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Abstract

Background. The trabecular meshwork (TM) plays a critical role in the outflow of aqueous humor.
Objectives. In this study, we aimed to investigate the effect of miR-181a on H,0,-induced apoptosis in TM cells.

Material and methods. Human primary explant-derived TM cells were cultured in fibroblast medium
and then treated with different concentrations of H,0, for 2 h. We used a series of methods to carry out
the research, such as MTT assay, quantitative reverse transcriptase-polymerase chain reaction (qRT-PCR),
apoptosis assay, and western blot methodology.

Results. The apoptosis assay and gRT-PCR showed that H,0;-induced apoptosis and cell viability were
suppressed in a dose-dependent manner in TM cells. After the TM cells were treated with H,0,, miR-181a
expression was significantly lower. The overexpression of miR-181a enhanced TM cells viability, while
the knockdown of miR-181a inhibited viability of cells. The overexpression of miR-181a suppressed TM cell
apoptosis, while the knockdown of miR-181a induced apoptosis. H,0; activated the nuclear factor-kB (NF-kB)
and c-Jun N-terminal kinase (JNK) pathways and induced cell apoptosis, while the overexpression of miR-181a
suppressed both pathways and decreased the rate of apoptosis.

Conclusions. In conclusion, this study indicated that miR-181a could improve the survival rate of TM cells
after H,0, treatment by blocking the NF-kB and JNK signaling pathways. These findings might provide novel
therapeutic opportunities in the treatment of glaucoma.

Key words: cell apoptosis, H,0,, miR-181a, trabecular meshwork, nuclear factor-kB, Jun N-terminal
kinase pathway
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Introduction

Worldwide, glaucoma is the one of the leading causes
of irreversible blindness.!”> There are 60 million people di-
agnosed with glaucoma, of whom 8.4 million have been
blinded due to glaucoma.? One of the major risk factors
associated with glaucoma includes elevated hydrostatic
pressure or intraocular pressure (IOP) in the eyes.® Intra-
ocular pressure depends on the rate of formation and drain-
age of the aqueous humor via the trabecular meshwork.?
The trabecular meshwork (TM), consisting of TM cells and
located at the intraocular anterior chamber angle, plays
a critical role in the outflow of aqueous humor.* Decreased
outflow of aqueous humor induces an elevation in IOP and
ultimately leads to glaucoma.?>* This in turn leads to in-
creased oxidative DNA damage in the TM of glaucoma
patients. The oxidative stress induces the activation of the
nuclear factor-kB (NF-kB) and c-Jun N-terminal kinase
(JNK) signaling pathways.> Trabecular meshwork cells play
an important role in maintaining the extracellular matrix
synthesis (ECM) and phagocytosis of the debris in outflow
tissues which control the aqueous-outflow facility. Thus,
a shortage of TM cells might result in ocular hyperten-
sion. Therefore, the elucidation of the mechanism under-
lying the miR-181a and primary oxidative stress response
signaling pathways might reveal promising opportunities
for preventing TM cell apoptosis, which can prevent glau-
coma.® An understanding the biological functions of TM
cells is then beneficial for understanding the pathogenesis
of glaucoma and for developing novel drugs.

MicroRNAs (miRNAs) are a group of non-coding RNAs
with 14-20 nucleotides, which are involved in the inhi-
bition of endogenous gene expression through trans-
lational cleavage.® MiRNAs are implicated in many
biological progresses, such as cell proliferation, aging,
apoptosis, and tumorigenesis.””!° These miRNAs, either
directly or indirectly, have been found to play an impor-
tant role in the pathogenesis of glaucoma in both ani-
mal and human visual systems.!12 The role of miRNAs
in the molecular mechanisms of ECM provides potential
for the development of drugs.!® In their study, Dismuke
et al. isolated 10 mature miRNAs from human aqueous
humor exosomes, one of which was miR-181a.1* miR-181a
is a family member of miR-181, and has been reported
to act as a regulator in cell proliferation, migration and
invasion.!® Interestingly, miR-181a has different func-
tions in different types of cells. For instance, miR-181a
improved colorectal carcinoma cells and cartilage cell
proliferation, while it inhibited the proliferation of glio-
ma.'*"18 The levels of miR-181a were most decreased with
aging.! The exact underlying mechanism of miRNAs
regulate retinal apoptosis or degeneration is largely un-
known. In a study by Parikh et al., miR-181a was found
to promote transdifferentiation towards mesenchymal-like
cells.?? The activation of these pathways is thought to con-
tribute to the dysfunction of normal outflow facility.?!

Y. Wang, et al. Role of MiR-181a in TM cells

Also, a study by Kozloski et al. demonstrated that miR-181a
negatively regulated NF-«B activity, leading to a significant
change in the proliferation and survival phenotype of the
B-cell-like diffuse large B-cell lymphoma malignancy.??
However, the role of miR-181a in the pathogenesis of glau-
coma remains elusive.

In this study, we investigated the role of miR-181a
in apoptosis in human trabecular meshwork cells induced
by H,O, through the NF-«kB and JNK pathways.

Material and methods
Cell culture and H,0, treatment

Human primary explant-derived trabecular meshwork
(TM) cells (TM cell line) were obtained from ScienCell
Research Labs (Catalog No. 6590; Carlsbad, USA). Primary
human TM cells were grown in the Fibroblast Medium
(Catalog No. 2301; ScienCell Research Labs, Carlsbad,
USA) wherein the cells from the 3 to 6" passage were
used. For maintenance, the cells were incubated at 37°C
in a 5% CO, environment. The TM cells were seeded
in a 6-well plate or a 96-well plate and treated with differ-
ent concentrations of H,O, for 2 h.

Small interfering RNA transfection

Mature miR-181a mimic and si-miR-181a were designed
and synthesized by GenePharma (Shanghai, China). The in-
sertion fragment was confirmed by DNA sequencing. Cell
transfection and co-transfection were performed using the Li-
pofectamine 3000 reagent (Invitrogen Life Technologies,
Carlsbad, USA) according to the manufacturer’s instructions.

MTT assay

The viability of the cells was determined using
a 3-(4,5-dimethylthiazol-2-yl)-2 5-diphenyl-2H-tetrazoli-
um bromide (MTT) colorimetric assay according to stan-
dard methods described previously. Each experiment was
performed 3 times.

Apoptosis assay

Flow cytometry analysis was performed to identify and
quantify the apoptotic cells by using an Annexin V-FITC/
PI apoptosis detection kit (Beijing Biosea Biotechnology,
Beijing, China). The cells (100,000 cells/well) were seeded
in a 6-well plate. The treated cells were washed twice with
cold PBS and resuspended in buffer solution. The adherent
and floating cells were combined and treated according
to the manufacturer’s instructions and measured with a flow
cytometer (Beckman Coulter, Fullerton, USA) to differen-
tiate apoptotic cells (Annexin-V-positive and PI-negative)
from necrotic cells (Annexin-V-positive and PI-positive).
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Quantitative reverse transcriptase-
-polymerase chain reaction

Total RNA was isolated from transfected cells by using
TRIzol reagent (Invitrogen, Carlsbad, USA) and treated
with DNase I (Promega, Southampton, UK). Reverse tran-
scription was performed by using a Multiscribe RT kit (Ap-
plied Biosystems, Foster City, USA) and random hexamers
or oligo(dT). The reverse transcription conditions were
10 min at 25°C, 30 min at 48°C, and a final step of 5 min
at 95°C.

Western blot

The protein used for western blotting was extracted us-
ing RIPA lysis buffer (Beyotime Biotechnology, Shanghai,
China) supplemented with protease inhibitors (Roche,
Guangzhou, China). The proteins were quantified us-
ing a BCA™ Protein Assay Kit (Pierce, Appleton, USA).
The western blotting system was established using a Bio-
Rad Bis-Tris Gel system according to the manufacturer’s
instructions. Primary antibodies were prepared in 5%
blocking buffer at a dilution of 1:1,000. Primary antibod-
ies were incubated with the membrane at 4°C overnight,
followed by washing and incubation with secondary anti-
bodies marked by horseradish peroxidase for 1 h at room
temperature. After rinsing, the polyvinylidene difluoride
(PVDF) membrane carrying blots and antibodies were
transferred into the Bio-Rad ChemiDoc™ XRS system, and
then 200 pL Immobilon Western Chemiluminescent HRP
Substrate (Millipore, Bedford, USA) was added to cover
the membrane surface. The signals were captured and
the intensity of the bands was quantified using Image Lab™
Software (Bio-Rad, Shanghai, China).

Statistical analysis

All data were shown as mean +SD. Statistical analyses
were performed using SPSS 19.0 software (SPSS Science,
Chicago, USA). Differences between groups were ana-
lyzed using one-way analysis of variance (ANOVA) and/
or Student’s t-test. A p-value of <0.05 was considered
statistically significant. All experiments were conducted
in triplicate.

Results

Different concentrations of H,0,
suppressed viability of TM cells
in a dose-dependent manner

In our study, we cultured TM cells in a 6-well plate
or a 96-well plate and treated them with different con-

centrations of H,0O, (50, 100, 200, and 300 uM) for 2 h. Cell
viability was assessed by MTT assay. Our results showed
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that H,O, at a concentration of 200 uM was significantly
suppressed. These results suggested that different con-
centrations of H,O, suppressed the viability of TM cells
in a dose-dependent manner and that H,O, in increas-
ing concentrations (100, 200, and 300 pM) suppressed
cell viability significantly (Fig. 1, p < 0.05 or p < 0.01).
For the analyses below 200 uM was selected.

1.5+

Cell viability

*%

Q \} Q Q Q
) K3 N o
H,0, concentration (uM)

Fig. 1. TM cell viability was significantly suppressed by H,0, in a dose-
dependent manner, and 200 uM was selected as a lethal concentration
of 50% used in the following analyses

*p <005 * p <001,

H,0,-treated TM cells revealed a significant
fall in miR-181a expression level

The TM cells after treatment with H,O, showed a sig-
nificant decrease (p < 0.01) in the expression level of miR-
181a (Fig. 2).
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Fig. 2. After H,0, intervention, the miR-181a levels in TM cells were
significantly decreased

** 5 <001,
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Transfection efficiency of TM cells

TM cells were transfected and then divided into mature
miR-181a mimic, si-miR-181a and negative control (siNC)
which were then evaluated by qRT-PCR. The results showed
a significant decrease (p < 0.01) in the mRNA expression
level of si-miR-181a compared to the control. Furthermore,
they showed a significantly increased (p < 0.01) mRNA ex-
pression level of miR-181a mimic compared to the control.
This suggested that transfection efficiency was observed
when miR-181a was overexpressed or suppressed in TM
cells (Fig. 3).

H,0, treatment and overexpression
of miR-181a increased TM cell viability

Cell viability was measured in the TM cells after treat-
ment with H,O,, and the effect of miR-181a on cell viabil-
ity was measured after transfection. The results showed
that cell viability was promoted with increasing time
in the miR-181a mimic group compared to si-miR-181a
and to control groups. These results suggest that the over-
expression of miR-181a enhanced TM cell viability, while
the knockdown of miR-181a inhibited cell viability (Fig. 4).

H,0, treatment and overexpression
of miR-181a decreased TM cell apoptosis

Cell apoptosis was measured in the TM cells after
treatment with H,O,, and the effect of miR-181a on cell
apoptosis was measured after transfection. The re-
sults showed an increased percentage of cell apoptosis
(p < 0.01) in the si-miR-181a group (mean: 35.7) compared
to control groups. Treatment with H,O, caused nuclear
condensation, which is an indicator of apoptosis. Also,
the miR-181a mimic group (mean: 10.7) showed a sig-
nificant reduction on cell apoptosis rate (p < 0.05), but
not as significant as si-miR-181a. These results suggested
that the overexpression of miR-181a suppressed TM cell
apoptosis, while the knockdown of miR-181a induced
apoptosis (Fig. 5).

miR-181a suppressed TM cell apoptosis via
blocking the NF-kB and JNK pathways

Generally, H,O, activates the NF-kB and JNK pathways
and induces cell apoptosis. The results showed that the
si-miR-181a group has a decreased expression of miR-
181a and treatment with H,O, suppresses the expres-
sion of miR-181a (p < 0.05). Thus, in the si-miR-181a +
H,0, group, the expression of miR-181a is low and it can-
not block the NF-xB and JNK pathways — it will rather
produce just the opposite effect (Fig. 6). This suggest-
ed that the overexpression of miR-181a could suppress
both the pathways, thereby decreasing the rate of cell
apoptosis.

Y. Wang, et al. Role of MiR-181a in TM cells

%%

mRNA expression folds/ GAPDH
N

O .

Fig. 3. Overexpressed or suppressed miR-181a in TM cells showed
transfection efficiency

**p<0.01.
H,O
1.5- a2
-+ si-miR-181a
- miR-181a mimic
£ 1.0- - siNC
=
8
S
S 0.5-
0.0 T T T T
1 2 3 4

Time after treatment (Day)

Fig. 4. The overexpression of miR-181a enhanced TM cell viability, while
the knockdown of miR-181a inhibited cell viability

H,0,

50+

Apoptosis cells (%)

Fig. 5. The overexpression of miR-181a suppressed TM cell apoptosis,
while the knockdown of miR-181a induced apoptosis

*p < 0,05 * p <001,
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Fig. 6. H,O, activated NF-kB and JNK pathways and induced cell
apoptosis, while the overexpression of miR-181a suppressed both
p-JNK p— p— pathways and decreased the apoptotic rate
*p < 0.05.
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p-c-Jun —  — ) ) ) )
in the literature that an aberrant expression of miR-181a
tcJun D GEED S a— has been associated with many types of human cancers and
PIKBA  —— . S acts as a key oncogenic regulator.”® The underlying mecha-
nism of miR-181a protects the TM cells is not quite clear.
tikBo . S a— In the present study, we not only demonstrated an active
P-PB5 e R o — change in the expression profile of miR-181a upon H,O,-
induced apoptosis, but also a protective role of the miR-
tpes D G G a— 181a overexpression on TM cell. Thus, these results high-
GAPDH S S S S light the functional role of miR-181a in glaucoma.
& & & & This study explored the mechanisms of the regulation
S R .
00‘"“ @ R N of miR-181a in TM cell injury. We found that the expres-
Q.,\“’\ é\'& sion of miR-181a was downregulated in TM cells pretreated
& with H,O,. MTT results showed that the overexpression
of miR-181a could improve cell viability, while the knock-
. . down of miR-181a suppressed cell viability. Flow cytometry
Discussion results demonstrated that miR-181a inhibited cell apopto-

Oxidative stress has been established as an important
contributing factor in TM cell degeneration.® The contrib-
utory role of H,O, in TM cell degeneration is also known.??
In the present study, we induced TM cell apoptosis through
H,0, and found that miR-181a was downregulated by H,O,
in a dose-dependent manner. It has been commonly shown

sis, while the knockdown of miR-181a increased apoptosis.
Western blotting assay showed a suppression of miR-181a
cell apoptosis via blocking the NF-kB and JNK signaling
pathways.

In this study, we also showed that during H,O,-induced
apoptosis downregulating miR-181a blocks the NF-kB and
JNK signaling pathways. Our results were similar to one
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of the studies conducted by Kozloski et al. in B-cell-like
diffuse large B-cell lymphoma.?? Thus, it is likely that miR-
181a upregulation may serve a protective role in glaucoma
by exerting a protective effect on H,O,-induced apoptosis
in TM cells. This hypothesis was further supported by our
results, which showed that miR-181a overexpression pro-
moted TM cell apoptosis, which possibly induced the trans-
differentiation of mesenchymal-like cells in the aqueous
humor of TM cells.?’ NF-xB is considered to be an impor-
tant nuclear transcription factor that helps in mediating
the inflammatory response caused by oxidative stress.?*
In endothelial cells, NF-xB is strongly activated by treatment
with H,O, for 4 h.?> However, to elucidate the exact molecu-
lar interaction between miR-181a and the NF-kB and JNK
pathways in protecting trabecular meshwork cells, future
experiments that require blocking of these pathways or its
upstream pathways upon the inhibition of miR-18a would
provide solid evidence about the direct targeting of miR-181a
on anti-apoptotic pathways in TM cells.

Many miRNAs are involved in the molecular mechanisms
of glaucoma; some miRNAs were up-regulated in cells, while
others were down-regulated.!?> These miRNAs facilitate
the evaluation of specific pathophysiology and offer diag-
nosis. Further in-depth understanding will help in diagnos-
ing the subtypes of glaucoma, the pathophysiological stages,
and the prescription of appropriate drugs.!? miR-183 was
involved in the alteration of integrin-p1 expression, thereby
effecting the physiology of TM, resulting in glaucoma.?®
The miR-29 family regulates ECM synthesis in the TM.?
The changes associated with ECM synthesis result in al-
terations in the IOP. miR-29b negatively regulates the ECM
proteins, and its regulators — under chronic oxidative stress
conditions — affect ECM homeostasis in human TM cells.
The expression of miR-29b decreased under chronic oxida-
tive stress conditions, resulting in ECM gene upregulation.
Similarly, miR-24 plays an important role in the flow path-
ways.?® One study identified the involvement of microRNAs
in glaucoma with /isa-let-7b-3p as the most prevalent factor
in the aqueous humor.!?

In conclusion, this study indicated that miR-181a could
improve the survival rate of TM cells after H,O, treat-
ment by blocking the NF-kB and JNK signaling pathways.
These findings might provide novel therapeutic oportuni-
ties in the treatment of glaucoma.
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Abstract

Background. Interleukin 21 (IL-21), which belongs to the common y-chain (yc) family, is a novel tumor
suppressor that has been shown to affect T-cell proliferation, survival and function. However, the role of IL-21
in colon cancer remains unclear.

Objectives. We sought to determine whether I1-21 could inhibit the progression of colon cancer in mice;
we also explored the mechanisms underlying the immunological effects of IL-21 in colon cancer.

Material and methods. Exogenous IL-21 protein was expressed to treat tumor-bearing mice and the
production of cytokine interleukin 4, interferon gamma and lambda from CD4* T, (D™ T, and NK cells were
measured, along with the survival times of these tumor-bearing mice.

Results. Interleukin 21 promoted the secretion of interferon gamma from the CD4* T, (D8 T and NK cells
and it enhanced the production of interferon lambda by the NK cells. More importantly, IL-21 treatment
significantly enhanced antitumor effects in favor of tumor eradication. We also found that (D8* T and NK
cells are necessary for the antitumor immune responses elicited by IL-21.

Conclusions. Interleukin 21 s a powerful tool for activating CD8* T cells and NK cells which exhibit potent
cytolytic effector functions and should therefore be exploited for anticancer immunotherapy. Our findings
support the development of a novel cytokine immunotherapy against colon cancer.

Key words: colon cancer, immunotherapy, interleukin 21, interferon y
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Introduction

Colorectal cancer is the 6" leading cause of tumor-relat-
ed death in China.!~® Although the treatment of colorectal
cancer has significantly improved over the past few years,
the results of the current treatment modalities are unsatis-
factory, especially for patients in the advanced stages of co-
lon cancer.*® Therefore, the development of effective thera-
peutic approaches for colon cancer is necessary. Tumor
immunotherapy brings new hope for cancer treatment.

Effective tumor immunotherapy depends on the pres-
ence of large numbers of tumor-infiltrating T lymphocytes
with effector functions, appropriate phenotypic charac-
teristics, self-renewal potential, and homing capacity.®~*
In addition to T lymphocytes, CD8* T cells and natural
killer (NK) cells also play an important role in antitumor
immune therapy by eliminating tumor cells through the
actions of perforin and granzyme.!!! Thus, the ability
to elicit the cytotoxicity of NK cells and CD8* T would
benefit cancer immunotherapy.

Interleukin 21 (/L-21) belongs to the common-gamma
chain family, which includes IL-15, IL-9, IL-7, IL-4, and
IL-2.1213 These cytokines display a similar 4-helix bundle
structure and functional redundancy in their regulation
and homeostasis of the lymphoid system, but each fam-
ily member also performs distinct functions.!314 IL-21
is produced by activated CD4* T cells, NK T cells and
follicular T-helper cells (Th).® Recently, IL-21 has been
revealed to exhibit antitumor function in different tumor
models and its mechanism of action has been reported
to involve the stimulation of T- or B-cell responses and
NK cells.®101L15 Moreover, the antitumor activity of IL-21
can be potentiated when it is used in combination with
other immunostimulants, chemotherapy, or monoclo-
nal antibodies that recognize tumor antigens.®'!¢ For
example, the combined use of IL-21 and peptide-loaded
dendritic cells increases the number of human Melan-A/
MART-1-specific CD8* T cells that display high affinity
and a CD45RO*CD28"s" phenotype upon in vitro stimu-
lation.!® These results indicate that IL-21 has antitumor
activity in vitro.

IL-21 can also enhance the antitumor activity of dendrit-
ic-cell vaccines or antibodies. However, for immune-com-
petent murine models of colon cancer, the immunological
consequences of IL-21 stimulation have not been addressed
so far. Therefore, in this study, we investigated whether
IL-21 could suppress the growth of colon cancer in mice;
we also tried to elucidate the mechanisms underlying the
antitumor immune effects of IL-21. Our findings provide
data essential for the development of effective tumor im-
munotherapies in the future.
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Material and methods
Cell lines and mice

Mouse colon cancer cells (CT-26 cells) were obtained
from the American Type Culture Collection (ATCC)
and maintained in Dulbecco’s Modification of Eagle’s
Medium (DMEM) supplemented with 10% heat-inacti-
vated fetal bovine serum (FBS), 100 pg/mL streptomycin,
100 U/mL penicillin, and 2 mM L-glutamine (Thermo Fisher
Scientific, Shanghai, China). Eight-week-old male BALB/c
mice were purchased from the Center of Animal Experi-
ment of Wuhan University, China. The mice used in the ex-
periments were fed under specific pathogen-free conditions
in the animal facility of Wuhan University and treated in ac-
cordance with the guidelines of the Institutional Animal
Care and Use Committee (IACUC) of Wuhan University.

Generation of IL-21-His and GST-His
fusion protein

To generate an IL-21-His fusion protein, total RNA
was extracted from the BALB/c mouse splenocytes, us-
ing TRIzol (Invitrogen, Shanghai, China), and comole-
mentary DNA (cDNA) was synthesized using an RT-PCR
kit (Fermentas, Shenzhen, China). The sequences encoding
IL-21 were then amplified using selected primers (Table 1),
and the polymerase chain reaction (PCR) product was se-
quenced and then cloned in-frame between the Sall and
HindIIl (New England Biolabs, Beijing, China) restric-
tion sites of a pET-20b(+) vector to ensure that the His-tag
was fused with IL-21. The pET-20b(+) construct was then
transfected into BL21(DE3)pLySs (Merckmillipore, Shang-
hai, China) cells, which were then induced with 0.1 mM
isopropyl B-p-1-thiogalactopyranoside (IPTG) (Thermo
Scientific, Shanghai, China). Next, the fusion proteins
were purified using His-Select Nickel Affinity Gel (Sigma-
-Aldrich, Shanghai, China) or Glutathione Sepharose 4B
(GE Healthcare Life Science, Beijing, China), and lipo-
polysaccharide contamination was removed using Detoxi-
GelTM Endotoxin Removing Columns (Thermo Scientific,
Shanghai, China). The proteins were then dialyzed in phos-
phate buffer saline (PBS) and analyzed by sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and
western blotting. The endotoxin level was <0.5 EU/mg, as
measured using the Limulus Amebocyte Lysate (LAL) assay
(BioWhittaker Limulus Amebocyte Assay; Lonza, Basel,
Switzerland). We also transfected the pET-32a(+) vector into
BL21(DE3)pLySs cells to generate glutathione S-transferase
(GST)-His fusion protein for use as a negative control.

Western blot analysis
The purified IL-21-His and GST-His proteins were iden-

tified by western blot using rabbit anti-mouse-IL-21 mono-
clonal antibodies (dilution 1:1000) (Abcam, Shanghai,
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China). HRP-anti-rabbit IgG (dilution 1:5000) (Abcam,
Shanghai, China) was used as a secondary antibody. Com-
mercial IL-21 (eBioscience, San Diego, USA) was used as
a positive control.

Isolation of NK cells, CD8* T cells
and CD4* T cells

NK cells, CD8* T cells and CD4* T cells were isolated
from the spleens of the BALB/c mice, using the BD™ IMag
mouse NK cells, CD8* T and CD4* T lymphocytes, and
enrichment set-DM and the BD™ IMagnet (BD Pharmin-
gen, Beijing, China) by negative selection.

Cytokine-specific ELISA

The serum interferon gamma (IFN-y) and IL-4 concen-
trations from the IL-21-immunized mice were measured
by ELISA. In brief, 8 BALB/c mice per group were immu-
nized with IL-21 (50 pg/mouse) through intravenous injec-
tion on days 0, 7 and 14. The group of mice immunized
with GST (n = 8) or PBS (n = 8) was used as the controls.
Peripheral blood from the medial canthus of the eye was
drawn on days 0, 7, 14, 21, and 28. Sera were harvested
to analyze the cytokine levels via ELISA test using cyto-
kine-specific kits (eBioscience, San Diego, USA), according
to the protocol recommended by the manufacturer.

CD4+ T,CDS8* T and NK cells from the mice were treated
withIL-21 and the IEN-y production was analyzed using ELI-
SA. In brief, CD4* and CD8* T cells (1 x 10° cells/well) were
purified and stimulated with CD3 antibodies (20 ng/mL)
and CD28 antibodies (10 ng/mL) (BioLegend, Beijing, Chi-
na) plus either IL-21 (20 pg/mL) or GST (20 pg/mL) for
3 days. NK cells (1 x 10° cells/well) were purified and stim-
ulated with IL-2 protein (10 ng/mL) (BioLegend, Beijing,
China) plus either IL-21 (20 pg/mL) or GST (20 pg/mL)
for 3 days, and the supernatants (200 uL/well) were then
collected for the IFN-y assay using cytokine-specific kits
(eBioscience, San Diego, USA).

Intracellular IFN-y assay

For intracellular cytokine staining of the CD8'T, CD4*T
and NK cells, the mouse splenocytes (2 x 10° cells/well)
were treated using concanavalin A (ConA; 3 pg/mL) plus
IL-21 (20 pg/mL) or GST (20 pg/mL) for 3 days, after which
the cells were restimulated with 100 ng/mL ionomycin
(Sigma-Aldrich, St. Louis, USA), 4 pg/mL GolgiPlug (BD

Table 1. Primer sequences
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Pharmingen, Beijing, China) and 50 ng/mL phorbol 12-my-
ristate 13-acetate (PMA) for 4 h. After 4 h, the cells were
incubated with anti-CDS, anti-CD4, or anti-NK1.1 mono-
clonal antibodies, then fixed, permeabilized, stained with
anti-IFN-y (BioLegend, Beijing, China), washed, and ana-
lyzed by flow cytometry (BD Immunocytometry Systems,
San Jose, USA).

Quantitative real-time polymerase
chain reaction

The CD4+ T, CD8* T and NK cells were purified, and
total RNA from these cells was extracted using TRIzol
(Invitrogen, Shanghai, China). Next, 250 ng of each ex-
tracted RNA sample was used to synthesize cDNA, using
the RevertAid First-Strand real-time polymerase chain
reaction (RT-PCR) kit (Fermentas, Shenzhen, China).
Complementary DNA (cDNA) was amplified using prim-
ers listed in Table 1 in a 25-pL reaction mixture contain-
ing 100 ng of the cDNA template and 12.5 puL of SYBR
Green PCR Supermix (Bio-Rad, Hercules, USA) in the
recommended cycling conditions.”” Each transcript was
normalized to the amplification levels of glyceraldehyde
3-phosphate dehydrogenase (GAPDH). IFN-A mRNA lev-
els were quantified using the MyiQ single-color RT-PCR
detection system (Bio-Rad, Hercules, USA).

T-cell proliferation assay

To examine in vitro proliferation, [*H]-thymidine-incor-
poration assays were performed. Briefly, splenocytes from
wild-type BALB/c mice were cultured in 96-well plates
(5 x 10° cells/well) and treated with PBS, GST, or IL-21
(20 pg/mL) for 72 h. [*H]-Thymidine (HTA Co. Ltd, Beijing,
China) was then added 16 h before a 3-day culture, and
proliferation was measured using a scintillation counter
(Beckman, California,USA). A stimulation index was used
to reveal the fold-increase in proliferation. The stimulation
index was calculated as cpmeyp/CpMeontrol.

Mouse immunization and tumor challenge

The BALB/c male mice were challenged with 3 x 10° CT-
26 tumor cells subcutaneously and randomly divided into 3
groups (n = 8 mice/group). After 7 days, the mice were im-
munized with GST-IL-21 by intravenous injection (50 pg/
mouse) when palpable tumors formed (3—5 mm in diam-
eter). Two additional GST-IL-21 protein immunizations

Reverse (5’-3")

Gene name Forward (5'-3')
IL-21 TCGTCGACATGGAGAGGACCCTTGTCTGT
IFN-A CTTCCAAGCCCACCCCAACT
GAPDH ACCACAGTCCATGCCATCAC

CGAAGCTTTGAGTCACTGGGCACAGG

GGCCTCCAGGACCTTCAGC
TCCACCACCCTGTTGCTGTA

IL-21 — interleukin 21; IFN-A — interferon A; GAPDH — glyceraldehyde 3-phosphate dehydrogenase.
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were performed in the tumor-bearing mice every 7 days
after CT26 inoculation. The mice treated with GST or
PBS were used as controls. Tumor volumes were surveyed
every 2—3 days and calculated using the following formula:
L12 x L2/2, where L1 is the shortest diameter and L2 is the
longest diameter. The mice were euthanized when the tu-
mors grew to 12 mm in diameter. In some experiments, the
mice were treated intraperitoneally with CD4 monoclonal
antibodies (clone GK1.5; 250 pg/mouse), CD8 monoclonal
antibodies (clone 2.43; 500 pg/mouse), anti-NK1.1 mono-
clonal antibodies (clone PK136; 200 pg/mouse), or isotype
control antibodies (250 pg/mouse) 3 times after tumor
inoculation (on days 3, 10 and 17).

Statistical analysis

The data were analyzed by Tukey’s multiple comparison
test for more than 2 study groups (GraphPad Prism, 5.01).
A 2-way ANOVA and a Kaplan-Meier survival analysis
were performed in order to determine statistical signifi-
cance for in vivo tumor therapy. Probability value p < 0.05
was considered statistically significant.
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Results

Expression of recombinant
fusion proteins IL-21-His and GST-His

The molecular weight of mouse IL-21 protein is about
20kDa.!® Asindicated in Fig. 1A and Fig. 1B, the recombinant
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Fig. 1. Identification of the recombinant IL-24-His protein

The proteins IL-21-His and GST-His were purified and then western blotted
with mAbs against His-tag (A) and IL-21 (B); commercial IL-21 protein was
used as the positive control.
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Fig. 2. ILl-21-mediated increase in the levels of IFN-y in the serum and splenic IFN-y-producing CD8+ T and NK cells

A - BALB/c mice (n = 8 mice/group) were injected 3 times at 1-week intervals with I-21, GST, or PBS. The sera were then harvested on different days for
ELISA analysis of (B) IFN-y and (C) IL-4 cytokine levels. D — splenocytes obtained from the BALB/c mice were stimulated with ConA plus IL-21 for 3 days.
The viable splenocytes were then selected, and the CD4+ T, CD8+ T, or NK cells were gated. The percentage (left) and mean fluorescence intensity (MFI)
(right) of the IFN-y-producing CD4+ T, CD8+ T and NK cells were then analyzed by flow cytometry. Data are representative of 3 experiments. Error bars

represent the standard error of the mean; * p < 0.05; ** p < 0.01; *** p < 0.001.
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IL-21-His fusion protein was blotted positively using His-Tag
(Sigma, Shanghai, China) and IL-21 (Abcam, Shanghai, Chi-
na) monoclonal antibodies. Commercial IL-21 and GST pro-
teins were used as positive and negative controls, respectively.

Interleukin 21 enhances the activation
of CD8* T cells and NK cells

IFN-y production serves as a marker of effector CD4*
and CD8* T cells. To determine whether exogenous IL-21
promotes cytokine production in mice, the serum levels
of cytokines IFN-y and IL-4 from the mice treated with
IL-21 were measured on different days (Fig. 2A). The data
revealed that the IFN-y levels were significantly higher
in the IL-21-treated mice on days 14, 21 and 28 (p < 0.01;
Fig. 2B) than in the control-treated mice, but the IL-4 levels
showed no significant difference at any of the time points
in any group (Fig. 2C).

To examine the types of immune cells producing IFN-y,
we harvested splenocytes from BALB/c mice and analyzed
the kinds of IFN-y-producing cells by flow cytometry
(Fig. 2D). The data suggested that IL-21 injection signifi-
cantly promoted the production of IFN-y-producing CD8*
T cells and NK cells (p < 0.01; Fig. 2D).

Interleukin 21 directly induces IFN-y
production in CD4* and CD8* T cells
and IFN-y production in NK cells

We next aimed to further explore whether exogenous
IL-21 can directly stimulate these cells to produce IFN-y
and found that IL-21 significantly promoted IFN-y secre-
tion in the T cells and NK cells (p < 0.01; Fig. 3A). Since
IFN-y from NK cells possesses antitumor activity, our
next step was to determine whether IL-21 could promote
IFN-y production from NK cells.?! As shown in Fig. 3B,

587

IL-21 significantly enhanced IFN-y production in the
NK cells. Furthermore, the IL-21 protein, but not PBS or
GST, triggered enhanced splenocyte proliferation, as mea-
sured by means of [*H]-thymidine incorporation (p < 0.05,
Fig. 3C).

Vaccination with interleukin 21 fusion
protein produces potent antitumor effects

CD8* T cells and NK cells play crucial roles in antitumor
immune responses.?? Therefore, we aimed to determine
whether IL-21 administration could establish antitumor
immunity. As shown in Fig. 4B, IL-21 treatment could
significantly suppress tumor growth as compared to PBS
or GST treatment in the tumor-bearing mice (p < 0.05).
Furthermore, we found that IL-21 treatment significantly
prolonged the life of the tumor-bearing mice (p < 0.05;
Fig. 4C).

To further explore the cellular mechanisms associated
with IL-21, CD8* cell, CD4* T cell, and/or NK cell, deple-
tions were carried out during the treatment of the mice.
The data showed that mice depleted of NK or CD8* T cells
lost the antitumor functions elicited by IL-21 (p < 0.05;
Fig. 4D and 4E). However, the tumor size and survival
time of the tumor-bearing mice depleted of CD4* T cells
remained unchanged in the IL-21-treated mice (Fig. 4D
and 4E). These results revealed that CD8* T cells and NK
cells are essential for the antitumor immune responses
induced by IL-21.

Discussion

In our study, the results showed that the cytokine IL-21
has antitumor effects in murine colon cancer models.
IL-21 administration enhanced serum IFN-y levels and
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Fig. 3. IL-21 promotes CD8+ T cell and NK cell functions

Purified CD4+ T, CD8+ T and NK cells were stimulated with CD3 and CD28 antibodies or IL-2 plus IL-21 or GST for 3 days, and then the supernatants were
collected for IFN-y assays (A); B — quantitative analysis of IFN-lambda mRNA-expression levels in the CD4+ T, CD8+ T, or NK cells; C — splenocytes from
BALB/c mice were cultured in 96-well plates and stimulated with PBS, GST, or IL-21 for 72 h. [3H]-thymidine was added and proliferation was measured using
a scintillation counter; the fold-increase in proliferation is shown using a stimulation index. Data are representative of 3 experiments. Error bars represent

the standard error of the mean; * p < 0.05; ** p < 0.01; *** p < 0.001.
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survival rate in tumor-bearing mice following
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IEN-y secretion in the CD8* T, CD4* T and NK cells.
We also established that IL-21 promotes IFN-y secretion
from NK cells as well as the proliferation of splenocytes.
Moreover, we found that the antitumor function of IL-21
relied on CD8* T cells and NK cells.

Previous studies have shown that IL-21 markedly sup-
presses tumor growth in some cancers, including colon
cancer,'® breast cancer,'” melanoma,? and renal cancer.?!
In these studies, the mechanism underlying the antitumor
effect of IL-21 in different tumor models was found to in-
volve the activation of T cells and NK cell responses. More-
over, it was found that the antitumor function of IL-21
could be potentiated when it was used in combination with
other immunostimulants, chemotherapy, or monoclonal
antibodies that recognize tumor antigens.?*-2* However,
the mechanism by which IL-21 affects T cells and NK
cells and exerts antitumor effects has not been previously
researched in colon cancer models.

Our data revealed that recombinant IL-21 could di-
rectly promote the secretion of IFN-y in CD8* T, CD4+ T
and NK cells. Previously, Zeng and colleagues reported
that IL-21 exerts limited effects on the secretion of [IFN-y
in CD8* T cells.?* However, this does not contradict our
data, because IL-21 produces highly limited effects on na-
ive T cells; in our experiment, we added CD3 and CD28
monoclonal antibodies to activate the T cells. Zeng et al.
also reported that IL-21 produces extremely weak effects
on the proliferation of CD8" T cells, CD4* T cells and
NK cells.?* In contrast, our results indicated that IL-21
markedly enhanced the proliferation of splenocytes.

Days after tumor challenge

We speculate that IL-21 promotes B-cell proliferation be-
cause the spleen contains numerous B cells and because
the IL-21 receptor (IL-21R) is expressed on B cells.'* Thus,
our data revealed that the recombinant protein IL-21-His
exerted its biological function, but we could not clarify the
underlying mechanism. Li et al. previously reported that
IL-21R is expressed on the surface of B cells, CD8*T cells,
CD4"T cells, and NK cells.'* We speculate that IL-21 could
ligate the IL-21R expressed on the surface of CD4* and
CD8* T cells, and could thereby activate T cells.

Further, IFN-y plays very important roles in NK cell-
mediated tumor destruction pathways.?> We therefore
measured the changes in the levels of IFN-y in T and NK
cells after treatment with IL-21. Our results revealed that
IL-21 could not only enhance IFN-y production but could
also promote IFN-y production. The data also showed
that IL-21 could enhance antitumor immunity in the mice
by increasing IFN-y production and activating NK cells.

Thus, we revealed an important role for NK cells and
CD8* T cells in IL-21-mediated antitumor immune re-
sponses. Moreover, we found that the antitumor func-
tion of IL-21 was lost in the mice depleted of NK cells or
CD8* T cells, but not in those depleted of CD4* T cells.
Our data also revealed that IL-21 could enhance the secre-
tion of INF-y in CD4*and CD8* T cells. However, because
of the expression of CD4 molecules on Treg cells, it is pos-
sible that injection of the CD4 antibody in mice depleted
Treg cells.

The blockade of immune checkpoints in tumor immu-
notherapy, such as programmed cell death protein 1 (PD1),
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rely on the enhancement of spontaneous antitumor im-
munity. However, these immunotherapies are limited
by the requirement for existing tumor-specific immune
responses.?6~28 Therefore, breaking immune tolerance
to the tumor and enhancing the immune response to tu-
mor antigens should increase tumor immunogenicity. Our
results strongly suggested that IL-21, serving as a cytokine,
promotes tumor-specific immune responses. The findings
of some other studies provide further in vivo evidence for
the tumor-suppressive function of 1L-21.%1213.29

In summary, our study shows that IL-21 can not only
directly enhance the secretion of IFN-y in CD8* T cells and
CD4" T cells, but can also promote the secretion of [FN-y
and IFN-A in NK cells and suppress the growth of CT-26
tumor cells. Thus, IL-21 is a powerful tool for activating
CD8* T cells and NK cells which exhibit potent cytolytic
effector functions, and should therefore be considered for
tumor immunotherapy in the future.
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Abstract

Background. Ovarian torsion is one of the most common gynecological emergencies, which especially
affects women of reproductive age.

Objectives. We aimed to evaluate the effect of Ginkgo biloba (GB) supplementation in ovarian ischemia/
reperfusion injury in an experimental torsion/de-torsion rat model.

Material and methods. This study was carried outin the Ege University Faculty of Medicine in Izmir, Turkey.
Thirty mature female Sprague-Dawley albino rats were randomly divided into 5 groups: in Group 1 (control),
the abdominal wall was only opened and closed; in the torsion group (Group 2), ischemia was induced for
3'h, using atraumatic vascular clips to create a torsion model; in the torsion/GB group (Group 3), the rats
were given 80 mg/kg (oral gavage) of GB 30 min before torsion was induced and the torsion model was
formed; in the torsion/de-torsion group (Group 4), the rats underwent 3 h of ischemia and then the vascular
clips were removed and reperfusion took place for 3 h; in the torsion/de-torsion/GB group (Group 5), the rats
underwent 3 h of ischemia followed by GB (oral gavage) 30 min prior to a 3-h reperfusion period. Ovarian
tissue damage was evaluated by a histopathological scoring system. Ovarian tissue malondialdehyde (MDA)
and plasma pentraxin-3 were measured.

Results. In comparison with the sham group, both the torsion and torsion/de-torsion groups had significantly
higher scores for follicular degeneration, vascular congestion, edema, hemorrhage, and leukocyte infiltration.
Ginkgo biloba significantly decreased these scores inboth groups. Ovarian malondialdehyde and plasma pentraxin
3 were significantly higher both in the torsion and torsion/de-torsion groups compared with the sham group.
Ginkgo biloba decreased these levels significantly both in the torsion/GB and torsion/de-torsion/GB groups.

Conclusions. Supplementing GB during a surgical procedure decreases ischemia/reperfusion injury to an
ovary in an experimental rat model based on histopathological parameters, tissue malondialdehyde, and
plasma pentraxin-3 levels.

Key words: malondialdehyde, ischemia/reperfusion injury, ovarian torsion, Ginkgo biloba, pentraxin-3
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Introduction

Ovarian torsion is defined as a partial or total rotation
of the ovary, the fallopian tube, or both around its vascu-
lar axis. The compression of the ovarian vessel obstructs
lymphatic and venous outflow first, and subsequently ar-
terial inflow. The blockage of the lymphatic and venous
systems leads to ovarian edema, resulting in enlargement
of the ovary. Increased ovarian stromal pressure blocks
the arterial blood supply, which leads to ovarian ischemia
and results in necrosis of the ovarian tissue, infarction,
and local hemorrhage. It is the 5%"-leading cause of surgi-
cal emergencies with a prevalence of 2.7-3%.! However,
increased infertility treatment tends to raise the incidence
rate iatrogenically. The incidence rate rises dramatically
to 6% after ovarian stimulation and reaches as high as 16%
in cases of ovarian hyperstimulation syndrome.?

The majority of ovarian torsion cases occur at repro-
ductive age.® The diagnosis is often challenging because
of the non-specific signs, symptoms, and limited benefits
of imaging techniques and laboratory markers. The classic
presentation of ovarian torsion is acute abdominal pain
along with nausea, vomiting, and positive peritoneal signs.
Additionally, adnexal masses or the impairment of ovar-
ian blood flow would provide support for a diagnosis.
Nevertheless, suspicion of ovarian torsion should be kept
in mind in order to reduce adverse outcomes, especially the
loss of ovarian function. Immediate surgical intervention
is necessary as soon as ovarian torsion is diagnosed. In the
past, fear of thromboembolic phenomena or a suspected
malignant mass led physicians to perform an oophorec-
tomy. However, there are no reported cases of embolic
incidents after de-torsion in the literature. Thus, the cur-
rent recommendation is to salvage the twisted ovary with
de-torsion even if the tissues are cyanotic.*

De-torsion of the twisted ovary replenishes the blood
supply and initiates the recovery process. Paradoxically,
the return of blood flow can also result in additional ovar-
ian damage and complications, referred to as reperfusion
injury. Ischemia injury occurs because of an imbalance be-
tween energy requirements and production.” Aerobic en-
ergy cannot be utilized in an ischemic patient; the required
energy is obtained through the anaerobic pathway. Rem-
nants of this process can damage the cell. These processes
are reversible only if reperfusion is instituted. However,
reperfusion can be also hazardous because of neutrophil
infiltration and excessive production of reactive oxygen
species (ROS), called ischemia/reperfusion (I/R) injury.
Membrane lipids are the most sensitive structures affected
by ROS. Several substances are produced during the lipid
oxidation process. Malondialdehyde is one of the most
important end-products of lipid peroxidation and is used
to indicate the level of oxidative damage. Pentraxin-3
(PTX3) is an acute-phase reactant produced predomi-
nantly by macrophages, dendritic cells, and endothelial
cells. It functions as a central immune mediator, which
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is a novel marker for I/R injury, especially in myocardial
cells.®”

Ovarian viability and function is related not only to the
period of ischemia, but also to reperfusion injury. Recently,
many agents like edaravone, oxytocin, and octreotide have
been reported to improve the side effects of I/R injury
in animal models because of the their anti-inflammatory
and antioxidant effects.®-1°

Ginkgo biloba is one of the world’s oldest living tree spe-
cies. It contains dozens of active substances, including
flavonoids, terpene lactones, ginkgo flavone glycosides,
and bilobetin. Several investigators have used GB to treat
dementia, tinnitus, cerebral insufficiency, sexual dysfunc-
tion, vertigo, vitiligo, macular degeneration, and peripheral
vascular disease. The mechanism has not yet been defined
exactly, but it has neuromodulator effects in the central
and peripheral nervous system: it is an antioxidant and
a vasodilator. As an antioxidant, GB reduces superoxide
release in polymorphonuclear cells, acts as a scavenger for
free radicals,and also acts as a mediator of lipid peroxidation
and cell damage.!''"13 Recently, GB extracts were screened
by ultra-high performance liquid chromatography. Sixty-
one compounds were identified, 25 of which showed con-
siderable radical scavenging capacity. This means that GB
could have an important protector role not only in ischemic
injury, but also in ischemic/reperfusion injury.!*

To date, there have been several studies investigating the
beneficial role of GB on various systems of the body; how-
ever, there is limited data on the effect of on ovarian isch-
emia/reperfusion injury. Therefore, the aim of the present
study was to investigate the effect of GB on I/R injury in arat
ovary torsion/de-torsion model using a histopathological
score, ovarian tissue MDA, and plasma PTX3 as tissue and
systemic I/R injury markers.

Material and methods
Animals

We used 30 mature (12-week-old) female Sprague—Daw-
ley albino rats that weighed 200-220 g each. The animals
were fed ad libitum and housed in pairs in steel cages
in a temperature-controlled environment (22 +2°C) with
12-h light/dark cycles.

The local Animal Ethics Committee approved the ex-
perimental procedures employed in the present study.
All experiments were carried out according to the Guide
for the Care and Use of Laboratory Animals, as confirmed
by the National Institute of Health (USA).

The estrus stage of each rat was determined by taking
avaginal smear at an interval of 6-12 h. Cells types in the
smear were subsequently examined under a microscope
according to the Papanicolaou stain procedure. Only the
30 rats, which were confirmed to be in the estrus stage
by the smear, were included in the experiment.
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Experimental protocol

Rats were anesthetized by an intraperitoneal injection
of a combination of 50 mg/kg ketamine hydrochloride
and 7 mg/kg xylazine hydrochloride (Alfazyne; Alfasan
International BV, Woerden, Holland). After shaving and
disinfection, a lower midline laparotomy was performed
by making a 2-cm longitudinal incision, and the uterine
horns and adnexa were located.

In Group 1 (n = 6, sham-operated control group), only
a laparotomy was performed and then closed with 3/0 silk
sutures (12). In Group 2 (n = 6, torsion group), ischemia was
induced for 3 h by applying atraumatic vascular clips to the
vascular pedicle 1 cm above and below the ovary. In Group 3
(n =6, torsion and GB group), torsion was induced 30 min
after the administration (oral gavage) of 80 mg/kg of GB
(Tebokan, Abdi Ibrahim, Turkey). In Group 4 (n = 6 torsion/
de-torsion group), 3 h of ischemia and 3 h of reperfusion
were performed. In Group 5 (n = 6, torsion/de-torsion and
GB group), torsion was induced for 3 h, followed by the
administration of 80 mg/kg of GB (oral gavage) 30 min prior
to de-torsion/reperfusion, which lasted 3 h. Tablets con-
taining 80 mg GB (Tebokan, Abdi Ibrahim, Turkey) were
crushed and suspended in tap water to yield a concentra-
tion of 10 mg/mL. According to the weight of each rat, the
suspended drug solution was topped up to 4 mL with tap
water. The medications were given via orogastric tubes.
Immediately after the reperfusion period, both ovaries were
excised for histological and biochemical evaluation.

Histopathological examination

The specimens were fixed in 10% buffered formalin for
48 h, cleared in xylene, and embedded in paraffin. Tis-
sue sections of 4-um were stained with hematoxylin and
eosin for morphologic analysis. All sections were photo-
graphed with an Olympus C-5050 digital camera located
on an Olympus BX51 microscope (Olympus Corp., Tokyo,
Japan). All primordial and developing follicles were exam-
ined histologically.

Follicular degeneration, vascular congestion, hemor-
rhaging, edema, and infiltration by inflammatory cells
were scored from O to 3 according to the severity of injury,
with 0 indicating no pathological findings and 1, 2, and
3 representing pathological findings of <33%, 33—66%,
and >66% of the ovarian section, respectively.!®

The measurement
of tissue lipid peroxidation

Ovarian tissues were homogenized in 150 mM
of ice-cold KCI and centrifuged at 5000 g for 10 min.
The supernatants were analyzed for lipid peroxidation.
Lipid peroxidation was evaluated in each tissue sam-
ple by measuring the malondialdehyde level as thio-
barbituric acid-reactive substances (TBARS). Briefly,
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trichloroacetic acid, TBARS reagent, and the tissue
samples were mixed and incubated at 100°C for 60 min.
After cooling, the samples were centrifuged at 3000 rpm
for 20 min and the absorbance of the supernatant was
read at 535 nm. The MDA level was calculated from
a standard calibration curve using tetraethoxypropane
and expressed as nmol/pg of protein.'

Measurement of the tissue protein levels

The total protein levels of the tissue samples were ana-
lyzed according to Bradford’s method using bovine serum
albumin as a standard.!”

Evaluation of plasma pentraxin-3 levels

Plasma pentraxin-3 (PTX3) levels were assessed in each
100-uL sample by the standard ELISA method at 450 nm
using a PTX3 kit (USCN Life Science Inc., Wuhan, China).
PTX3 levels were determined in duplicate according to the
manufacturer’s guide. The detection range for PTX3 assay
was 0.078-5 ng/mL.

Statistical analysis

Non-parametric variables were analyzed using the
Kruskal-Wallis test. Parametric variables were evaluated
with one-way ANOVA, followed by Tukey’s HSD test with
p < 0.05 accepted as statistically significant. SPSS v. 15.0
for Windows was used for analysis.

Results

The histopathological findings are shown in Fig. 1.
The ovaries of the torsion group (Group 2) were com-
pared with Group 1 according to the histopathological
findings. All of the histopathological parameters were
significantly higher in Group 2 (p < 0.01 and p < 0.0001).
In the torsion/GB group (Group 3), all these parameters
except edema were significantly decreased (p < 0.05)
compared with Group 2. Decreased edema was detected
in Group 3, but this difference did not reach statistically
significant levels (p > 0.05). Comparison of the torsion/
de-torsion group (Group 4) and the torsion/de-torsion
+ GB group (Group 5) revealed that all histopatho-
logical parameters were significantly lower in Group 5
(p < 0.05, p < 0.01). The histopathological scores are
listed in Table 1 and Fig. 2.

Tissue MDA and plasma PTX3 were evaluated as cell
injury markers. Group 3 had lower values than Group 2 and
these differences were statistically significant (p < 0.05).
Comparing Groups 4 and 5, Group 4 had higher values
than Group 5 and this difference was statistically signifi-
cant (p < 0.001). Tissue MDA and plasma PTX3 are shown
in Table 2 and Fig. 3.
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Fig. 1. Ovarian tissue sections of rats in Groups 1-5 are represented in pictures A-E, respectively. Hematoxylin and eosin staining was performed. Scale bars
represent 250 um

a - no pathological changes were detected in the sham group. (v) vessel, (sf) secondary follicle; b — edema (¥), vascular congestion (vc) in the 3-h torsion
group; ¢ — decreased edema and vascular congestion in the torsion + GB group; d — vascular congestion (vc), edema (¥) in the torsion/detorsion group;

e — decreased edema (*) in the torsion/de-torsion + GB group.
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m follicular degeneration
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Discussion

Ovarian torsion is a true gynecological emergency. Its
prevalence is about 3% and this is rising due to the use of in-
fertility treatments. Difficulties in diagnosis prolong the
time between the onset of symptoms and treatment. Once
a diagnosis of ovarian torsion is confirmed, immediate in-
tervention is necessary. Conservative treatment of the ovary
should be the first choice regardless of the tissue color.

After de-torsion of the twisted ovary, the tissue will
again receive blood supply and this could trigger further

Group 4

Fig. 2. Scores of histopathological

parameters by group
1.5
) ‘
0 h

Group 5

m vascular congestion

damage, known as ischemia/reperfusion injury. Once the
blood flow is disrupted, a series of events lead to tissue
injury and cell death. These processes are largely related
to energy production and utilization. Reduced energy de-
creases intracellular ATP levels. Ischemia induces anaero-
bic energy utilization, which causes an accumulation of the
products of anaerobic metabolism and reduces intracellu-
lar pH.® These processes are reversible if the blood supply
is reestablished. However, reperfusion of the tissue is not
a situation one should ignore. The reintroduction of ox-
ygen and energy into an ischemic cellular environment
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4 Fig. 3. Tissue MDA and plasma
pentraxin-3 levels by group
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Table 1. Histopathological parameters by group

Group 1
- control
(sham-operated)

Group 3
—torsion
+ GB group

Group 4
- torsion/de-torsion
group

Group 5
- torsion/de-torsion
+ GB group

Group 2
- torsion group

Histopathological parameters

Follicular degeneration 0.33 +£0.21 133 £0.21° 0.83 +0.16" 2334033 0.66 +0.217"
Vascular congestion 0.33 +0.21 23340217 1.0 +0.25" 2334033 0.66 +0.21"*
Edema 0.16 £0.16 1.66 +0.33" 1.33 £0.42° 2.0+0.36 1.0 £0.25
Hemorrhage 0.16 £0.16 1334021 0.66 +0.21* 1.5+0.22 0.66 £0.211
Infiltration by inflammatory cells 0.16 £0.16 116 +£0.16° 0.5 +£0.22" 1.33£0.33 0.5+0.22°F

"p <0.07,Group 2 vs Group 1; " p < 0.0001, Group 2 vs Group 1;* p < 0.05, Group 3 vs Group 2;? p > 0.05, Group 3 vs Group 2; T p < 0.05, Group 5 vs Group 4;

'p <0.01,Group 5 vs Group 4.

Table 2. Tissue MDA and plasma pentraxin-3 levels by group

Group 1
control (sham-
operated)

NSEEES

Group 2

- torsion group

Group 4
torsion/de-torsion
group

Group 5
torsion/de-torsion
+ GB group

Group 3
torsion + GB group

0.07 £0.009
1.21 £0.20

MDA [nmol/ug protein]

Plasma pentraxin-3 [ng/mL]

0.53 £0.16°
2.58 £0.14°

0.21 £0.04*
1.38 £0.297

0.56 £0.10"
119 +£0.18"

149 £0.18
3.5+0.36

MDA - malondialdehyde; “ p < 0.05, Group 2 vs Group 1; * p < 0.05, Group 3 vs Group 2; T p < 0.001, Group 5 vs Group 4.

can trigger cell injury by damaging cellular and organelle
membranes, including the mitochondria, by free radical
formation, by the aggregation of leukocytes and inflamma-
tory mediators, and by the activation of the pro-apoptotic
signaling cascade, and complement systems.>'#1% All these
processes are called ischemia/reperfusion injury.

The primary treatment of ovarian torsion is de-torsion
of the twisted ovary. However, due to the aforementioned
reperfusion damage, concomitant treatment modalities
with surgery are obviously required to reduce injury to the
ovarian tissue. In our study, we investigated the effects
of GB in I/R injury. Over 400 clinical trials have been per-
formed, looking at a variety of medicinal properties and
clinical uses to prevent or contribute beneficial effects for
the regression of several diseases.?’ Ginkgo biloba extracts,
such as terpene lactones and ginkgo flavone glycosides,

are purported to be responsible for the beneficial effects.?!
Terpene lactones not only inhibit the platelet-activating
factor due to selective antagonism, but also act as selective
use-dependent blockers of glycine-activated chloride chan-
nels in the central nervous system.?? In another study, the
authors studied GB leaves with high-performance liquid
chromatography and indicated that flavonoids in GB had
powerful antioxidant attributes.??

Gingko biloba bilobalide plays a crucial role in mito-
chondrial protection during ischemia. Bilobalide allows
the mitochondria to maintain respiratory activity at de-
creased oxygen levels, which delays ischemia-induced
injury.?* In our study, we also aimed to investigate GB’s
protector role for ischemic injury. We found that the GB
torsion group had lower histopathological scores than the
torsion-only group. Flavonoids also have antioxidative and
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radical scavenger effects. They decrease reactive oxygen
species and inhibit membrane lipid oxidation due to the
scavenging of superoxide anions, hydroxyl radicals, and
peroxyl radicals, and they prevent lipid peroxidation.?
Flavonoids also act as suppressors of the immune system
and reduce inflammatory cytokine production, especially
TNF-a, IL-1B, and prostaglandin E2.2° Our study is the
only one in the literature that has investigated the effect
of GB in I/R injury in ovarian tissue. We have reported
that GB certainly decreased I/R as well as ischemic in-
jury with improved histopathological parameters and tis-
sue and plasma oxidative stress markers in a rat model.
The rats which were administered GB had less follicular
degeneration, vascular congestion, edema, hemorrhage,
and infiltration by inflammatory cells compared with the
rats which were not administered GB.

Ginkgo biloba has been widely used in several studies.
The proper dosage of GB to initiate I/R injury protection
has not been described in the literature. In one study, no
significant adverse effects occurred in patients taking
600 mg of leaf extracts in single doses.?” In experimen-
tal animal studies, the dosage of GB has varied between
15 mg/kg and 400 mg/kg.?’-? We administered 80 mg/kg
of GB for each rat in order to evaluate its effects on I/R
injury. Although no significant adverse effects occurred
in patients taking 600 mg of leaf extracts in single doses,
GB is not definitely a safe herbal medicine, as mentioned
in one review, because it was reported that it could cause
epileptic seizures, unconsciousness, or paralysis of the legs,
and may even cause death because of ginkgotoxin, which
can be found especially in the GB seeds.3°

Tissue and plasma oxidative stress markers were also
compared between groups. There are several oxidative
stress markers, such as total antioxidant status, malondi-
aldehyde, myeloperoxidase, and 8-hydroxy dehydrogenase,
which can be investigated in tissue samples to evaluate
the tissue I/R injury. Malondialdehyde is one of the most
investigated markers in I/R injury. In several recent stud-
ies, MDA was used to evaluate tissue injury induced by I/R
oxidative stress.®~1% In our study, the elevated MDA levels
in the torsion and torsion/de-torsion groups were con-
sistent with the literature. Furthermore, the GB rats had
significantly lower MDA levels. These results demonstrate
that GB could be a beneficial supplementary medicine
for the prevention of I/R injury if our study is supported
by further clinical studies carried out on human beings.

In our study we used pentraxin-3 to evaluate the in-
flammatory process in rats. PTX3 is a glycoprotein that
belongs to the PTX family of acute-phase proteins, such
as C-reactive protein (CRP) and serum amyloid P com-
ponent (SAP). It has been widely studied in the diagnosis
of ischemic heart disease.”?"*? In a recent experimental rat
study, Akman et al. stated that PTX3 could be a specific
acute-phase reactant detected in ovarian injuries such as
ovarian torsion, and that it could be used as a diagnostic
marker.?® In this study, plasma PTX3 was significantly
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increased in the torsion and torsion/de-torsion groups.
To our knowledge, PTX3 could be a good marker for ovar-
ian injury. We also found that GB relieved I/R injury be-
cause of the lower values in the GB groups in comparison
with the non-GB groups.

In conclusion, our study is the first and only study
that investigates GB on ovarian I/R injury in a rat model.
At present, GB is already being used as a dietary supple-
ment, but could become a treatment modality for ischemia/
reperfusion injury along with de-torsion surgery if our re-
sults are also supported by further clinical studies. It could
be a useful dietary supplement or may become a new medi-
cine in the future which can also relieve ischemic injury.
Clinical studies with larger sample sizes are needed for
more valuable decisions.
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Abstract

Background. There is a need for experimental animal models for inflammatory bowel diseases (IBD), but
no proposed model has been unanimously accepted.

Objectives. The aim of this study was to develop 2 affordable models of IBD in rats and to compare them.

Material and methods. We produced IBD in rats using either dextran sodium sulfate (DSS) or 2, 4,
6-trinitrobenzene sulfonic acid (TNBS). The requirements for experimental models were: a predictable clinical
course, histopathology and inflammation similar to human ulcerative colitis (UC) and Crohn’s disease (CD).
The effect of acute administration of DSS and TNBS on oxidative stress (as measured by the assessment
of glutathione peroxidase — GPx) was verified. The activity of whole blood GPx was measured using a com-
mercially available Randox kit (Crumlin, UK).

Results. The administration of DSS increased GPx activity compared to the control and TNBS-treated
groups, but not to a statistically significant degree. Histological examination of the colonic mucosa following
the administration of DSS showed multifocal erosions with minimal to mild inflammatory infiltrate, mainly
by polymorphonuclear cells (PMN), lymphocytes and plasma cells. For TNBS-induced colitis, the histological
changes manifested as multifocal areas of ulcerative colitis with mild to severe inflammatory infiltrate. Whole
blood GPx values displayed a direct dependence on the chemical agent used. Our results show a correlation
between histopathology, proinflammatory state and oxidative stress.

Conclusions. The experimental DSS- or TNBS-induced bowel inflammation used in this study corresponds
to human IBD and is reproducible with characteristics indicative of acute inflammation in the case of the pro-
tocols mentioned.

Key words: animal model, colitis, dextran sodium sulfate, 2, 4, 6-trinitrobenzene sulfonic acid, inflamma-
tory bowel disease
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Introduction

Animal models can be a valuable tool in understand-
ing complex diseases such as ulcerative colitis (UC) and
Crohn’s disease (CD). Progress in the research for un-
derstanding the mucosal inflammation-immune bal-
ance of inflammatory bowel disease (IBD) has been
delayed by a lack of adequate experimental models.
No single IBD model captures the diversity of this hu-
man disease, but each of them provides valuable insight
into one main feature of IBD or another, and together
they contribute to the foundation of a largely accepted
set of pathogenetic principles which enhance the cur-
rent therapeutic approaches to CD and UC.! An “IBD
integrom” concept offers a solution for a better under-
standing of the 4 components of pathogenesis, namely,
genetic information (the genome); the surrounding en-
vironment (the exposome); the gut microbiota varia-
tions (the microbiome); and the intestinal immune re-
activity (the immunome).? Although the immunome
is the primary effector arm of inflammation in CD and
UC, having been well characterized through the IL-17/
IL-23 axis, other pathogenic processes could be impli-
cated in the first stage of the disease.?* Intestinal cells
die by necrosis and release many molecules which are
collectively named damage-associated molecular pat-
terns (DAMPs) — independent of pathogen-associated
molecular patterns (PAMPs) — leading to traditional mi-
crobial inflammation.? The release of DAMPs is intrinsic
to IBD; these biological products trigger sterile inflam-
mation in IBD mucosa affected by bleeding or ulcer for-
mation.” Moreover, there is a hypothesis that chronic
inflammation due to IBD could be a combination of tra-
ditional and sterile inflammations which is known
as unresolving inflammation.® In addition, another
process with contrasting results in IBD animal models
is the inflammasome pathway mediated by caspase-1
in 2,4,6-trinitrobenzene sulfonic acid-induced colitis.®’

A variety of agents could be used as inducers of colitis:
acetic acid, formalin, indomethacin, carrageenan, or im-
mune complexes.®? The 2 most widely used IBD inducers
inrodents are 2, 4, 6-trinitrobenzene sulfonic acid (TNBS)
—ethanol administered as an enema — and dextran sulfate
sodium (DSS) — often administered orally (although it can
also be administered rectally) — which evoke colitis and
immune inflammatory responses.}?-12

The sulfated polysaccharide of DSS is directly toxic
to the colonic epithelium. Thus, the short-term addi-
tion of DSS to drinking water leads to a very reproduc-
ible acute colonic inflammation as well as to a useful
model for a better understanding of UC innate immune
mechanisms.3

Intrarectal administration of a TNBS haptenating
agent allows the initiation of a transmural colitis which
mimics human CD and is useful for cytokine release pat-
terns, effective immunotherapy and for the exploration
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of mucosal homeostasis."'* Ample debate still exists
as to whether reactive oxygen species (ROS) are involved
in the pathogenesis of tissue lesions or are endogenously
produced as a consequence of damaged cells. Moreover,
in contrast with normal mucosa, significantly elevated
concentrations of ROS are found in the actively inflamed
mucosa of patients.'®> Extracellular glutathione peroxidase
(E-GPx) is a selenoenzyme that reduces organic perox-
ides, and hydrogen peroxide.!® GPx activity in humans
is attributable to E-GPx. The gastrointestinal (GI) tract
also produces and secretes E-GPx into the extracellular
environment.

Animal models of IBD remain essential to the proper
understanding of the histopathological shift in the GI tract
and also play a key role in the development of novel anti-
dotes for IBD.11718

The aim of the study was to reproduce 2 models of IBD
in rats in order to evaluate GPx activity during GI tract in-
flammation and to characterize the morphological changes
occurring in the colonic wall. The DSS model could be
valuable for the study of human UC, while the TNBS model
is important for human CD.

Material and methods

In this experiment, 15 male Wistar rats weighing 200—
—290 g were used, in accordance with Directive 2010/63/EU
of the European Parliament and the Council on the Pro-
tection of Animals used for Scientific Purposes. The ani-
mals were obtained from the Laboratory Animals Biobase
of the University of Agricultural Sciences and Veterinary
Medicine from Cluj-Napoca, Romania. They were main-
tained in a restricted access room and were housed in plas-
tic cages under standard laboratory conditions (room tem-
perature of 22°C, humidity of 50-60%, with a controlled
12-h light/dark cycle). They had free access to standard
laboratory rodent formula pellets.

The rats were randomized into 3 groups, with 5 rats
in each one. Group 1 received tap water; Group 2 received
5% DSS (MW 5000 Da, Sigma, St. Louis, USA) in their
drinking water for 7 days; Group 3 intrarectally received
a single dose of 100 mg/kg of TNBS (1 M, 293.17 mg/mL,
product No. 92822, Fluka, Buchs, Switzerland) diluted
in 50% ethanol to a concentration of 31.25 mg/mL, and had
free access to tap water. The total volume instilled varied
between 0.64—0.8 mL according to the rats’ weight. Under
anesthesia (10 mg/kg of xylazine and 100 mg/kg of ket-
amine, 1 M), the TNBS was instilled into the colon lumen
via a polyethylene catheter (3-millimeter outer diameter)
fitted onto a 1-milliliter syringe, introduced so that the tip
was approx. 10 cm proximal to the anus. After instillation,
the rats were held with the head down for 1 min to pre-
vent TNBS from leaking out, and they were maintained
in a head-down position at 45° until they recovered from
the anesthesia.
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The animals were observed daily and checked for fecal
consistency. Also, water consumption and weight changes
were monitored. On day 8 of the experiment, under deep
anesthesia, blood samples were collected by cardiac punc-
ture and all the animals were euthanized. Laparotomy
was performed and the colon was removed as a whole and
placed in a Petri dish containing a saline solution. The co-
lon length was measured; the total length was calculated
from the cecocolic junction to the rectum at the synphisic
bone. Then the colon was opened along the mesenteric
side and the luminal colonic surface was gently washed
with an iso-osmotic saline solution to remove residual lu-
minal content; then it was weighed. It was next immersed
in a 10% neutral buffered formalin solution (Chempur,
cat. No. 200-001-8, Piekary Slaskie, Poland) for 48 h, then
trimmed into 3 equal segments (representing the proxi-
mal, middle and distal colon) and processed for routine
light microscopy according to standard procedures.

Histopathology

The samples were dehydrated in ethanol baths with
ascending concentrations, cleared in xylene and embed-
ded in low-melting-point paraffin wax following routine
laboratory protocol.’ Multiple 4-micron sections were
cut from the resulting paraffin blocks and stained with
hematoxylin and eosin (H&E). Microscopic images were
captured with an Olympus BX41 optical microscope cou-
pled with an Olympus UC30 digital camera (Olympus,
Hamburg, Germany). Finally, the images were processed
by Stream Basic software (Olympus Soft Imaging Solution
GmbH, Miinster, Germany).

Histological semiquantitative analysis

The severity of induced colonic inflammation was graded
morphologically using a semiquantitative scale by the same
histopathologist in a single-blind fashion. We employed
the histological scoring system previously described
by Rachmilewitz for grading the severity of DSS- and TNBS-
induced colitis in rodents.?° This grading system considers
the following 5 structural parameters scored on a scale of 0
to 4: depth and extent of the ulcer, presence of inflammation,
extent of inflammation, and location of fibrosis (Table 1).

Table 1. Criteria for scoring the histological lesions

| Presence of inflammation | Extent of inflammation
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GPx activity assay

GPx activity was measured using a RANSEL kit (Randox
Laboratories LTD., cat. No. RS504, Crumlin, UK) at 37°C
on a Cobas Mira Plus (Roche, Basel, Switzerland) analyzer

at 340 nm. The assay is based on the previously described
method.?!

Hemoglobin concentration assay

The hemoglobin (Hb) concentration was determined
by the Drabkin method.??

Statistical methods

Descriptive and inferential statistics were used in our
study. For the statistical analysis of data, Rv. 3.2.4 (A Lan-
guage and Environment for Statistical Computing, R Core
Team, R Foundation for Statistical Computing, Vienna,
Austria) and STATISTICA v. 6 (StatSoft, Tulsa, USA) soft-
ware was used. Student’s t-test was used and the equality
of variances was previously tested by Levene’s test. Because
multiple groups were compared, the significance level ()
chosen for all independent t-tests was equal to 0.02.

To evaluate the differences in repeated measurements
of body weight, we used a paired t-test. Because there were
7 occasions, the significance level was adjusted after a Bon-
ferroni correction, and it was equal to 0.01. The results
of the paired t-test were considered significant if p < 0.01.

In order to evaluate the colon length differences
in the 3 groups, the Kruskal-Wallis and Mann-Whitney
tests were used. Because of the multiple comparisons,
the significance level was adjusted after a Bonferroni cor-
rection, and it was equal to 0.02. The statistical signifi-
cance was set at p < 0.02.

The Pearson correlation coefficient (r) was also used
to study the degree of correlation between the 2 quantita-
tive variables.

All animal care and experimental protocols used in this
study were approved by the Ethics Committee of “Iuliu
Hatieganu” University, Cluj-Napoca, Romania (Ethics
Committee approval No. 74/20.02.2014). All applicable
international, national and/or institutional guidelines
for the care and use of animals were followed.

Location of fibrosis

Score Depth of the ulcer Extent of the ulcer
0 absence of ulcer absence of ulcer
1 mucosal involvement punctate

mucosal and submucosal o
2 ; minimal
involvement
enetration
3 P ) ) moderate
of muscularis propria
penetration .
4 A ) widespread
of muscularis propria

absence of inflammation

minimal mucosal mucosa only
) mucosal/submucosal
mild ) mucosa submucosa
involvement
mucosal/submucosal and ) )
moderate including muscle layer

absence of inflammation absence of fibrosis

muscle involvement

severe full thickness involvement full thickness fibrosis
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Results

After DSS or TNBS inoculation, the rats showed dif-
ferences in colon weight/length, Hb concentration and
GPx activity (Table 2). In the DSS and TNBS rat mod-
els, the whole blood GPx activity was higher compared
to the control rats (in accordance with those of other stud-
ies), but not statistically significantly higher in the TNBS-
inoculated rats (Table 1).1523

Comparisons of clinical parameters among
the study groups

The Student’s t-test for the global comparison of the con-
trol and DSS-treated rats indicated statistically significant
differences in Hb levels in the 2 groups (t-test assuming
unequal variances, t = -2.86; df = 8; p = 0.02). The mean
level of Hb concentration was higher (14.32 g/dL) among
the DSS-treated group compared to the controls (12.58 g/dL).
The mean level of Hb concentration in the DSS-treated
group (14.32 g/dL) was significantly higher (t = 4.846;
df = 8; p = 0.001 < 0.02) compared to the TNBS group
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(11.89 g/dL). Mean Hb levels were lower (11.89 g/dL), but
not to a statistically significant degree, in the TNBS-treat-
ed group compared with controls (12.58 g/dL).

The mean colon weight was significantly different
(t = -5.25; df = 8; p = 0.001 < 0.02) in the control rats
(2.38 g) compared to Group 3 (3.87 g). Mean colon weight
values were significantly different (t = -4.61; df = 8;
p =0.002 < 0.02) in the TNBS-treated group (3.87 g) com-
pared to the DSS-treated group (2.52 g).

Next, the differences in colon length in the 3 groups
were established. The Kruskal-Wallis test indicated statis-
tically significant differences among the 3 studied groups
(x* = 10.25; df = 2; p = 0.006 < 0.05). These statistically
significant differences between the colon length (cm)
values in Groups 1 and 3 were confirmed by a post-test
analysis (Mann-Whitney test; p = 0.019 < 0.02). We ob-
served lower mean colon length levels in the TNBS-treat-
ed group compared to the controls (mean rank = 3.40 vs
7.60). Other statistically significant differences between
the colon length (cm) values in the TNBS-treated group
compared to the DSS-treated group (mean rank = 3 vs 8)
were identified and validated by the Mann-Whitney test
(p = 0.007 < 0.02).

Mean; Whisker: mean +0.95 conf. interval
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Fig. 1. Total weight evolution in studied groups over 1 week

1 — control group; 2 — DSS-treated group; 3 — TNBS-treated group.
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We also established a good negative linear correla-
tion between colon weight and colon length (r = -0.54;
p = 0.038 < 0.05).

There were no statistically significant differences in GPx
activity between the control group and the DSS group
(t = -0.53; df = 8; p = 0.612), between the controls and

the TNBS-treated group (t = 0.96; df = 8; p = 0.364), or be-
tween DSS- and TNBS-treated groups (t = 1.87; df = 8;
p = 0.099).

In the TNBS-treated group, significant differences
in body weight were found between the initial level (Wd0)
and day 1 (Wd1) (paired-sample t-test, t = 7.55; df = 4;
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Fig. 2. Histopathological micrographs of DSS-induced colitis

A - general view of the colon, presenting multiple superficial erosions (arrows) and minimal inflammatory infiltrate located in the lamina propria;

B — detail of the delineated area from image A, presenting superficial erosions (arrow) and discrete edema accompanied by mixed inflammatory infiltrate
in the lamina propria; C — detail of the lamina propria with mixed inflammatory infiltrate represented by polymorphonuclear cells (PMN), lymphocytes
and plasma cells; D — horizontal cross-section through intestinal mucosa presenting the interstitial inflammatory infiltrate and minimal fibrosis; £ — detail
of the delineated area from image D proves discreet interstitial fibrosis and mild inflammatory infiltration with PMN and mononuclear cells; H&E stain,
OBX-4 for image A (scale bar = 400 um), OBX-20 for images B and D (scale bar = 80 um), OBX-100 for image C (scale bar = 50 um), and OBX-40 for image E

(scale bar =40 um).
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p =0.002 < 0.01). The mean body weight value was signifi-
cantly lower in the second evaluation (279.2 g) compared
to the initial one (294.6 g).

Furthermore, in the TNBS-treated group there were also
significant differences between Wd0 and Wd2 (paired-
samples t-test, t = 14; df = 4; p = 0.0001 < 0.01). We ob-
served a lower level of Wd2 (271.60 g) compared to WdO
(294.60 g). The findings are the same for the 3™- and 4t"-
day body weight measurements (Fig. 1).

Macroscopic findings

After the 7-day cycle of DSS administration, the mu-
cosa presented focal congestion and superficial erosions
in the middle and distal colon.

At 7 days after TNBS inoculation, we observed dif-
fuse congestion, deep ulcers (single or multiple) — located
in the middle and distal colon — multifocal ulcerative colitis,
and ulceration areas coated by an adherent fibrinous mate-
rial. The colon lymph nodes were congested and edematous.

Histological findings
Following the administration of DSS, the colonic mu-

cosa showed multifocal ulcerative colitis-like lesions which
tended to occur more in the posterior part of the colon

Table 2. Colon weight, colon length, hemoglobin concentration, and GPx
activity in study groups

Parameter | Group | Mean +SD
1 2.38+044
Colon weight 5 251 4047
le]]
3 3.87 £046
1 22.8+148
Colon length 2 24.8+148
[em]
3 20.80 £0.44
1 12.58 £1.12
Hg
+
[g/dL] 2 14.32 +0.76
3 11.89 +£0.82
1 969.38 +£152.06
GPx
+
[U/gHb] 2 1013.11 £105.76
3 890.78 £101.25

1 - control; 2 — dextran sodium sulfate; 3 - 2, 4, 6-trinitrobenzene sulfonic acid;
SD - standard deviation; GPx — glutathione peroxidase.

(Fig. 2). The mucosal erosions were superficial, associated
with discrete hyperemia and edema of the lamina pro-
pria. The inflammatory infiltrate was diffusely distributed
in the mucosa, without any apparent connection to the ul-
cerative foci. The inflammatory population was discreetly
present, being composed by a mixture of polymorpho-
nuclear cells, lymphocytes and plasmocytes. Also, discreet
interstitial fibrosis and crypt dilatation were observed.

For the TNBS-induced colitis, the histological changes
presented as multifocal areas of ulcerative colitis covered
by a mixture of cellular debris, fibrin, blood, and polymor-
phonuclear cells. The ulcerative lesions were deep, involving
the mucosa and submucosa of the colon. The ulcers and
associated inflammation frequently displayed a transmural
pattern, inducing an overall thickening of the colonic wall.
Severe villous atrophy with crypt distortion, polymorphonu-
clear cells and rare mononuclear leukocytes were observed
to infiltrate the lamina propria, the muscularis mucosae
and the submucosa (Fig. 3). Marked fibrosis of the mucosa,
with disruption of the muscularis mucosae and extension
through the submucosa, accompany the ulcerative process.

Statistically significant differences in the histological
score were found. The mean values of histological scores
and also the total score were higher in the TNBS group
than in the DSS group (Table 3).

Discussion

Using DSS, a polyanionic derivative of dextran, the in-
duced colonic inflammation starts distally after around
5 days and the lesions are confined to the colonic mucosa.
DSS has a direct effect on the inner mucus layer and allows
bacteria to penetrate it before any signs of inflammation
are observed.’®

DSS colitis is used to explore the role of inflammasome
stimulation and Th-17 responses, or dectin receptors and
Toll-like-receptor-initiated immune mechanisms.?4-26

Also, DSS models could serve for the activation of epi-
thelial TLR4 and releasing factors — which have positive
effects and reduce the severity of DSS colonic inflam-
mation — as well as for numerous intracellular signaling
pathways.?”28 The DSS-induced colitis in rodents quanti-
fies the process of colonic cancer in relation to IBD.?3°
Using DSS to induce colitis in Wistar rats, Kishimoto
et al. mentioned that it was histologically similar to active

Table 3. Comparison of histological scores between the TNBS- and DSS-treated rat groups

Mean +SD
criterion depth of the ulcer | extent of the ulcer of ir?frlzs:re"r:;ion of infT:::rr:\tation location of fibrosis total score
DSS 1 1.6 £0.89 14 £0.54 1 0.6 £0.54 5.6 £1.34
TNBS 2.2+0.83 2.6 £0.54 2.6 £0.54 3.2+044 2 12.6 £0.89
p-value 0.048 0.143 0.048 0.008 0.008 0.008

DSS — dextran sodium sulfate; TNBS — 2, 4, 6-trinitrobenzene sulfonic acid.
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human ulcerative colitis.?! After 6 days of 4% DSS admin-
istration in Sprague-Dawley rats, Gaudio et al. reported
focal erosions of the epithelium with slight crypt dilata-
tion and lesions similar to the ones found in our study.?’
Chen et al. developed a model of colitis in Sprague-Dawley
rats using 2% DSS for 3 days followed by an intracolonic
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Fig. 3. Histopathological micrographs of TNBS-induced colitis

administration of 30% ethanol, which produced severe
ulceration and inflammation of the distal part of the rat co-
lon, histologically characterized by increased specific infil-
tration, the presence of cryptic abscesses, and dysplasia.3?

TNBS is a nitroaryl oxidizing acid with extreme oxidiz-
ing properties; when dissolved in ethanol, it induces severe

sy i)
e B

A - the margin of an ulcerative area involving the mucosa and submucosa of the colon; the massive inflammatory infiltrate extends through the muscularis
layer. The adjacent mucosa present crypt dilation and distortion; B — detail of the delineated area from image A presenting the superficial part of the ulcer
with epithelial regeneration (arrow), massive infiltration with PMN cells (¥) and young, well-oriented granulation tissue; C — a high power view of the deep
areas of the ulcer containing many PMN cells and rare mononuclear leukocytes; D — severe atrophy and fibrosis of the mucosa, with crypt distortion.

Many polymorphonuclear cells are infiltrating the lamina propria, muscularis mucosa and submucosa; E — detail of the lamina propria from image D
presenting severe fibrosis and inflammatory infiltration with PMN cells (*) and rare mononuclear leukocytes (arrow); H&E stain, OBX-10 for images A and D
(scale bar =400 pum), OBX-40 for images B and E (scale bar = 80 um), OBX-100 for image C (scale bar = 50 um).
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colonic necrosis surrounded by acute inflammation areas.
TNBS reduces mucosal hydrophobicity by reacting with
the surface-active phospholipids of the colonic mucosa,
thus inducing colonic inflammation.33 Ethanol is very
commonly used as a “barrier breaker” by increasing muco-
sal permeability. A failure in this barrier may resultin intes-
tinal inflammation, most likely through exposure to fecal
antigens.?? In TNBS-induced colitis in rats, the inflamma-
tory response includes mucosal and submucosal infiltra-
tion by lymphocytes, macrophages, polymorphonuclear
leukocytes, connective tissue mast cells, and fibroblasts.?*
The TNBS model highlights the fact that the loss of im-
mune tolerance could lead to chronic intestinal inflam-
mation. Moreover, modulation of the regulatory immune
cells acts as a potential treatment method for the proper
management of inflammatory intestinal disorders.> Addi-
tionally, this colitis model served as a source of knowledge
about the cytokine profile in human IBD and also as a way
to treat the disease in humans. Moreover, it continues to be
an advantageous platform for studying the fundamental
aspects of human IBD in terms of its spontaneous fibrosis
and resolution.! The activation of the immune system leads
to the increased production of proinflammatory cytokines,
such as IL-17, TNF-a, IL-1p, IL-6, and IL-21, ROS, and
prostaglandins contributing to a chronic inflammatory
process.'®

In our study, the lesions produced by TNBS were
characterized by a higher histological score for all cri-
teria than the ones generated by DSS; in 4 of the 5 crite-
ria, the histological scores were statistically significant.
In the DSS group, the highest histological score (1.6 +0.89)
was recorded for the criterion which described the ex-
tent of the ulcer, in most cases with a punctuate aspect.
For the TNBS group, the highest histological score
(3.2 +0.44) was recorded for the extent of inflammation,
characterized mostly by mucosal/submucosal and muscle
involvement. Significantly reduced colon length as a result
of muscular contraction compared to controls was also
reported by Gaudio et al. in rat experimental colitis after
oral DSS administration.?

Conclusions

The experimental DSS- or TNBS-induced bowel inflam-
mation used in this study corresponds to human IBD and
is reproducible with characteristics indicative of acute in-
flammation in the case of the protocols mentioned.
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Abstract

Background. The coexistence of seizures and arterial hypertension requires an adequate and efficacious
treatment involving both protection from seizures and reduction of high arterial blood pressure. Accumulat-
ing evidence indicates that some diuretic drugs (with a well-established position in the treatment of arterial
hypertension) also possess anticonvulsant properties in various experimental models of epilepsy.

Objectives. The aim of this study was to assess the anticonvulsant potency of 6 commonly used diuretic
drugs (i.e., amiloride, ethacrynic acid, furosemide, hydrochlorothiazide, indapamide, and spironolactone)
in the maximal electroshock-induced seizure threshold (MEST) test in mice.

Material and methods. Doses of the studied diuretics and their corresponding threshold increases were
linearly related, allowing for the determination of doses which increase the threshold for electroconvulsions
in drug-treated animals by 20% (TID; values) over the threshold in control animals.

Results. Amiloride, hydrochlorothiazide and indapamide administered systemically (intraperitoneally —i.p.)
increased the threshold for maximal electroconvulsions in mice, and the experimentally-derived TIDy, values
in the maximal electroshock seizure threshold test were 30.2 mg/kg for amiloride, 68.2 mg/kg for hydro-
chlorothiazide and 3.9 mg/kg for indapamide. In contrast, ethacrynic acid (up to 100 mg/kg), furosemide
(up to 100 mg/kg) and spironolactone (up to 50 mg/kg) administered i.p. had no significant impact on the
threshold for electroconvulsions in mice.

Conclusions. The studied diuretics can be arranged with respect to their anticonvulsant potency in the MEST
test as follows: indapamide > amiloride > hydrochlorothiazide. No anticonvulsant effects were observed for
ethacrynic acid, furosemide or spironolactone in the MEST test in mice.

Key words: diuretic drugs, threshold for electroconvulsions, TID; values
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Introduction

Arterial hypertension is the most common cardio-
vascular disease affecting approx. 26% of the worldwide
population, and thus, it is a major public health problem
in both developed and developing countries.! In contrast,
epilepsy is a serious neurological disorder affecting ap-
prox. 1% of the population in every country throughout
the world.? The coexistence of both diseases (seizures and
hypertension) requires adequate and efficacious treatment
which simultaneously protects against seizures and re-
duces arterial blood pressure. In such cases, a combined
treatment of antihypertensive and antiepileptic drugs
is prescribed for these patients. However, any combined
pharmacotherapy is associated with the appearance of in-
teractions, whose nature may be pharmacodynamic, phar-
macokinetic, or mixed.? The most notable group of drugs
with a well-established position in the treatment of arterial
hypertension are diuretics.*

Accumulating experimental evidence indicates that
some diuretic drugs also possess anticonvulsant properties
in various experimental models of epilepsy.>~8 Previously,
it was discovered that amiloride, hydrochlorothiazide and
indapamide (3 classical diuretics) elevated the threshold for
maximal electroconvulsions in experimental animals.”~!!
Unfortunately, the anticonvulsant properties of the di-
uretics were not directly compared to each other. How-
ever, to unequivocally assess the anticonvulsant potential
of agents or drugs that increase the threshold for electro-
convulsions, Swinyard et al. recommended determining
doses of the compounds that increase the electroconvulsive
threshold in drug-treated animals 20% over the threshold
in control animals (i.e., TID,, values).!? Thus, the TID,, val-
ues allow researchers to precisely assess the anticonvulsant
potency of drugs or agents in preclinical studies.!?!3

Considering the abovementioned facts, it was of pivotal
importance to determine the TID,, values for 6 common-
ly prescribed diuretics (i.e., furosemide, spironolactone,
amiloride, ethacrynic acid, hydrochlorothiazide, and in-
dapamide) in the maximal electroshock-induced seizure
threshold (MEST) test in mice in order to assess their an-
ticonvulsant potency in this seizure model. There is no
doubt that diuretic drugs with anticonvulsant properties
can be preferentially recommended for patients with both
high arterial blood pressure and seizures.

Material and methods
Animals and experimental conditions

Experiments were performed on adult male albino Swiss
mice weighing 22-26 g. The experimental protocol de-
scribed in this study conformed to the “Guide for the Care
and Use of Laboratory Animals” and was approved by the
Local Ethics Committee.'

K. Zatuska, M. Kondrat-Wrébel, J. tuszczki. Anticonvulsant effects of diuretic drugs

Drugs

Ethacrynic acid, indapamide and spironolactone (all
3 drugs from Sigma-Aldrich, Poznan, Poland) as well as
hydrochlorothiazide (Polpharma S.A., Starogard Gdanski,
Poland) were suspended in a 1% solution of Tween 80 (Sig-
ma-Aldrich) in distilled water. Amiloride hydrochloride
hydrate (Sigma-Aldrich) and furosemide (for injection
10 mg/mL; Polpharma S.A.) were dissolved in distilled
water. All diuretic drugs were administered intraperito-
neally (i.p.) in a volume of 0.005 mL/g body weight as fol-
lows: ethacrynic acid and furosemide at 30 min before the
MEST-induced seizures, amiloride at 60 min before, and
hydrochlorothiazide, indapamide and spironolactone at
120 min before.

Maximal electroshock seizure threshold
test and the calculation of threshold
increasing doses by 20% (TID,,) values

Seizure activity (electroconvulsions) was evoked by a cur-
rent (sine-wave, 0.2 s stimulus duration, 50 Hz, 500 V)
delivered via auricular electrodes by a Rodent Shocker
generator (Hugo Sachs Elektronik, Freiburg, Germany).!®
To assess the threshold for maximal electroconvulsions,
4 groups of mice (8 mice per group) were subjected to elec-
troshocks of varying intensities (ranging from 4 to 10 mA)
to yield seizures in 10—30%, 30—50%, 50—70%, and 70—90%
of animals. The log-probit method was used to calculate
the median current strength (CSso [mA]), representing
the current intensity necessary to induce tonic hind limb
extension in 50% of the mice challenged.!® The threshold
(CSsq values) for maximal electroconvulsions in mice re-
ceiving amiloride, ethacrynic acid, furosemide, hydrochlo-
rothiazide, indapamide, and spironolactone (all diuretics
in increasing doses), were experimentally determined as
described in detail previously.'”!® Subsequently, the per-
centage of increase in CSgy values for animals injected
with increasing doses of diuretics over the control CSs
value was calculated. The doses of diuretics and their re-
sultant percentage of threshold increase over the control
were graphically plotted in rectangular coordinates of the
Cartesian plot system and examined with the least-squares
linear regression analysis. From linear regression equa-
tions, the TID,, values were calculated as recommended
earlier.!>13

Statistics

The CS5q values with their standard error of mean (SEM)
were statistically analyzed with one-way analysis of vari-
ance (ANOVA) followed by the Tukey-Kramer post-hoc
test. Differences among values were considered statistically
significant if p < 0.05.
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Results

Effects of various diuretic drugs
on the threshold for maximal
electroshock-induced seizures

Amiloride administered systemically (i.p.) at doses of 5,
10, 50, 75, and 100 mg/kg elevated the threshold for MEST-
induced seizures over the controls by 11.2%, 12.7%, 24.2%,
37.2%, and 51.2%, respectively (Table 1). With one-way ANO-
VA and the Tukey-Kramer post-hoc test, only amiloride
(100 mg/kg) significantly raised (p < 0.05) the threshold
for electroconvulsions in mice (f (5; 90) = 2.889; p = 0.0182)
(Table 1). Similarly, hydrochlorothiazide administered i.p.
at doses of 25, 50 and 100 mg/kg increased the threshold
for maximal electroconvulsions by 11.5%, 15.4% and 26.9%,
respectively (Table 1). Statistical analysis of data with one-
way ANOVA revealed that hydrochlorothiazide (100 mg/
kg) significantly elevated (p < 0.05) the electroconvulsive
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threshold in mice (f (3; 76) = 2.535; p = 0.0631) (Table 1).
Moreover, indapamide administered i.p. at doses of 1.5,
3 and 6 mg/kg raised the threshold for MEST-induced
seizures by 2.2%, 12.1% and 37.4%, respectively (Table 1).
In this case, indapamide (6 mg/kg) significantly increased
(p < 0.05) the threshold for electroconvulsions in mice
(f(3; 60) = 3.718; p = 0.0161) (Table 1). In the case of ethac-
rynicacid, the drug at a maximally tested dose of 100 mg/kg
elevated the threshold only by 5.9%, which was not statisti-
cally significant (Table 1). In contrast, furosemide and spi-
ronolactone (both at a maximally tested dose of 100 mg/kg)
decreased the threshold for electroconvulsions in experi-
mental animals in the MEST test. The observed changes,
however, were not statistically significant (Table 1).
Subsequently, the doses of amiloride, hydrochlorothia-
zide and indapamide were linearly related to the threshold
increases, and the respective equations describing these re-
lations are illustrated in Fig. 1. The experimentally-derived
TID,, values in the MEST test in mice were 30.2 mg/kg

Table 1. Influence of 6 diuretic drugs in the maximal electroshock seizure threshold test in mice

Drug [mg/kg] CSso [mA]
Control 592 +0.77
Amiloride (5) 6.58 +0.59
Amiloride (10) 6.67 £0.61
Amiloride (50) 7.35 +£0.45
Amiloride (75) 8.12+0.72
Amiloride (100) 8.95 £0.53*
Control 6.8 £0.61
Ethacrynic acid (50) 70+0.72
Ethacrynic acid (100) 7.2 +0.62
Control 4.89 +0.40
Furosemide (50) 476 +045
Furosemide (100) 484 +0.36
Control 5.2+0.37
Hydrochlorothiazide (25) 5.8+0.29
Hydrochlorothiazide (50) 6.0 +0.35
Hydrochlorothiazide (100) 6.6 £0.40%
Control 5.54 £0.42
Indapamide (1.5) 5.66 +0.51
Indapamide (3.0) 6.21 £0.48
Indapamide (6.0) 7.61 £0.55%
Control 5.5 +047
Spironolactone (12.5) 544042
Spironolactone (25) 524035
Spironolactone (37.5) 51+045
Spironolactone (50) 5.0+0.40
Spironolactone (100) 4.8 +046

Tl [%] One-way ANOVA
1.2
12.7 f(5,90) = 2.889;
24 p=0.0182
37.2
51.2
50 f(2; 53) = 0.0976;
: p =0.9072
59
57 f(2;45) =0.0168;
p=09833
1.0
1.5 f(3;76) = 2.535;
154 p=0.0631
269
2.2 f(3;60) =3.718;
121 p=0.0161
374
-1.8
=55 f (5, 74) = 0.2891;
73 p=09176
—91
—-12.7

Results are median current strengths (CSso [mA] £SEM) necessary to produce tonic convulsions in 50% of the animals tested; control groups of animals
received a vehicle (1% of solution of Tween 80 in distilled water); n — number of animals tested at those current strength intensities whose seizure effects
ranged between 16% and 84%; T| — threshold increasing values are presented as percentage of increase in CSsq values for animals injected with increasing
doses of diuretics over the control (vehicle-treated) animals; statistical analysis of data was performed with one-way ANOVA followed by the Tukey-Kramer

post-hoc test;* p < 0.05 vs the control (vehicle-treated) animals.
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Fig. 1. Linear regression analysis of doses of various diuretic drugs and
their corresponding threshold increases in the MEST test in mice

y — threshold increase [%]; x — dose of the diuretic; R2 — coefficient
of determination. The dashed line reflects the TID20 values (threshold
increasing doses by 20%) in the MEST test.

for amiloride, 68.2 mg/kg for hydrochlorothiazide
and 3.9 mg/kg for indapamide, respectively.

Discussion

Results indicate that there was a close correlation be-
tween the doses of 3 diuretic drugs (i.e., amiloride, hydro-
chlorothiazide and indapamide) and their anticonvulsant
properties in mice subjected to the MEST test. In this
study, linear regression analysis allowed for the determina-
tion of the TID,, values for amiloride, hydrochlorothiazide
and indapamide. In the case of ethacrynic acid, the drug
had no impact on the threshold for electroconvulsions.
In contrast, furosemide and spironolactone diminished
the threshold for electroconvulsions in mice, although
the data did not reach the level of statistical significance.

Of note, the TID,, values presented in this study for di-
uretic drugs can be readily compared to those reported ear-
lier for some second-generation antiepileptic drugs (AEDs).
The TID,, values for some AEDs were as follows: 70 mg/kg for
gabapentin,'® 44 mg/kg for levetiracetam,' 103.2 mg/kg for
stiripentol,?® 4.4 mg/kg for tiagabine,'” and 226.2 mg/kg
for vigabatrin.!”!8 A direct comparison of TID,, values
of the second-generation AEDs with those calculated for
the 3 diuretics revealed that indapamide has the lowest
TID,, value (3.9 mg/kg). In contrast, gabapentin, leveti-
racetam, stiripentol, and vigabatrin have higher TID,, val-
ues than those calculated for amiloride (30.2 mg/kg). In the
case of hydrochlorothiazide, its TID,, value (68.2 mg/kg)
is lower than that of gabapentin, stiripentol and vigaba-
trin in the MEST test. Thus, considering the anticonvul-
sant potency of the studied diuretics, the drugs can be
arranged from the lowest to the highest TID,, values as
follows: indapamide > amiloride > hydrochlorothiazide.
This comparative study allowed for the assessment of the
most favorable diuretic drug with the lowest TID,, value
(indapamide), which is effective in suppressing MEST-
induced tonic seizures in experimental animals.

K. Zatuska, M. Kondrat-Wrébel, J. tuszczki. Anticonvulsant effects of diuretic drugs

There is another fact worth keeping in mind while
translating the results from this study to a clinical set-
ting. Since the TID,, value for indapamide in mice was
3.9 mg/kg, it can be readily converted to a dose of indap-
amide used in humans, according to the method presented
by Reagan-Shaw et al.?! The converted dose of indapamide
for a 60 kg human should be 18.72 mg (i.e., 0.312 mg/kg
of body weight). The recommended maximum daily dose
of indapamide in humans is 5 mg.?? Thus, it seems that
the anticonvulsant effects of indapamide would appear
if the daily dose of indapamide exceeded ~4 times the
recommended maximum. Similarly, the TID,, values
for amiloride and hydrochlorothiazide were 30.2 mg/kg
and 68.2 mg/kg, respectively. Thus, the corresponding
doses of the diuretics in a 60 kg human should amount
to 145 mg for amiloride and 327.4 mg for hydrochlorothia-
zide. The recommended maximum daily dose of amiloride
is 20 mg,? and for hydrochlorothiazide it is 100 mg,?* so
the anticonvulsant effects of amiloride would be expect-
ed if the daily dose exceeded ~7 times the recommended
maximum, and that of hydrochlorothiazide ~3 times.
We are fully aware of such limitations in translational
studies. However, it has to be noted that diuretic drugs
cannot be used alone as anticonvulsant agents in patients
with epilepsy, but always in combination with classical and
novel AEDs in order to provide epilepsy patients with the
most effective treatment against both arterial hypertension
and seizures. Obviously, combinations of diuretics and
AEDs always produce interactions of a pharmacodynamic,
pharmacokinetic, or mixed nature.®> However, preclinical
studies on animals allowed us to characterize the interac-
tions between diuretics and AEDs. For instance, it has been
reported that indapamide significantly potentiated the an-
ticonvulsant action of carbamazepine, phenobarbital and
valproate, although the effects observed for phenobarbital
in the mouse maximal electroshock seizure (MES) model
were of a pharmacokinetic nature.!! Only the interactions
between indapamide and carbamazepine and valproate
were pharmacodynamic in the mouse MES model, suggest-
ing their clinical applicability in epilepsy patients.! In the
case of hydrochlorothiazide, the diuretic drug exclusively
enhanced the anticonvulsant activity of carbamazepine
in the mouse MES model.!’ As regards amiloride, the drug
potentiated the anticonvulsant activity of carbamazepine,
oxcarbazepine, phenobarbital, topiramate, and valpro-
ate in the mouse MES model.® Unfortunately, amiloride
pharmacokinetically potentiated the effects of carbam-
azepine, oxcarbazepine and phenobarbital in mice chal-
lenged with the MEST test. Only the pharmacodynamic
interactions between amiloride and topiramate, and
valproate deserve recommendation for their clinical use
in epilepsy patients.

In conclusion, indapamide — with the lowest TID,, value
in the mouse MEST test — deserves recommendation for
clinical use as an add-on therapy in epilepsy patients who
additionally require the application of diuretic drugs.
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Abstract

Background. Music therapy as an adjunct to treatment s rarely used in perinatology and obstetrics, despite
the proven therapeutic effect. Auditory stimulation through music positively impacts the health of adults
and infants, its special role being observed in the development of prematurely born neonates. It is equally
interesting how music impacts fetuses.

Objectives. The aim of this study is to assess the parameters of fetuses through cardiotocographic recording
in women in the 3" trimester of pregnancy while listening to Pyotr Tchaikovsky's “Sleeping Beauty” and
“Swan Lake.”

Material and methods. The study was conducted in 2015 at Dr. Jan Biziel 2 University Hospital in Byd-
goszcz, on 48 women in the 3 trimester of pregnancy. The cardiotocographic parameters of the fetus
were examined by means of a Sonicaid Team Standard Oxford apparatus (Huntleigh Healthcare, Cardiff,
United Kingdom).

Results. Significant changes were observed in the number of uterine contractions, accelerations, episodes
of higher variability, and fetal movements after listening to the music.

Conclusions. Listening to classical music can serve as a successful method of prophylaxis against premature
deliveries, indicated by the lower number of uterine contractions, and in stimulating fetal movement in the case
of a non-reactive non-stress test (NST). Music therapy, as a therapeutic method which is inexpensive and
soothing, should be used more frequently in obstetrics wards, indicated by pathological pregnancies, isolation
from the natural environment, and distress resulting from diagnostics and from being in an unfamiliar
environment.

Key words: music therapy, uterine contractions, cardiotocography, short-term versatility, fetal movements
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Introduction

The extrauterine surroundings of a fetus are dominated
by sounds coming from the mother’s body, but the fetus
also experiences sounds from outside the womb, which
impact its development. Scientists suggest that experiencing
sounds in the mother’s womb is connected with the baby’s
preferences directly post-delivery and with the infant’s
health; therefore, wards hosting neonates should be designed
in a way that allows infants the same type of experiences
as in their fetal lives.! Scientists agree that in the prenatal
period the fetus is capable of learning and discerning
sounds; they point to a possible role of perinatal auditory
experiences in the future development of speech and
attachment. One of the studies revealed that infants who had
listened to pop music from a television drama in their fetal
lives showed changes in the rhythm of their heartbeats and
more movement, and that they significantly changed their
behavior while listening to it, up to 4 days post-delivery.
Musical stimulation significantly impacts human physiology
and psychology; consequently, it should be carefully selected
according to the aim of a particular therapy. Individual
preferences and needs — and most of all, the health condition
— should also be taken into account.? Several reactions
of the body were observed, depending on the type of music
being played. Fast-paced music leads to an increase in blood
pressure and to faster breath.*> Slow-paced music leads
to a lower heart rate and breath rate in comparison to their
baseline values.® The soft sounds of a regular and low rhythm
(lullabies) are perfect for fetuses and infants.>¢ Auditory
stimulation through music positively impacts the health
of adults and infants, its special role being observed
in the development of prematurely born neonates. Numerous
studies have proven that the mother’s voice and the sound
of her heartbeat have a tranquilizing effect and they show
short-term clinical gains for prematurely delivered neonates.
In Doheny’s study, increased circulatory stability in neonates
and less frequent apnea in prematurely born infants were
observed after listening to the recording of the mother’s
voice and heartbeat, in comparison to listening to the sounds
of medical apparatus. Even more beneficial effects were
observed when combining the above-mentioned methods
with kangaroo care.”” A normalization in temperature,
breathing, heart rate, and body mass were observed
in neonates. Using such a therapy also led to an increase
in saturation value and growth rate, fewer feeding intolerance
instances, and shorter hospitalization periods.!®-15
The mother’s voice is one of the crucial sensual stimuli.
In a study by Arnon et al.,, parents sang and played musical
instruments in the intensive care unit; after the musical
stimulation, heart rates were observed to decrease, and
30 min of deep sleep ensued.!® In a study by Keith et al.,
a decrease in the frequency and length of crying episodes
was observed in neonates. The outcomes of the research
also pointed to an improvement in physiological parameters,
such as heart rate, respiratory rate, saturation, and mean
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arterial pressure.l” In the intensive care unit, the children
who listened to lullabies cried less and slept more. Changes
were also observed in mothers, who became significantly
more tranquil during kangaroo care.>'8

Although the impact of music on the mothers’ health
is not the subject of our research, we do cite several examples
of the impact of music on women in the pre-delivery
period below. Childbirth may be a stressful experience
in a woman’s life, and assuming this new role may result
in a decrease in quality of life, or it may reveal anxiety
or depression.>29 Having women listen to specially selected
music is a significant element of care in such cases. Music
shows many positive impacts on a pregnant female body,
be it under normal physiological conditions or in a high-
risk pregnancy. In a study by Sidorenko, music proved to be
an effective therapy leading to the prevention of premature
deliveries, and it successfully treated hypertension during
pregnancy. Music has also been used as a perfect method
of pre-operational preparation for caesarean delivery.
A powerful stress-reducing effect was observed, leading
to alower dosage of anesthetics.?! Music is successful under
many circumstances and it may be used as an effective
method to treat different conditions. In pregnant
women, it significantly reduced anxiety and, following
delivery, it proved to be a successful therapy in mitigating
the symptoms of worsened temper, as well as facilitating
breast-feeding.222-2¢ Following therapy of rhythmical
music and lullabies in a neonatal intensive care unit, lower
stress was also observed in the parents.!® Based on the cited
literature, it can be shown that many beneficial effects can
be achieved through music therapy in infants and mothers.
Fetal parameters under classical music have hardly been
studied so far. In our research, only a single Polish study was
found, and a handful of others in English on a similar subject.
Since the experiences of hospitalized women and fetuses
are important to us, this research subject was embraced.

The aim of the study was to assess the cardiac activity
parameters of fetuses through cardiotocographic recording
in women in the 3" trimester of pregnancy while listening
to classical music by Pyotr Tchaikovsky, namely, “Swan
Lake” and “Sleeping Beauty.”

Material and methods

The study was conducted in 2015 at the Obstetrics
Department of the University Hospital in Bydgoszcz, having
received authorization from the Committee for Bioethics
(No. 777/2014). The study included 48 women in the 3™
trimester of pregnancy. The women gave their informed consent
to participate in the study. The stage of pregnancy was between
the 27" week and the 41% week (35" week on average).

The studied women were not at risk of premature deliv-
ery. In the initial stage of the study, non-stress tests (NST)
were performed on 15 pregnant women without music and
with “Swan Lake.” On 15 other pregnant women, NST was
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performed without music and with “Sleeping Beauty,” and
on another 18 women, with both of previously mentioned
compositions. Among the 18 women, 2 were carrying twins.
The 1%t stage of the study consisted of cardiotocography
of the fetus’s cardiac activity with no (musical) stimuli
to the fetus, and in analyzing the cardiocotographic pa-
rameters by means of a Sonicaid Team Standard Oxford
apparatus. The 2"¢ stage consisted of performing a 15-min
music therapy session, where the women listened to “Swan
Lake” and “Sleeping Beauty” from a tape recorder, followed
by an analysis of cardiotocographic parameters by means
of a Sonicaid Team Standard Oxford apparatus.

All cardiotocographic parameters were analyzed
by means of the statistics pack, PQStat v. 1.6 (PQStat Soft-
ware, Poznan, Poland). Owing to the fact that the studied
parameters significantly diverged from the theoretical nor-
mal distribution (which was determined by a Shapiro-Wilk
test), analyses were conducted with the non-parametrical
approach. The levels of the studied parameters before and
after musical stimulation were compared by a Wilcoxon
signed-rank test. A testing probability of p < 0.05 was as-
sumed to be significant, while p < 0.01 was assumed to be
highly significant.

Results

According to the assumptions of the study, the values
of cardiotocographic parameters from the 2 sessions were
compared: with no music and with Pyotr Tchaikovsky’s
“Swan Lake” or “Sleeping Beauty.” The studied parameters
are presented in the tables below.

617

In the above analysis, after listening to Pyotr Tchai-
kovsky’s “Swan Lake,” a significant decrease in the values
of cardiotocographic parameters was observed regarding
the number of uterine contractions, >10 and >15 accelera-
tions, and higher variability and lower variability. After
listening to this musical piece, the fetuses’ movements
were observed to increase in number. The parameters
of short-term variability slightly increased.

In this analysis, after listening to Pyotr Tchaikovsky’s
“Sleeping Beauty”, a significant decrease in the values
of cardiotocographic parameters was observed regarding
the number of accelerations >10 and higher variability.
After listening to this composition, a statistically
insignificant decrease in the number of fetal movements
and uterine contractions was observed (0.06). The short-
term variability parameters increased insignificantly.

The analysis did not reveal a statistically significant
difference between the musical compositions used,
as to which showed a larger influence on fetal parameters.

Discussion

The aim of the study was to assess fetal cardiac activity
through cardiotocographic recording in women in the 3™
trimester of pregnancy, with and without listening to clas-
sical music compositions by Pyotr Tchaikovsky. “Swan
Lake” is characterized by a rhythmical tempo, while “Sleep-
ing Beauty” can be classified as a lullaby. Music is rarely
used as a form of therapy in perinatology. In fact, single
studies on this topic exist, mostly regarding neonatal care
in an intensive care unit, distress suffered by pregnant

Table 1. Values of cardiotocographic parameters under the stimulation of Pyotr Tchaikovsky's “Swan Lake”

Parameters Exposure Mean Star?d'?\rd Lowgr Median Uppgr Wilcoxon’s
to music deviation quartile quartile test
Fetal before 4534 3003 3 235 39 58 n7 7 = 238
movements during 6446 44.29 0 30 60 835 174 p=00175
Baseline fetal before 140.30 11.70 120 134 138 1455 168 7 = 149
heart rate during 137.40 11.50 103 1315 137 1415 167 p=0.1355
. before 094 130 0 0 1 1 6 7 =305
Contractions 8
during 0.20 0.76 0 0 0 0 4 p=0.0023
Accelerations before 734 439 0 45 8 10 18 7 - 393
>10 during 394 301 0 2 3 5 14 p = 0.0001
Accelerations before 4.23 3.75 0 1 3 7 15 7 =271
>15 during 2.29 215 0 1 1 4 8 p=0.0068
A o before 13.23 895 0 7 14 21 31 7 =274
High variability
during 746 6.68 0 5 6 10 27 p =0.0062
before 3.39 506 0 0 0 6.5 18 7 = 241
Low variability .
during 0.86 2.52 0 0 0 0 10 p=00159
Short-term before 9.27 252 43 7.65 91 11 14.5 7 = 165
variability during 10.38 456 36 745 10 12.25 286 p=0.0997
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Table 2. Values of cardiotocographic parameters under stimulation of Pyotr Tchaikovsky's "Sleeping Beauty”

Exposure Standard Lower . Upper Wilcoxon's
Parameters . . X Median X
to music deviation quartile quartile test
Fetal before 62.17 52.59 6 26.5 50 92.5 276 7=108
movements during 5417 4700 0 15 46 825 182 p=02794
Baseline fetal before 139.20 10.65 120 1345 137 144 168 7150
heart rate during 137.70 12.89 108 131.5 136 1425 169 p=01331
) before 0.71 118 0 0 0 1 6 7=182
Contractions
during 0.29 0.62 0 0 0 0 2 p=0.0685
Accelerations before 6.31 4.28 0 25 6 9 17 7=280
>10 during 3.94 410 0 1 3 55 19 p=00050
Accelerations before 346 341 0 1 3 55 14 7069
>15 during 2.89 343 0 05 2 4 15 p=04914
High variability before 12.57 8.88 0 7 1 19 3] 7 =346
during 6.34 6.79 0 0 6 10 29 p=00005
o before 279 4.89 0 0 0 535 17 7-075
Low variability
during 2.26 442 0 0 0 2 16 p = 04501
Short-term before 240 231 43 775 97 1.1 14 7-025
variability during 957 3.86 36 6.8 91 1.7 196 p=0.8059

women, and the use of vibroacoustic stimulation testing
(VAS) to stimulate the fetus. Only 1 study has been con-
ducted, by Poreba et al. in 2000.%

Comparing the number of fetal movements in the 2 ses-
sions — with no music and with classical music — a sig-
nificant increase in the number of fetal movements was
observed after listening to “Swan Lake”, from an average
of 45 movements to 64. Poreba et al. presented their re-
sults on the impact of musical sounds on the performance
of selected cardiotocographic parameters in full-term preg-
nancy (39.5 weeks of pregnancy on average). An increase of 8
movements was achieved under relaxing music.?® In our
study of the relationship with the increased number of fetal
movements, it should be considered whether such music
could be used in a situation when it is necessary to cause
the fetus to react as a result of a non-reactive NST recording.
An acoustic test with Pyotr Tchaikovsky’s “Swan Lake” could
serve in such cases as an alternative to VAS. In the study,
no statistically significant changes were observed while
listening to “Sleeping Beauty” in the number of fetal move-
ments, which reduced from 62 movements to 54. Such be-
havior of fetuses likely stemmed from the peaceful rhythm
of the lullaby-like composition. Some researchers claim
that VAS with an excessively non-physiological pitch and
intense sound, performed to provoke a reaction in the fetus,
may even be dangerous for hearing development and health,
and that it should be used with the utmost care.?*=28 In an-
other study, listening to music during NST showed a positive
impact on maternal and fetal parameters and an increase
in the number of fetal movements was observed.?

In a study by Annunziata et al., fetal movements,
the number of accelerations, and short-term variability
(STV) made a significant increase in VAS. For a low-risk

Table 3. Comparing cardiotocographic parameters under stimulation
of Pyotr Tchaikovsky's “Swan Lake"” and “Sleeping Beauty”
(by Mann-Whitney's U test)

Parameters Exposu-re z ‘ p-value
to music

Fetal movements before 1.257503 0.208572
Fetal movements during 1.175247 0.239896
Baseline fetal heart rate | before 0411816 0.680474
Baseline fetal heart rate | during 0.023516 0.981239
Contractions before 0.832026 0405394
Contractions during 1.265204 0.205798
Accelerations >10 before 0925018 0.354956
Accelerations >10 during 0.662857 0.507422
Accelerations >15 before 0901178 0.367494
Accelerations >15 during 0.274505 0.783697
Higher variability before 0.330056 0.741357
Higher variability during 0.836228 0.403026
Lower variability before 0.640739 0.521692
Lower variability during 1.550059 0.121127
Short-term variability before 0.381992 0.702467
Short-term variability during 0.787126 0431208

pregnancy, an improvement in the values of accelerations
and movements was found, while STV did not improve.
The results indicate that only in high-risk pregnancy
was the increase in STV, the number of movements, and
accelerations following VAS significantly connected with
the well-being of neonates.3°

Another analyzed parameter was baseline fetal heart
rate (BPM). In this study, no difference was found be-
tween the BPM in cardiocotographic recording preceding
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Fig. 1. Comparison of fetal movements and baseline fetal heart rate (BPM)

e

under stimulation of Pyotr Tchaikovsky's “Swan Lake” and “Sleeping Beauty”

the musical session and the BPM following the music
therapy session. In the case of the study by Poreba et al.,
listening to music also had no influence on the baseline
cardiac activity of the fetus.?> Stemming from this situation,
the received result is a beneficial and welcome phenomenon.
Of key importance is the fact that the fetal cardiac activ-
ity parameters remain within the norms of 110160 beats
per min.3! Al-Qahtani studied whether pre-natal exposure
to music and to a human voice changes the fetus’s behav-
jor. It was found that the behavior of the fetus changed,
indeed: fetal heart rate was observed to increase in response
to music and to a human voice.3? Similar observations were
discovered by other researchers during ultrasound examina-
tion. Stimulation of the fetus with familiar music, frequently
listened to by the mother, or with the voice of the father,
caused an increase in the heart rate, opening of the eyes,
bodily movements, and turning of the head and the entire
body toward the source of the acoustic stimulus.

In other studies — as in ours — classical music caused
a lower heart rate in prematurely born infants. In a study
by Loewy et al.,, a decrease in heart rate and breath rate
was observed while listening to a lullaby and to rhythmic
music. Rhythmic music also contributed to effective
suction and better sleep in infants.!®3

In the current study, a difference was observed between
the number of uterine contractions in cardiotocographic
recording without the use of music and the number of uter-
ine contractions after listening to compositions by Pyotr
Tchaikovsky. The number of uterine contractions de-
creased significantly under the influence of “Swan Lake”
and non-significantly after “Sleeping Beauty.” In stud-
ies by Poreba et al., an increase in the number of uterine
contractions was observed in pregnant women. The dis-
crepancy between the results by Poreba et al. and our
results may stem from the selection of classical music
as well as from the difference in the length of pregnan-
cy.?> In Poreba’s study, all women were in full-term preg-
nancy, and predictory contractions may have occurred.?”
Meanwhile, in our study, not all women were in full-term
pregnancy (35" week of pregnancy on average), so a lack
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Fig. 2. Comparison of high variability, low variability, and short-term
variability under stimulation of Pyotr Tchaikovsky's “Swan Lake”
and “Sleeping Beauty”
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Fig. 3. Comparison of contractions, accelerations >10 and
accelerations >15 under stimulation of Pyotr Tchaikovsky's
“Swan Lake” and “Sleeping Beauty”

of contractions in their case was welcome. In proprietary
studies, decreasing the number of uterine contractions
under the impact of music is important and it can be used
in the prevention of premature delivery, when an inten-
sified uterine tension and contractions occur, causing
ashortening and dilating of the cervix uteri. In contempo-
rary perinatology, preventing premature deliveries is cru-
cial. Pregnant women at risk of premature delivery suffer
anxiety about the premature birth of their infants, which
may further aggravate fear and lead to uterine contraction,
and in effect, to preterm delivery. Therefore, relaxation
with music is of key importance. In such a case, it may be
argued that classical music, as used in this study, may serve
as an additional therapeutic support in preventing prema-
ture deliveries, since a decrease in the number of uterine
contractions was observed. In obstetric wards, it is often
observed that women passively listen to and watch stress-
ful television broadcasts. In such circumstances, therapy
with classical music may be indicated as a method of sup-
porting treatment.
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In studies by Poreba et al., musical sounds played to preg-
nant women significantly increased the number of accel-
erations of the heart of the fetus, in comparison to NST
without music. The accelerations increased on average from
12 to 17.2% In proprietary studies, 2 types of accelerations were
analyzed: >10 BPM and >15 BPM for a duration of 15 s. In ev-
ery observation, the number of accelerations was decreased.
According to the criteria of biophysical variable point alloca-
tion for NST, in a 30-min recording, 2 or more accelerations
of fetal heartbeats — by at least 15 BPM - should appear,
lasting at least 15 s, associated with fetal movements.3!
A decrease in the number of accelerations is not a good
indicator of a fetus’s well-being. The number of accelera-
tions of >10 BPM lasting 15 s in cardiotocographic recording
performed without the use of music was significantly higher
in comparison to the values recorded during cardiotoco-
graphic examination with the music of Pyotr Tchaikovsky.
Only during the music therapy with “Sleeping Beauty”
no significant difference was observed in cardiotocographic
recording in the number of accelerations of >15 BPM, lasting
15 s. However, the number of accelerations did not change
to an extent which could endanger the health of the exam-
ined fetuses. The cause for the decreased number of accel-
erations might be the type of music played (lullaby), with
fetuses becoming pacified during the music therapy ses-
sion and falling asleep. According to the Recommendations
of the Polish Gynecological Society, a lack of accelerations
in cardiotocographic recording may indicate a period of fetal
sleep or it may pose an alarming risk of in-utero hypox-
ia.3! An increase in the number of accelerations was noted
by Annunziata et al., when they analyzed fetal parameters
following VAS.3% In another study, listening to music dur-
ing NST showed a positive influence on maternal and fetal
parameters: researchers observed an increase in the number
of accelerations.”

In this study, the number of higher variability episodes
was also analyzed. The analysis reveals that all param-
eters significantly differ from the results achieved through
cardiotocographic examination while listening to Pyotr
Tchaikovsky’s compositions. Their number decreased,
but not to an extent which could endanger the health
of the fetuses. Using Tchaikovsky’s music therapy in in-
stances of tachycardia caused by the mother’s anxiety can
be appropriate and may result in beneficial effects.

In our study, the analysis also included short-term vari-
ability, the parameters of which are useful in identifying
fetal hypoxia and the metabolic acidosis associated with it.
An STV of less than 3 ms indicates a high risk of acidosis
occurrence and/or in-utero fetal death, and it is the basis
for quick decisions.?>3¢ In the presented research mate-
rial, short-term variability values increased following each
musical track, but they did not undergo statistically signifi-
cant changes. This serves as proof of the beneficial effect
of the selected music. The above-mentioned parameters
were not included in the study by Poreba et al., so they can-
not be compared.?’ In another study, STVs increased
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following VAS in high-risk pregnancies and they were
significantly associated with the well-being of the fetus.
However, in low-risk pregnancies, following VAS the STV
parameters did not undergo any improvement.3°

In conclusion, the primary aim of this study was to evalu-
ate the impact of classical music on fetuses in the womb.
In spite of many publications dealing with music therapy
in medicine, the number of papers on music therapy in ob-
stetrics and perinatology is insufficient.?>?%3137 In our study
assessing the cardiotocographic recordings of a fetal heart
in the 3™ trimester of pregnancy while listening to Pyotr
Tchaikovsky’s “Swan Lake” and “Sleeping Beauty”, a ben-
eficial impact of music on fetal parameters was found. Mu-
sic therapy, as a therapeutic method which is inexpensive
and soothing, should be used more frequently in obstetrics
wards, indicated by pathological pregnancies, isolation from
the natural environment, and distress resulting from diag-
nostics and from being in an unfamiliar environment.

Conclusions

Music therapy is an effective method and it can serve
as an alternative in medicine. In this study, it was revealed
that music therapy may reduce the tension of the uterine
muscle and intensify fetal movements. Therefore, this
study serves as initial proof of the effectiveness of lis-
tening to classical music as a method of preventing
premature delivery, as indicated by the decreased number
of uterine contractions and fetal stimulation in cases
of non-reactive NST.

References

1. Ullal-Gupta S, Vanden Bosch der Nederlanden Ch, Tichko P, Lahav A,
Hannon EE. Linking prenatal experience to the emerging musical
mind. Front Syst Neurosci. 2013;7:48. doi: 10.3389/fnsys.2013.00048

2. Hepper PG, Scott D, Shahidullah S. Newborn and fetal response
to maternal voice. J Reprod Infant Psychol. 1993;11(3):147-153.

3. Trappe HJ. Role of music in intensive care medicine. Int J Crit llin
Inj Sci. 2012;2(1):27-31.

4. Altenmdller E, Schiiermann K, Lim VK, Parlitz D. Hits to the left,
flops to the right: Different emotions during listening to music
are reflected in cortical lateralisation patterns. Neuropsychologia.
2002;40:2242-2256.

5. Bernardi L, Porta C, Sleight P. Cardiovascular, cerebrovascular,
and respiratory changes induced by different types of music
in musicians and non-musicians: The importance of silence. Heart.
2006;92:445-452.

6. Trappe HJ. Music and health - what kind of music is helpful for whom?
What musicis not? [in German)]. Dtsch Med WSchr. 2009;134:2601-2606.

7. Doheny L, Hurwitz S, Insoft R, Ringer S, Lahav A. Exposure to bio-
logical maternal sounds improves cardiorespiratory regula-
tion in extremely preterm infants. J Matern Fetal Neonatal Med.
2012;25(9):1591-1594.

8. DohenyL, Morey JA, Ringer SA, Lahav A. Reduced frequency of apnea
and bradycardia episodes caused by exposure to biological maternal
sounds. Pediatr Int. 2012;54(2):1-3.

9. LaiHL,ChenClJ,PengTC, etal. Randomized controlled trial of music
during kangaroo care on maternal state anxiety and preterm infants’
responses. Int J Nurs Stud. 2006;43(2):139-146.

10. Ludington-Hoe SM, Lewis T, Morgan K, Cong X, Anderson L, Reese S.
Breast and infant temperatures with twins during shared kangaroo
care. J Obstet Gynecol Neonatal Nurs. 2006;35(2):223-231.



Adv Clin Exp Med. 2018;27(5):615-621

20.

21.

22.

23.

24.

25.

. Charpak N, Ruiz J, Zupan J, et al. Kangaroo mother care: 25 years

after. Acta Paediatr. 2005;94:514-522.

. Standley JM, Moore RS. Therapeutic effects of music and mother’s

voice on premature infants. Pediatr Nurs. 1995;21(6):509-512.

. Zimmerman E, Keunen K, Norton M, Lahav A. Weight gain velocity

in very low-birth-weight infants: Effects of exposure to biological
maternal sounds. Am J Perinatol. 2013;30(10):863-870. doi: 10.1055/
s-0033-1333669

. Krueger C, Parker L, Chiu SH, Theriague D. Maternal voice and short-

term outcomes in preterm infants. Dev Psychobiol. 2010;52(2):205-212.
doi: 10.1002/dev.20426

. Cevasco AM. The effects of mothers’ singing on full-term and

preterm infants and maternal emotional responses. J Music Ther.
2008;45:273-306.

. Arnon S, Shapsa A, Forman L, et al. Live music is beneficial

to preterm infants in the neonatal intensive care unit environment.
Birth. 2006;33(2):131-136.

Keith DR, Russell K, Weaver BS. The effects of music listening on incon-
so-lable crying in premature infants. J Music Ther. 2009;46(3):191-203.

. Loewy J, StewartK, Dassler A, Telsey A, Homel P. The effects of music

therapy on vital signs, feeding, and sleep in premature infants. Pedi-
atrics. 2013;131:902-918.

. Rowlands I, Redshaw M. Mode of birth and women'’s psychological

and physical wellbeing in the postnatal period. BMC Pregnancy
Childbirth. 2012;12:138-156.

Yang M, LiL, Zhu H, et al. Music therapy to relieve anxiety in pregnant
women on bedrest: Arandomized, controlled trial. MCN Am J Matern
Child Nurs. 2009;34(5):316-323.

Sidorenko VN. Clinical application of medical resonance therapy music
in high-risk pregnancies. Integr Physiol Behav Sci. 2000;35(3):199-207.
Shin HS, Kim FH. Music therapy on anxiety, stress and maternal-fetal
attachment in pregnant women during transvaginal ultrasound.
Asian Nurs Reaserch. 2011;5(1):19-27.

Lee SM. The effects of music therapy on postpartum blues and maternal
attachment of puerperal women. J Korean Acad Nurs. 2010;40:60-68.
Vianna MN, Barbosa AP, Carvalhaes AS, Cunha AJ. Music therapy may
increase breastfeeding rates among mothers of premature newborns:
A randomized controlled trial. J Pediatr (Rio J). 2011;87(3):206-212.
Poreba A, Dutkiewicz D, Drygalski M. Wptyw dzwiekéw muzycznych
na zachowanie sie wybranych parametréw kardiotokograficznych
u kobiet w cigzy donoszonej. Ginekol Pol. 2000;71(8):915-920.

26.

27.

28.

29.

30.

3.

32.

33.

34.

35.

36.

37.

621

Romero R, Mazor M, Hobbins HJ. A critical appraisal of fetal acoustic
stimulations as an antenatal test for fetal well-being. Obstet Gynecol.
1988;71:781-786.

Arabin B, Becker R, Mohnhaupt A, Entezami M, Weitzel HK. Prediction
of fetal distress and poor outcome in intrauterine growth retardation
- a comparison of FHR-monitoring combined with stress tests and
Doppler ultrasound. Fetal Diagn Ther. 1993;8:234-240.

Arabin B. Music during pregnancy. Ultrasound Obstet Gynecol.
2002;20:435-430.

Simavli S, Gumus |, Kaygusuz |, Yildirim M, Usluogullarii B, Kafali H.
Effect of music on labor pain relief, anxiety level and postpartum
analgesic requirement: A randomized controlled clinical trial. Gynecol
Obstet Invest. 2014;78(4):244-250. doi: 10.1159/000365085
Annunziata ML, Scala M, Giuliano N, et al. Fetal vibroacoustic
stimulation in computerized cardiotocographic analysis: The role
of short-term variability and approximate entropy. J Pregnancy 2012.
http://dx.doi.org/10.1155/2012/814987

Polish Gynecological Society. Recommendations of the Polish Gyne-
cological Society concerning application of cardiotocography
in obstetrics [in Polish]. Ginekol Pol. 2014;85:713-716.

Al-Qahtani NH. Fetal response to music and voice. Aust NZJ Obstet
Gynaecol. 2005;45(5):414-417.

Federico G. Fetal responses to a musical stimulation. Music therapy
and pregnancy. X World Congress of Music Therapy, Oxford, Eng-
land; 2002. http://www.gabrielfederico.com/articles/oxford2002.
pdf. Accessed May 31, 2016.

Amini E, Rafiei P, Zarei K, Gohari M, Hamidi M. Effect of lullaby and
classical music on physiologic stability of hospitalized preterm infants:
A randomized trial. J Neonatal Perinatal Med. 2013;6(4):295-301.
Stomko Z, Malewski. Mianownictwo kardiotokograficzne. In: Sfomko Z,
Drews K, Malewski Z, eds. Kardiotokografia kliniczna. Warszawa:
Wydawnictwo Lekarskie PZWL; 2010;109-110.

Gongalves H, Costa A, Ayres-de-Campos D, Costa-Santos C, Rocha AP,
Bernardes J. Comparison of real beat-to-beat signals with commer-
cially available 4 Hz sampling on the evaluation of fetal heart rate
variability. Med Biol Eng Comput. 2013;51:665-676.

Wakim JH, Smith S, Guinn C. The efficacy of music therapy.
J Perianesth Nurs. 2010;25(4):226-232.






Original papers

The structure of the vascular system
of the septomarginal trabecula in the heart of an adult

Mitosz Zajaczkowski"*~, Adam Kosiriski"*~F, Marek Grzybiak'*f, Rafat Kaminski"2<,
Agata Kaczyriska"2“F, Stanistaw Zajaczkowski>“>f, Ewa Nowicka"8<

T Department of Clinical Anatomy, Medical University of Gdansk, Poland
2 Department of Physiology, Medical University of Gdansk, Poland

A — research concept and design; B — collection and/or assembly of data; C — data analysis and interpretation;
D — writing the article; E — critical revision of the article; F — final approval of the article

Advances in Clinical and Experimental Medicine, ISSN 1899-5276 (print), ISSN 2451-2680 (online) Adv Clin Exp Med. 2018;27(5):623-631

Address for correspondence
Mitosz Zajaczkowski
E-mail: milosz@gumed.edu.pl

Funding sources
None declared

Conflict of interest
None declared

Received on January 15,2016
Reviewed on November 14, 2016
Accepted on January 27,2017

DOI
10.17219/acem/68692

Copyright

© 2018 by Wroclaw Medical University

Thisis an article distributed under the terms of the
Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Abstract

Background. In cardiology, the paths of the arteries penetrating the septomarginal trabecula (SMT) are
especially important. They provide blood supply to the apparatus of the right atrioventricular orifice and
often form anastomoses with the system of the right coronary artery. Despite this, only a few publications
discuss the morphological aspect of the septomarginal trabecula, and available histological analyses seldom
deal with its blood supply.

Objectives. The aim of this study was to analyze the vessel structure of the septomarginal trabecula in terms
of the variability of the area of the cross-section of the lumen and the muscular layer of the artery.

Material and methods. The study was carried out on the material of 50 human hearts from adults of both
sexes. The material was divided into 4 morphological types. Histological examinations were conducted
by means of classic staining methods.

Results. At the initial cross-section of the septomarginal trabecula, the area of the cross-section increased
to half of the length of the trabecula, and then it started to decrease. This is connected with the thickening
of the inner muscular layer of the artery, which proportionally takes up more area of the cross-section of the
whole artery of the SMT. The total area of the cross-section of all vessels in both types examined was also the
largest in the middle part of the SMT. Furthermore, the results of this study confirm the presence of a con-
nection between both systems of coronary arteries.

Conclusions. As the septomarginal trabecula passes through the lumen of the right ventricle, its arteries
become exposed to the influence of the factors which may evoke a biological response from the walls
of this vessel, causing the thickening of the muscular layer and, as a result, of the section of the whole artery,
in particular its middle part.

Key words: morphology, human heart, coronary arteries, heart ventricle, septomarginal trabecula
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Introduction

Among the wide network of the trabeculae of the right
ventricle of the human heart, the septomarginal trabecula
(SMT) plays a particularly important role. Its structure
contains vessels supplying the valve apparatus of the right
ventricle, which often form anastomoses with the right
coronary artery. Moreover, within the trabecula there are
often branches of the right offshoot of the bundle of His.

Despite this, only a few publications present the mor-
phological aspect of the SMT. Available histological analy-
ses are devoted to the issues of the ratio of muscle tissue
to connective tissue, as well as the presence of fibers of the
conduction system, so they seldom discuss its blood sup-
ply. Therefore, a detailed analysis of the arterial blood
supply of this structure seems to have a clinical signifi-
cance. The dynamic development of cardiac surgery and
invasive diagnostic and treatment methods reveal the
need for more detailed knowledge of the positions of ves-
sels in various structures inside the heart cavities. Such
knowledge may lead to procedures with optimal saving
of the heart structures and to the prevention of potential
complications.

The aim of this study was to analyze the vessel structure
of the septomarginal trabecula in terms of the variability
of the area of the cross-section of the lumen and the mus-
cular layer.

Material and methods

The study was carried out on the material of 50 hu-
man hearts fixed in a solution of formalin and ethanol.
The hearts, in which no lesions or developmental defects
were found macroscopically during the section, came
from adults (18-76 years old) of both sexes. The material
was divided into 4 morphological types according to the
classification suggested by Kosinski et al.! The analysis
was performed on the basis of the observation of the
cross-sections of the SMT divided into 10 equal sections
(levels) (Fig. 1). The histological examination was con-
ducted by means of classic staining methods (hematoxy-
lin eosin, van Gieson’s stain with Goldner’s modification)
under a stereo-microscope (MN 800 Series; Opta-Tech,
Warszawa, Poland) with Moticam 2000 2.0M camera
(Motic Incorporation Ltd., Hong Kong) and the use of the
Motic Images Plus v. 2.0 2006 (Motic China Group Co.,
Ltd., Xiamen, China) computer program.

The majority of variables did not have a normal distribu-
tion and were analyzed by means of non-parametric tests.
The 1% tested hypothesis which stated that the probability
distributions were the same in all examined groups was
rejected (the Friedman test; p < 0.001). Taking the natural
structure of the examined material into consideration, the
results of this test were not included in the paper, and post
hoc procedures were performed. When performing these
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Fig. 1. The division of the SMT into 10 levels. The view of the right ventricle

AMP — anterior papillary muscle; CS — supraventricular crest;
IS — intraventricular septum.

procedures, the Mann—Whitney test for paired samples
was used (which is, of course, equivalent to the Wilcoxon
test for paired samples in this case). A p-value <0.05 was
considered to be statistically significant. The statistical
analyses were performed using Rv. 2.15.1.2

Results

During the study, 4 morphological types of the SMT
were confirmed. The division into these types regards the
paths of the SMT penetrating through the lumen of the
right ventricle and the relation of SMT to the anterior
papillary muscle. In type I, the SMT, which varied with
respect to thickness, constituted a homogenous structure
not directly connected with the anterior papillary muscle.
In types II and III, the SMT constituted a homogenous
structure undivided by the anterior papillary muscle.
The difference from type I lies in a close connection of the
base of the anterior papillary muscle with the anterior wall
of the ventricle, as well as its direct connection with the
trabecula. Type Il is a tangent connection of the trabecula
and the anterior papillary muscle or their permanent inte-
gration to some degree. However, in type I11, the base of the
muscle attached to the anterior wall was closely connected
with the peripheral end of the SMT. Type IV included cases
in which 2 parts of the SMT could be distinguished. The
first is septal-papillary part that connects the intraven-
tricular septum and the anterior papillary muscle. The
second one is the papillary-marginal partlocated between
the anterior papillary muscle and the anterior wall of the
right ventricle.

The frequency of the occurrence of particular types
of SMT is presented in Table 1.

The results presented in this study include the 2 most
numerous morphological types: type III and IV.

The main vascularization of the SMT is formed by
its main artery, which offshoots from one of the septal
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Table 1. Frequency of occurrence of particular types of SMT

Il 6 12
Il 24 48
[\ 17 34
Total 50 100

Fig. 2. The cross-section of the SMT

Masson-Goldner staining; magnification x2; AST — the artery of the SMT;
AT — adipose tissue; MT — muscle tissue.

arteries. On the cross-section of the trabecula, its main
artery is most often found in a central location (Fig. 2).

The artery takes the peripheral position when it ap-
proaches the anterior papillary muscle (Fig. 3).

The main artery of the SMT is always significantly larger
than other SMT arteries (Fig. 4).

In some cases, the artery may comprise a substantial part
of the whole cross-section of the SMT (Fig. 5).

The area of the cross-section of the artery
of the septomarginal trabecula

Our results indicate that in type III, the area of the cross-
section of the artery of the SMT increases only on 4 levels.
On the next levels, it slightly decreases or remains at the
same value. On the 4 level, the examined artery assumes
the highest median and max values. The artery of the SMT
is found to first widen successively until it reaches its peak
value at level 4, and then its area is getting smaller (Table 2).

Fig. 3. The cross-section of the SMT and the anterior papillary muscle

Hematoxylin and eosin stain; magnification x4; APM — anterior papillary
muscle; AST — the artery of the SMT.
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Fig. 4. The cross-section of the SMT

Masson-Goldner staining; magnification x4; MT — muscle tissue;
AST - the artery of the SMT.

Fig. 5. The cross-section of the SMT

Hematoxylin and eosin stain; magnification x4; AST — the artery of the
SMT; MT — muscle tissue.
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Table 2. Type Ill: The values of statistical characteristics of the area of the
cross-section of the artery of the SMT on 10 levels of the trabecula

Median

[mm?]
1 0.241° 0.04 0.57
2 0.2385¢ 0.047 0.584
3 0.272¢ 0.057 0.667
4 0.278%f 0.045 0.732
5 0.25 0.044 0.594
6 0.27 0.056 0.536
7 0.252 0.066 0.555
8 0.263 0.047 0.591
9 0.249 0.052 0.587
10 0.255 0.062 0.637

Table 4. Type Ill: The values of statistical characteristics of the total area
of the cross-section of all arteries of the SMT on 10 levels of the trabecula

Median
[mm?]

1 0.2592bcd 0.066 1.085

2 0.293¢ 0.071 1.052

3 0.318 0.082 1.034

4 0.33f 0.067 1.031

5 0.339 0.068 1.022

6 0.343 0.081 1.035

7 0.29 0.092 1.088

8 0.3 0.062 1.13

9 0.284 0.058 1139
10 0.289 0.077 1.095

21vs4,p=003;"2vs3,p=0042vs4,p=001;93 vs 4, p=004%
€4vs7,p=004%4vs9 p=004

Table 3. Type IV: The values of statistical characteristics of the area of the
cross-section of the artery of the SMT on 10 levels of the trabecula

Median
[mm?]

1 0.204 0.045 0.732

2 0.2120¢ 0.043 0.502

3 0.206 0.047 0.5

4 0.19 0.049 0.63

5 0.216 0.047 0.62

6 0.218¢ 0.043 0.772

7 0.215¢ 0.051 0.653

8 0.227 0.068 0.592

9 0.216 0.065 0.608
10 0.214 0.059 0.474

21vs2,p=005°1vs3,p=0051vs4,p=0041vs5p=003°2vs4,
p=0.04;f4vs9 p=003.

Table 5. Type IV: The values of statistical characteristics of the total area
of the cross-section of all arteries of the SMT on 10 levels of the trabecula

Median
[mm?]
1 0.246° 0.045 0.748
2 0.239Pcdefg 0.043 0.678
3 0.229" 0.05 0.66
4 0.231" 0.053 0.82
5 0.225 0.048 0.804
6 0.232 0.043 0.839
7 0.241 0.053 0.699
8 0.249 0.07 0.616
9 0.233 0.075 0.668
10 0.248 0.073 0.601

92vs3,p=004"2vs5p=0042vs6,p=00496Vs 9, p=004
©7vs 9, p=004.

The results indicate that the area of the cross-section
of the artery of the SMT in type IV is subject to fluctua-
tions over the whole length, with a distinct gradual decrease
in the area from level 6 to level 9. The median value of the
area of the artery of the trabecula increases statistically
significantly between level 2 and levels 3, 5 and 6 (Table 3).

Total area of the cross-section
of all arteries of the septomarginal trabecula

The results indicate that in type III, the total area of the
cross-section of all arteries of the trabecula increases sta-
tistically significantly on the first 5 levels. From that point,
certain fluctuations occur: the area slightly decreases or
slightly increases. Statistical analyses have also revealed
a significant decrease of the studied value from level 4
to level 9 (Table 4).

21vs5p=004°2vs3 p=0032vs4, p=00292vs5 p=003;
€2vs6,p=0032vs 7 p=002°2vs8 p=004"3vs7p=003;
i4vs7,p=003;7vs9 p=002

Our results indicate that in type IV, the total area of the
cross-section of all arteries of the trabecula increases sta-
tistically significantly between level 2 and level 8. A grad-
ual increase in the median value of this area from level
5 to level 8 of the trabecula may be observed (Table 5).

The number of arteries
on the cross-section
of the septomarginal trabecula

When particular levels are grouped into sections cor-
responding to the beginning, middle and end of the tra-
becula, statistical differences among all groups can be seen
in type III. The number of arteries increases successively
from the beginning to the end of the trabecula (Fig. 6 A).
However, in type IV, statistically significant differences
occurred between group 1 and groups 2 and 3. The number
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of arteries increases from the beginning to the end of the
trabecula (Fig. 6 B).

Type III — statistically significant differences, on the
level of p < 0.05 (the Wilcoxon test), between levels 1-3
and 4-7; 4—7 and 8-10; 1-3 and 8-10.

Type IV — statistically significant differences, on the
level of p < 0.05 (the Wilcoxon test), between levels 1-3
and 4-7; 1-3 and 8-10.

The ratio of the area of the cross-section
of all the arteries of the septomarginal
trabecula to their number

When particular levels are grouped into sections corre-
sponding to the beginning, middle and end of the trabecula,
then statistical differences among all 3 groups can be no-
ticed in type III (F ig. 7 A). However, in type IV, statistically
significant differences occurred between the end and the
beginning, and the middle parts of the trabecula (Fig. 7 B).

Type III — statistically significant differences, on the
level of p < 0.05 (the Wilcoxon test), between levels 1-3
and 4-7; 1-3 and 8-10; 47 and 8-10.

Type IV — statistically significant differences, on the
level of p < 0.05 (the Wilcoxon test), between levels 1-3
and 8-10; 4-7 and 8-10.

The area of the cross-section
of the muscular layer
of the septomarginal trabecula

The results indicate that in type III, the area of the cross-
section of the muscular layer of the SMT shows certain
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dynamics of behavior. Although it is not statistically sig-
nificant, the median value increases up to the middle of the
trabecula (Table 6).

The results of this study show the following tendency:
in type IV, the median value of the area of the cross-section
of the muscular layer gradually increases up to level 7, and
then decreases up to the end of the trabecula (Table 7).

The ratio of the area of the cross-section
of the muscular layer of the SMT

to the area of the cross-section

of the artery of the SMT

Our results revealed an increase in the median value
of the ratio of the area of the cross-section of the muscular
layer to the area of the cross-section of the artery in type
III from level 2 to level 6. The median is smaller at the
beginning than at the end of the trabecula (Table 8).

The results indicate that in type IV, the median value
of the ratio of the area of the cross-section of the mus-
cular layer to the area of the cross-section of the artery
increases from level 3 to level 6 of the trabecula. The me-
dian is smaller at the beginning than at the end of the
trabecula (Table 9).

When particular levels are grouped into sections cor-
responding to the beginning, middle and end of the tra-
becula, in type III, statistically significant differences can
be found between the end and the beginning, and the
middle of the trabecula (Fig. 8 A). However, in type IV
there is a statistically significant difference between the
end and the beginning of the trabecula (Fig. 8 B).
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Table 6. Type lll: The values of statistical characteristics of the area of the
cross-section of the muscular layer of the artery of the SMT on 10 levels
of the trabecula

Table 8. Type lll: The statistical values of the ratio of the area of the cross-
section of the muscular layer of the artery of the SMT to the area of the
cross-section of its artery

Level ‘ Median

[mm?]
1 0.127 0.028 0.374
2 0.146 0.035 0.362
3 0.152 0.044 0409
4 0.16 0.035 0413
5 0.159 0.03 0403
6 0.14 0.039 0.366
7 0138 0.04 0419
8 0.167 0.03 0418
9 0.14 0.04 0432
10 0172 0.037 0499

Level ‘ Median

[mm?]
1 0.637 0.322 0.929
2 0.608° 0.333 0918
3 0.623bcd 0.388 0915

4 0.626%f9 0.346 0.93

5 0.641" 0.351 0.924
6 0.646 0417 0.927
7 0.635 0.363 0.935
8 0.662 0.406 0.929
9 0.643 044 0.926
10 0.652 0.359 0.934

Table 7. Type IV: The values of statistical characteristics of the area of the
cross-section of the muscular layer of the artery of the SMT on 10 levels
of the trabecula

Level ‘ Median

[mm?]
1 0.103 0.025 0411

2 0.113 0.024 0.37

3 0.119 0.024 0.379
4 0.113 0.024 0452
5 0.121 0.022 0463
6 0.136 0.022 0.612
7 0.152 0.023 0.519
8 0.148 0.031 0467
9 0125 0.032 0464
10 0.15 0.028 0.392

———— P00t )

22vs8,p=004°3vs8 p=002°3vs9 p=00593vs 10, p=005
©4vs8,p<001;f4vs9 p=001;,94vs 10,p=0.03;"5vs 8, p=0.04

Table 9. Type IV: The statistical values of the ratio of the area of the cross-
section of the muscular layer of the artery of the SMT to the area of the
cross-section of its artery

1 0.621 0407 0.894
2 0.614 0.391 0.88
3 0.594 0.306 0.871
4 0.621° 0.322 0.84
5 0.644° 0.348 0.855
6 0.651 047 0.89
7 0.65 044 0.888
8 0.635 0409 0.882
9 0.675 0481 0.904
10 0.633 0478 0.895

24vs 10, p=0.04;°5vs 10, p = 0.05.

| p<0,05 Fig. 8. The ratio of the area of the cross-

1.0 } 1 p<0,03 0.9 !
o 0.9 -1 »
© ©
© 0.8 o
© ©
‘5 0.74 %S
2 0.6 2
© ©
—
o 057 | | °
e — _C
~ 0.4 ~
.3 T 4

section of the muscular layer of the SMT to the
area of the cross-section of the artery of the
SMT in 3 groups of different distance from

the trabecula (the results are presented as

a median and an interquartile range)

A—typelll; B-type IV.

13 47 8-10
septomarginal trabecula (level)

T
1-3

Type III — statistically significant differences, on the
level of p < 0.05 (the Wilcoxon test), between levels 1-3
and 8-10; 4—7 and 8-10.
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and 8-10.
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Discussion

There is hardly a substantial body of knowledge on the
blood supply of the septomarginal trabecula. Gross was the
first researcher to observe the constant occurrence of the
artery of the SMT (ramus limbi dextri) in 1921, and other
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researchers have confirmed its presence.?~!? It is often
described as a branch of one of the septal arteries, which
branches off from the anterior descending artery. While
studying the position of the artery of the trabecula, Reig
et al. noticed that in 20 cases (71%) this artery originated
in the 2" anterior septal artery, in 5 cases (18%) in the
1% anterior septal artery, and in 2 cases (7%) in the 3
one.® However, in 1 case (4%) they confirmed the presence
of 2 arteries in the trabecula and both of them originated
in the 2" and 3" anterior septal artery. They described
2 possible paths of the arteries which mark the beginning
of the artery of the SMT (in relation to a short heart axis).
In 19 out of 28 examined cases, there was a horizontal
path. This type included arteries that originated from the
1stanterior septal artery and the majority of vessels origi-
nating from the 2" anterior septal artery.

They proceeded through the site of the septal papil-
lary muscle in a subendocardial position and branched off
to it, as well as toward the apex of the heart. Then, they
passed through the muscle accompanying and providing
blood supply to the right branch of the bundle of His. Both
of these structures followed the paths through the whole
length of the SMT, and the SMT artery was positioned
deeper until it reached the base of the anterior papillary
muscle.® The same location of the artery of the SMT was
observed in our study; it ran mainly in the central part
of the cross-section of the trabecula (Fig. 2). Nevertheless,
it took a peripheral position when it approached the ante-
rior papillary muscle (Fig. 3). However, according to Melo
et al,, this artery is located in the lower part.*

Reig et al. state that the 2"¢ path which arteries may
follow to the SMT is an oblique path. It extends from the
right side of the SMT toward the apex of the heart until
it reaches the place where the SMT separates from the
septum. From that point on, it displays the same topog-
raphy and relations as in the case of the horizontal path.
The arteries following this path may also branch off to the
septal papillary muscle and the initial part of the right
branch of the bundle of His. This type of path was found
in the arteries of the SMT originating mainly from the 3"
and sometimes from the the 2" septal artery.®

Melo et al., after examining 30 human hearts, character-
ized the number and trajectory of the major septal arteries
which serve as the origin of the SMT artery. They con-
firmed the presence of 210 septal arteries, which means
on average 7 arteries per heart. One major septal artery was
found in 90% (27) of hearts, 2 were found in 7% (2) of hearts
and 3% (1) of the hearts had 3 arteries, from which 1 would
always enter the SMT in its lower part.*

The knowledge of the topography of the arteries of the
SMT, as well as of the paths of the vessels leading to it,
is very important for every cardiac surgeon. Procedures can
be carried out with a maximum saving rate of the struc-
tures of the right ventricle and with the prevention of pos-
sible complications (e.g., during the application of a surgical
method requiring incisions in the area of the septum, such
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as the correction of the Tetralogy of Fallot — TOF). The to-
pography of the abovementioned arteries may also be as-
sessed with the use of angiographic techniques. Therefore,
in vivo diagnostics deserves special attention 1314

In angiographical analyses, Bowles and Daves noticed
that the minor artery branches off directly from the main
septal artery. It directs its course through the whole length
of the trabecula and the anterior papillary muscle, and
is anchored in the anterior leaflet of the tricuspid valve.!!

While describing the visualization of all arteries with
a diameter over 200 um in coronarography, Pawlak stated
that the artery of the SMT was often visible.!* Bowles and
Daves confirmed its presence in 34 out of 36 septomar-
ginal trabeculae in children’s hearts and in 26 out of 36
adult hearts.!

Our research indicates that the artery of the SMT is the
most developed among all the arteries passing through the
SMT. At times, there are several major vessels present, but
itis always larger than the rest (Fig. 4, 5). However, Kosiriski
and Grzybiak observed 2 arterioles of different size in 5
out of the 10 examined trabeculae.!®

In our material, in the most numerously represented
morphological types of the SMT, an initial increase in the
area of the cross-section of both the artery of the trabecula
and all arterial vessels altogether was noticed. In the case
of the artery of the trabecula, this parameter increased
up to half of the length of the SMT, and then decreased
toward its end. In type III, the vessel was characterized
on average by the same section as at the beginning of the
trabecula; however, it was smaller in type IV at the end
of the artery (Tables 2, 3). The total area of the section
of all vessels in both types was also larger in the middle
part of the trabecula; at the same time, it turned out to be
larger at the end rather than at the beginning of the tra-
becula (Tables 4, 5).

It may be concluded that the reduction of the area of the
cross-section of the artery toward the end of the SMT
is compensated by an increase in the area of the section
of smaller vessels, which one by one branch off from the
main trunk as it follows its path through the trabecula.
This is proved by a statistically significant increase in the
number of the arterial vessels observed in subsequent sec-
tions through the trabecula (Fig. 6 A, B), parallel to a re-
duction of the ratio of the area of the section of all vessels
to their number (Fig. 7 A, B).

In conclusion, the artery of the trabecula is reduced
in favor of other arteries branching off. In the middle sec-
tions, the total area of the sections of the vessels increases,
and in the final sections, it is higher than in the initial
sections. It may show the role which is performed by the
vessels of the trabecula in the blood supply of the anterior
papillary muscle. In the discussed morphological types,
it is strictly connected with the SMT and the branches
of the left coronary artery, which passes through the tra-
becula and provides the majority of the blood supply for
the muscle.
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Another subject of the assessment was the thickness
of the muscular layer of the SMT. In each of the morpho-
logical types of the SMT, there was an initial increase in the
thickness of the muscular layer and a gradual decrease
toward the end of the trabecula (Tables 6, 7). Statistical
analyses confirmed an increase in the thickness of the
muscular layer in the middle levels in types III and IV.
Moreover, it was noticeable that the thickness of particular
layers of the wall of the artery on the section was variable,
but it did not affect the dimensions of the lumen of the ves-
sel. This was similarly described by Lorenz, who noticed
that the changes in the thickness of the inner and middle
layer did not affect the size of the lumen on the section.
This variability seems to be one of the mechanisms of ad-
aptation to exposure to deforming forces.!®!” It must be
assumed that the middle part of the SMT is more suscep-
tible to deformation. Both the tensing up of muscle fibers
and blood ejection during systole of the right ventricle, as
well as the relaxation of its muscles during diastole, along
with the influence of blood flow, may be the mechanical
factors causing a biological response from the walls of the
blood vessels in the trabecula.

The ratio of the area of the cross-section of the muscu-
lar layer of the trabecula to the area of the cross-section
of the whole SMT artery was similar in all types: it in-
creased on the whole length of the trabecula (Tables 8, 9).
Statistical grouping analyses confirm the importance
of this tendency (Fig. 8 A, B). Taking into consideration
that both the areas of the cross-section of the artery of the
trabecula and its muscular layer decrease from the middle
levels toward the end of the trabecula, it can be assumed
that the muscular layer takes relatively more area of the
cross-section of the whole artery toward the anterior papil-
lary muscle. This may be related to the fact that in the area
where the trabecula and the anterior papillary muscle are
connected with the anterior wall of the right ventricle there
are particularly intensive tensions during systole, which
determine the thickness of the muscles of the blood vessels.

This study shows that the arteries of the SMT, which
are in close connection with the anterior papillary muscle,
supply it with blood when they reach it. Furthermore, the
structure of the vessels of the trabecula may also form
a crucial component of the blood supply of the free part
of the anterior-lateral wall of the right ventricle. Similar
data can be found in the literature.>”? According to many
authors, properly-shaped vessels of the trabecula may cre-
ate anastomoses between the system of the left and right
coronary artery.

The analyses of Reig-Vilallonga et al. confirmed the pres-
ence of anastomoses in 96% of the examined cases, includ-
ing the anastomoses within the supraventricular crest,
where the SMT was created in 76% of the cases. Moreover,
they distinguished 4 types.!® In their previous study, they
confirmed the existence of anastomoses in 68.1% of cases.'
The results of the study we conducted also confirm the
presence of such arterial connections — on the anterior
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wall of the right ventricle and on the base of the anterior
papillary muscle.

The authors of numerous works show the protective
role of the blood flow to the muscle of the right ventri-
cle through the arteries of the SMT.*20-26 The research
suggests that myocardial infarction of the right ventricle
is caused by the narrowing of the proximal section of the
right coronary artery, especially of the abovementioned
artery of the trabecula.?? When the vessel is unobstructed
in the anterior-lateral part of the free wall of the right ven-
tricle, ischemic damages occur less frequently.>?” Haupt et
al. described 19 cases of acute myocardial infarction of the
anterior-lateral wall of the right ventricle as a result of the
closure of the lumen of the section proximal to the right
coronary artery. In 5 patients who had an extensive (>25%)
myocardial infarction of the right ventricle, 4 had a signifi-
cant (>75%) narrowing of the anterior left descending ar-
tery (proximal to the beginning of the artery of the SMT),
2 had a closure of the 1 septal branch of this artery, and
1 had coronary thrombosis in the initial part of the right
coronary artery. The authors observed a positive correla-
tion between the extension of myocardial infarction of the
ventricle and some degree of impairment of a potential
collateral flow from the anterior left descending artery
to the right coronary artery.??

Other researchers have described a clinical situation
in which myocardial infarction affected the left ventricle
of the heart and until the moment of total closure of the
lumen of the left coronary artery, the collateral circulation
path was provided by the arteries of the SMT, but in the
opposite direction. In the postmortem coronography, they
noticed a well-developed artery in the SMT.

In conclusion, the passing of the septomarginal tra-
becula through the lumen of the right ventricle exposes
its arteries to the influence of factors which may evoke
a biological response from the walls of this vessel, causing
the thickening of the muscular layer and, as a result, of the
cross-section of the whole artery, in the middle sections.
Moreover, in the final sections of the SMT, the muscular
layer of its artery gradually takes up more and more area
of the cross-section of the whole vessel.

References

1. Kosinski A, Koztowski D, Nowinski J, Lewicka E, Dgbrowska-Kugacka A.
Morphogenetic aspects of the septomarginal trabecula in the human
heart. Arch Med Sci. 2010;6:733-743.

2. The R Core Team. R: A Language and Environment for Statistical Com-
puting. Vienna: R Foundation for Statistical Computing; 2012.

3. Farrer-Brown G. Vascular pattern of myocardium of right ventricle
of human heart. Br Heart J. 1968;30:679-686.

4. MeloJQ, Abecassis M, Neves J, et al. Can the location of the large sep-
tal artery be predicted? Eur J Cardio-Thoracic Surg. 1995;9:628-630.

5. PydaM, Grajek S. Ramus limbi dextri or ‘moderator band’ artery. Kar-
diol Pol. 1991;34:26-29.

6. ReigJ, AlbertiN, Petit M. Arterial vascularization of the human mod-
erator band: An analysis of this structure’s role as a collateral. Clin
Anat. 2000;13:244-250.

7. Dobyns BM. Note on an artery of the moderator band. Anat Rec.
1936;66:397-400.



Adv Clin Exp Med. 2018;27(5):623-631

. Minne |, Depreux R, Mestdagh H, Houcke M. Arterial vasculariza-

tion of the moderator band (septomarginal trabecula). Lille Med.
1975;20:478-480.

. Fitzgerald D, Lazzara R. Functional anatomy of the conduction sys-

tem. Hosp Pract. 1988;23:81-92.

. Jacobs JE. Computed tomographic evaluation of the normal cardi-

ac anatomy. Radiol Clin North Am. 2010;48:701-710.

. Bowles CR, Daves ML. Ramus limbi dextri: Demonstration by coro-

nary angiography. Radiology. 1985;155:574.

. Gross L. The Blood Supply to the Heart in its Anatomical and Clinical

Aspects. New York, NY: Paul B. Hoeber; 1921.

. Miller SW, ed. Cardiac Angiography. Boston: Little Brown and Com-

pany; 1984.

. Pawlak B. Kragzenie oboczne w miazdzycy tetnic wiefcowych. Pol

JRadiol. 1979;43:161-164.

. Kosinski A, Grzybiak M. The blood supply of the septomarginal tra-

becula in the hearts of elder people. Geriatria. 2010;4:237-241.

. LorenzG, Guski H. Histotopographic and morphometric studies of the

intramural coronary arteries in the trabecula septomarginalis of swine
and pigmy goats. Z Allg Pathol und Pathol Anat. 1990;136:87-95 [in
German].

Lorenz G. Histotopographical studies of the intramural coronary
arteries into the trabecula septomarginalis of the right cardiac
ventricle in pig (Sus scrofa domesticus) and pygmy goat (Capra
aegagrus f. domestica). Z Mikrosk Anat Forsch. 1990;104:607-616
[in German].

20.

21.

22.

23.

24.

25.

26.

27.

631

. Reig-Vilallonga J, Loncan-Vidal MP, Domenech-Mateu JM. Coro-

nary arterial anastomoses study of their distribution in adult hearts
specially emphasizing the crista supraventricularis area. Anat Anz.
1987;164:1-12 [in German].

. Reig-Vilallonga J, Loncan-Vidal MP, Domenech-Mateu JM. Study

of the coronary artery branches to the crista supraventricularis. Bull
Assoc Anat. 1983;67:337-345.

Cohn JN, Guiha NH, Broder M, Limas CJ. Right ventricular infarction:
Clinical and hemodynamic features. Am J Cardiol. 1974;33:209-214.
Dwyer EM, Coquia S, Greenberg H, Pinkernell BH. Inferior myocar-
dial infarction and right coronary artery occlusive disease: A correl-
ative study. Br Heart J. 1975;37:464-470.

Haupt HM, Hutchins GM, Moore GW. Right ventricular infarction: Role
of the moderator band artery in determining infarct size. Circulation.
1983;67:1268-1272.

Laurie W, Woods JD. Infarction (ischaemic fibrosis) in the right ven-
tricle of the heart. Acta Cardiol. 1963;399-411.

Ratliff NB, Hackel DB. Combined right and left ventricular infarction:
Pathogenesis and clinicopathologic correlations. Am J Cardiol.
1980:45:217-221.

Rotman M, Ratliff NB, Hawley J. Right ventricular infarction: A hae-
modynamic diagnosis. Br Heart J. 1974;36:941-944.

Wade WG. The pathogenesis of infarction of the right ventricle.
Br Heart J. 1959;21:545-54.

Luciano DS, Vander Al, Sherman JH. Human Function and Structure.
New York, NY: McGraw-Hill Companies; 1978.






Effect of physical activity on the sequelae of osteoporosis
in female residents of residential care facilities

Agnieszka J. Nawrat-Szottysik">*~2F Anna Polak>®<, Andrzej Matecki*E, Laura Piejko®®,
Dominika Grzybowska-Ganszczyk>®, Michat Krecichwost®®<, Jozef Opara*A£F

T Department of Health Promotion and Methodology of Research, The Jerzy Kukuczka Academy of Physical Education in Katowice, Poland

2 St. Elizabeth Center, Ruda §Iqska, Poland

3 Department of Basic Physical Therapy, The Jerzy Kukuczka Academy of Physical Education in Katowice, Poland

* Department of Nervous System and Musculoskeletal System, The Jerzy Kukuczka Academy of Physical Education in Katowice, Poland
3 The Jerzy Kukuczka Academy of Physical Education in Katowice, Poland

6 Department of Biomedical Engineering, Silesian University of Technology, Zabrze, Poland

A — research concept and design; B — collection and/or assembly of data; C — data analysis and interpretation;
D — writing the article; E — critical revision of the article; F — final approval of the article

Advances in Clinical and Experimental Medicine, ISSN 1899-5276 (print), ISSN 2451-2680 (online) Adv Clin Exp Med. 2018;27(5):633-642

Address for correspondence
Aleksandra Nawrat-Szottysik
E-mail: a.nawrat-szoltysik@awf.katowice.pl

Funding sources
None declared

Conflict of interest
None declared

Received on February 17,2016
Reviewed on August 18, 2016
Accepted on January 10, 2017

DOI
10.17219/acem/68381

Copyright

© 2018 by Wroclaw Medical University

Thisis an article distributed under the terms of the
Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Abstract

Background. Osteoporosis is one of the most common diseases that develop with age and cause high
morbidity and mortality among elderly people.

Objectives. This study was set out to evaluate the influence of a program of modified Sinaki exercises, Nordic
walking (NW) and a combination of these physical activities on people with osteoporosis.

Material and methods. A sample consisting of 91 women aged 65—98 years living in residential care
facilities was randomized into 4 groups. The control group (group 1) received only pharmacological treat-
ment. In the other 3 groups, the same drug therapy was enhanced by a program of modified Sinaki exercises
(group 2), Nordic walking (group 3), and Sinaki exercises and Nordic walking applied together (group 4).
At baseline and after 12 months of intervention, the participants were assessed for bone density, rib cage
mobility, motor abilities, risk of falling (Timed Up and Go Test — TUG, Functional Reach Test — FRT), and
locomotor activity (based on pedometer readings). The intervention was completed by 83 participants.

Results. Bone density (T-score) was higher in all intervention groups and in the control group (p < 0.003).
The improvement in rib cage mobility was statistically significantin groups 2 (p < 0.001) and 4 (p < 0.002).
Locomotor activity significantly improved in groups 3 (p < 0.000) and 4 (p < 0.000). The post-intervention
results of the TUG and FRT tests showed a significantly lower risk of falling in group 4. In groups Tand 2, therisk
was higher, but not statistically significantly, and in group 3, it did not change.

Conclusions. Modified Sinaki exercises and Nordic walking significantly improved the mobility of the rib
cage, locomotor activity and motor abilities in the women comprising groups 2 and 3, but the best results
of the intervention were noted in the group treated with both forms of physical activity.

Key words: physical activity, osteoporosis, Nordic walking, elderly people
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Introduction

Osteoporosis is one of the most common diseases which
develop with age and contribute to high morbidity and
mortality rates among the elderly. Its symptoms include
postural deformities, pain and disorders of the alimen-
tary canal and breathing function. Falls resulting in low-
energy fractures are as much a symptom as a consequence.
It is estimated that up to 10-25% of falls reported by resi-
dents of residential care facilities (RCFs) and hospitals lead
to fractures, triple the rate of that for people living in the
home environment.!

Osteoporosis is easier to prevent and diagnose than
to treat, particularly when advanced. Using drugs alone
is not an effective therapy, unlike a comprehensive approach
consisting of pharmacological treatment, appropriate di-
etary intervention and physical activity.2 One of the most
useful physical activities in the case of osteoporotic pa-
tients is walking, during which the musculoskeletal system
counteracts gravitational forces. The alternate contraction
and relaxation of the muscles strengthens them and im-
proves the bone resorption-to-formation ratio.? One type
of walking activity that is becoming increasingly popular
is Nordic walking (NW), i.e., walking with a pair of sticks
similar to those used in cross-country skiing. How exactly
Nordic walking benefits people with osteoporosis is yet
to be established, but it is already known to be an effective
means of rehabilitation and recreation for elderly people.**
The survey of 100 students of the Third Age University
conducted by Morgulec-Adamowicz et al. has indicated that
an increasing number of elderly people are taking an inter-
est in pole-assisted walking.® There is evidence that doing
carefully selected physical exercises on a regular basis can
increase bone mass density (BMD) in young people and
prevent its reduction in the elderly.” Physical exercises have
also been found to improve osteoporotic patients’ mobility
and to alleviate their pain, thus raising their quality of life.
The range of physical exercises that can be effectively used
to manage osteoporosis includes atypical movements that
stretch, flex and twist the musculoskeletal system, and com-
binations thereof. A good example would be isometric and
resistance exercises that make the bones cope with loads
different from those related to regular daily activities.®1

One of the first programs of physical exercises address-
ing the needs of people with osteoporosis was created at
the Mayo Clinic, USA, by Mehrsheed Sinakiin 1982. Three
years later, similar programs were compiled by Goodman,
and by Simkin and Aylon. In 1987, the existing exercises
were modified and standardized by Steinberg.®® The Sina-
ki exercises are performed in a prone or supine position,
a hands-and-knees position, while sitting in a chair, or
on the floor with legs extended forward. The whole set
of exercises can be completed in around 40 min."

In this study, the exercise positions proposed by Sinaki
were modified by reducing their number to 1 sitting posi-
tion that was easy and safe for elderly females.!?
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The purpose of the study was to evaluate the effect
of programs containing modified Sinaki exercises, Nordic
walking and a combination of these 2 activities on people
with osteoporosis.

The specific research goals of the study were the
following:

— to assess the effect of modified Sinaki exercises
on bone density, rib cage mobility, locomotor activity, mo-
tor abilities, and the risk of a fall in elderly women with
reduced bone mass;

— to assess the influence of Nordic walking on these
variables;

— and to assess the joint effect of modified Sinaki exer-
cises and Nordic walking on these variables.

Material and methods

The study protocol was approved by the Bioethics Com-
mission at the Academy of Physical Education in Katowice
(decision No. 7/2009).

The selection of the study participants was performed
based on a set of inclusion and exclusion criteria. The qual-
ifying females had to submit written consent to participate
in the study.

Selection of the sample

The study participants were women staying in 4 resi-
dential care facilities: 2 in Ruda Slaska, 1 in Katowice and
1 in Tychy.

The inclusion criteria were as follows:

— osteoporosis and osteopenia confirmed by densitom-
etry (T-score <-1.0);

— age 265 years;

— the ability to understand the purpose of the study;

— pharmacological treatment for osteoporosis or
osteopenia.

The exclusion criteria included:

— unconfirmed osteoporosis or osteopenia (T-score >-1.0);

— age <65 years;

— reluctance to cooperate;

— problems with understanding the purpose of the study;

— not receiving pharmacological treatment for osteopo-
rosis or osteopenia.

Of the 131 women aged 65-98 years who were initially
screened, 91 were enrolled in the study. They were ran-
domized into 3 intervention groups and a control group,
all receiving the same pharmacological therapy. Group 1
(n = 24) was a control, “drugs-only” group (C). The other
3 groups were additionally administered the following
types of physical activity:

—group 2 (n = 23) (EX) — modified Sinaki exercises (ses-
sions on Mondays and Thursdays);

— group 3 (n = 21) (NW) — Nordic walking (sessions
on Tuesdays and Fridays);
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— group 4 (n = 23) (EX + NW) — a combination of the
above activities (modified Sinaki exercises on Mondays and
Thursdays and Nordic walking on Tuesdays and Fridays).

The study spanned a period of 12 months. By the end
of that period, the group had diminished to 83 women
(20 in group 1 and 21 in each of the other 3 groups) for
reasons such as death (n = 4), major health problems (n = 2)
and voluntary withdrawal (n = 2) (Fig. 1).

Research methods

The participants were examined at baseline, and then
after 12 months of physical exercises. The following meth-
ods were used for measurement:

— bone densitometry — forearm bone density was mea-
sured with a peripheral DXA scanner (PIXI, GE Medi-
cal Systems Lunar, Madison, USA); the Least Significant
Change (LSC) was 2.9;

— measurement of the circumferences of the partici-
pants’ chests at max inhalation and max exhalation to de-
termine rib cage mobility (with a measuring tape [cm]);
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— the Timed Up and Go Test (TUQG) evaluating the par-
ticipants’ mobility and risk of falling by measuring the
time needed to rise from sitting in a chair, walk 3 m along
a line, return to the chair, and sit down. In this study,
the height of the chair (46 cm) was the same as that used
by Siggeirsdoéttir et al.!® The measure of a participant’s
performance was the average time obtained from 2 trials.
According to Zak, an elderly person capable of complet-
ing the test in 20 s has good motor abilities and can get up
and sit down unaided.'* Times longer than 20 s indicate
an increased risk of falling;

— the Functional Reach Test (FRT) evaluating postural
balance and the risk of falling. In the test, a person stands
sideways to the wall with the pelvis and 1 arm touching
it, and raises that arm to 90°. The tip of the middle finger
having been marked on the wall, the person leans for-
ward as far as possible without moving their feet and pel-
vis, and the tip of the same finger is marked on the wall
again. The distance between the 2 marks determines a pa-
tient’s performance on the test. In this study, the average
of 2 trials was used to evaluate the participants. As in other

‘ Assessed for eligibility (n=131) ‘ Excluded (n=40)

- T-score > -1.0
- younger than 65 years

- unwilling to cooperate
- unable to understand the purpose of the study

‘ Randomized (n=91)

- not treated pharmacologically for osteoporosis
‘ or osteopenia

L Allocation

Number of groups

- group 1 (n=24)
- group 2 (n=23)
- group 3 (n=21)
- group 4 (n=23)

Lost to follow-up (n=8)

- death (n=4)
- serious deterioration of health (n=2)

- voluntary withdrawal (n=2)

‘ Analysis ‘
Baseline ‘ After intervention
measurements measurements
- the measurement of rib cage mobility (n=83) - the measurement of rib cage mobility (n=83)
-TUG (n=83) -TUG (n=83)
- FR (n=83) - FR (n=83)
- the measurement of locomotor activity (n=83) - the measurement of locomotor activity (n=83)
- bone density(n=83) - bone density(n=70)

Number of groups

- group 1 (n=20)
- group 2 (n=21)
- group 3 (n=21)
- group 4 (n=21)

Fig. 1. Flow diagram of the study
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studies, it was assumed that a distance smaller than 25 cm
was indicative of a higher risk of falling;

— the measurement of the participants’ locomotor activ-
ity with Yamax Digi-Walker pedometers (Yamax Health
& Sport Inc., San Antonio, USA). The pedometers were
clipped to the participants upon leaving bed in the morn-
ing and were removed before night rest. The participants
wore the pedometers for a total of 14 days, i.e., 7 days before
the study and 7 days after it ended. According to Tudor-
Locke, chronically ill and disabled people aged 65 and older
should take 3,500-5,500 steps a day.'®

Modified Sinaki exercises

Sessions of modified Sinaki exercises started with a warm-
up followed by stretching, isometric and body resistance
exercises, resistance exercises involving the use of a flex-
ible band, abdomen and back strengthening exercises, and
relaxation exercises.

The participants exercised in a sitting position twice
a week for 12 months. Exercises were done to music, and
various accessories were used to make them more inter-
esting. On warm days, participants exercised outdoors.
Researchers stress that the exercises need to be done
on a regular basis, because each time they are discontinued
or done with lower intensity, bone mass density returns
to its baseline values.!®

Nordic walking

Nordic walking is a brisk walk during which specially de-
signed sticks engaging the shoulder girdle muscles are used.
In the study, the NW group exercised, weather permitting,
twice a week on flat terrain for a period of 12 months.
Exercise intensity was set to 70% of the participants’ max
heart rate, and walking speed was 2—3 km/h. During Nor-
dic walking, pedometers were not used.

A single NW session consisted of:

— a5-10 min warm-up including stretching and breath-
ing exercises to enable the participants to exercise at higher
intensity and to reduce the risk of injuries;

— a 30 min walk, the duration of which was increased
by 5 min (16%) every 3 months, finally amounting to 45 min;

— arelaxation phase for restoring and stabilizing normal
cardiorespiratory function in the participants.

Statistical analysis

The statistical analysis started with the calculation
of basic descriptive statistics, such as arithmetic averages,
medians, standard deviations (SD), and kurtosis (Ku) and
skewness (Sk) of the distributions. Their values were tested
for normal distribution using the Kolmogorov-Smirnov
test. Those found to have normal distributions were ana-
lyzed with parametric tests.

A. Nawrat-Szottysik, et al. Physical activity and osteoporosis

In order to determine if modified Sinaki exercises and/
or Nordic walking caused changes in the participants’
bone density, rib cage mobility, motor abilities, locomo-
tor activity, or risk of falling, the repeated factor (the re-
sults of pre- and post-intervention measurements) and the
grouping factor (the type of therapy) were analyzed with
2-way repeated-measure ANOVA. When the effect of the
order of examination (the difference between the results
of pre- and post-intervention measurements), the effect
of a therapy, or the effect of interaction between therapies
were statistically significant, the intergroup differences
were tested with Bonferroni’s post-hoc test to find out
which therapy was statistically significant.

Statistical analysis was performed using STATISTICA
v. 10 software (StatSoft, Tulsa, USA). The level of statistical
significance was accepted at p < 0.05.

Results
The equivalence of the groups

ANOVA showed that the study groups were not signifi-
cantly different at baseline in mean age (f = 0.123; p = 0.95),
BMI (f = 2.09; p = 0.11), T-score (f = 1.56; p = 0.2), or the
length of residence at an RCF (f = 0.39; p = 0.76).

The participants ranged in age from 65 to 98 years (the
mean age was 81 years). Their mean BMI and mean bone
density were 26.9 and -3.3, respectively. The average length
of residence at an RCF was 4.7 years.

The effect of intervention on bone density

Bone density measurements were made post-interven-
tion in 60 participants (16 in group 1, 19 in group 2, 11
in group 3, and 14 in group 4). Because of health problems,
23 females did not appear for examination (Fig. 1). Bone
densitometry showed that bone mass density had increased
in all exercise groups, as well as in the control group
(T-score) (Fig. 2).

ANOVA indicated that the effect of the order of exami-
nation was statistically significant (p < 0.003) (Table 1).

The effect of intervention
on rib cage mobility

Rib cage mobility improved from baseline in all exercise
groups, but in the control group it deteriorated (Fig. 3).
ANOVA showed that both the effect of the order of exami-
nation (p < 0.000) and the effect of interaction (p < 0.004)
were statistically significant (Table 1).

The results of Bonferroni’s post-hoc test pointed to sta-
tistically significantly better rib cage mobility in groups 2
(p < 0.001) and 4 (p < 0.002) (Fig. 3).
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Fig. 2. Bone density at baseline
and after intervention, by group
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The effect of intervention
on locomotor activity

Twelve months of physical exercises proved insufficient
for the study participants to reach 3,500-5,500 steps per
day, which is recommended for chronically ill people
aged >65 years (Fig. 4).15

ANOVA showed that the effect of the type of therapy

Table 1. ANOVA results

Bone density

Rib cage mobility

(p < 0.029), of the order of examination (p < 0.000) and
of the interaction between them (p < 0.000) were signifi-
cant (Table 1).

Bonferroni’s post-hoc test revealed that locomotor activ-
ity (i.e., the daily number of steps) improved statistically
significantly after intervention in groups 3 (p < 0.000)
and 4 (p < 0.000). In the control group, it was statistically
significantly worse (p < 0.005) (Fig. 4).

Locomotor activities Motor abilities

Therapy 1.165 0.331 0.444
Order of examination 9957 0.003 23475
Interaction 0.300 0.825 4.878

0.722 3.155 0.029 4.716 0.004
0.000 25618 0.000 0.582 0.448
0.004 29.103 0.000 9.984 0.000
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The effect of intervention
on motor abilities

After 12 months of intervention, all exercise groups
scored higher on the Timed Up and Go Test, but the con-
trol group’s scores were worse than at baseline (Fig. 5).

ANOVA showed that the effect of the type of therapy
and interaction were statistically significant (p < 0.004
and p < 0.000, respectively) (Table 1).

The results of Bonferroni’s post-hoc test revealed sig-
nificant improvement in group 4, who completed the TUG
test in significantly less time (p < 0.035). However, the
scores of group 1 (controls) were significantly worse than
at baseline (p < 0.005) (Fig. 5).

after

The effect of intervention
on the risk of falls

Participants’ scores on the post-intervention TUG
test showed a considerably lower risk of falls in group 4,
a slightly higher risk in groups 1 and 2 and the same risk
in group 3 (maximum likelihood x? (ML x?) of 9.473;
p = 0.148) (Fig. 6).

Participants’ scores obtained on the FRT were consistent
with their scores on the TUG test (ML x2 of 8.42; p = 0.20)
(Fig. 7).

Participants’ scores on the post-intervention TUG test
showed that 90% of women in group 1, 90.5% in group 2,
61.9% in group 3, and 52.4% in group 4 were at risk of falls.
The ML x? value revealed that the differences between
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these rates were statistically significantly different (x* value
of 12.80; p = 0.00), in contrast with those calculated at
baseline (x? value of 4.33; p = 0.22).

The FRT scores obtained post-intervention were simi-
lar, but the ML x? test did not show the risk of falls to be
statistically significantly different between the groups
(x* value of 7.012; p = 0.07).

Discussion

Many studies provide evidence that anti-osteoporotic
therapy is more effective in groups that also do physi-
cal exercises than in groups where physical activity
is not increased.!”!® In the study by Simkin and Ayalon,
14 women aged 53—-54 years participated in a 5-month
program of bone strengthening exercises. The bone density
measurements performed at month 6 showed that in the
exercise group, bone density level was greater by almost
4%, while in the control group it had decreased by 2%.!!
Dalsky et al. studied 2 groups of post-climacteric women,
1 of which exercised for 22 months while the other (con-
trols) abstained from exercise. In the exercise group,
bone mass increased by 6.1%, but in the control group no
changes in BMD were noted.!? According to Ishimi’s recent
article, secondary prevention of osteoporosis must be ac-
companied by an essential change in lifestyle, including
a new approach to nutrition, physical activity, smoking,
and alcohol intake.?° In the review article on Nordic walk-
ing that Opara has published recently, the health benefits

Fig. 7. Risk of falls at baseline and after
intervention according to the Functional
Reach Test scores

M before
M after

Group 4

that the activity offers include improved gait efficiency,
coordination and postural stability. Most importantly,
however, Nordic walking reduces the risk of falls which
in the case of osteoporotic patients can have extremely
painful consequences.?!

Weber-Rajek et al. indicated in their review report
that while the whole-body vibration exercise could be
recommended for the management of postmenopaus-
al osteoporosis, it could not replace pharmacological
and dietary therapies.?? Hakestad et al., working for the
OsteoACTIVE program, reported that exercises with
weight vests and a patient education program were effec-
tive in the case of women with osteopenia and a healed
wrist fracture.?

Most studies on osteoporosis recommend walking in ad-
dition to other physical exercises. Dawson-Hughes et al.
established that post-climacteric women walking approx.
1 mile per day had higher bone density than those walk-
ing shorter distances.?* This observation was supported
by Shangold, who found bone density to be higher and
more stable in people walking several kilometers per day.?
In the Pindel and Pluskiewicz study, the only effective exer-
cise was a brisk walk with an additional load applied to the
spine.?® Bonaiuti et al. reported that in participants who
walked 20—25 min every day covering a distance of 1-2 km,
mineral bone density improved.?’

One of the aims of this study was to establish whether
Nordic walking and modified Sinaki exercises would have
an effect on the participants’ BMD. The results are less opti-
mistic than those presented above. Bone density improved
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not only in the 3 exercise groups but also in the control
group. Intervention was most effective in groups 2 and 3
(T-score higher by 0.5) and group 4 (0.3). In the control
group, T-score improved by as little as 0.2. The intergroup
differences were not statistically significant, probably be-
cause of bone density being measured at the distal radial
bone and not at the lumbar spine, which is more suitable
for monitoring the course of treatment. In none of the
4 groups did bone density change statistically significantly.
Smidt also failed to find statistically significant differences
between women doing resistance exercises 3 times a week
over a period of 12 months and those who did not exercise
(bone mass decreased in both groups).2® The higher post-
intervention BMD values in this study’s exercise groups
and control group imply that bone density was mainly
determined by pharmacological treatment, which was the
same in all groups. Cukras and Jegier reported that al-
though regular physical activity could slow down skeletal
demineralization in people over 50 years of age, it was less
effective than anti-osteoporotic drugs. They concluded
that physical activity should be used as an enhancement
of nutritional therapy and pharmacotherapy rather than
as primary treatment for people with low BMD.%»

According to many researchers, regular physical activ-
ity offers elderly people with osteoporosis more health
benefits than a moderate increase in bone density alone.
These benefits include better respiratory function, greater
independence in everyday activities and improved physical
and mental function. Of equal importance is the fact that
physical activity increases muscle strength, endurance,
balance, and motor control, thus reducing the risk of falls
and fractures.>3°

In this study, 12 months of regular physical exercises
significantly improved rib cage mobility in groups 2 and 4
(by 1.1 cm). The 0.5 cm increase noted in group 3 was not
statistically significant, and in group 1 (controls), rib cage
mobility decreased by 0.1 cm. According to Roczniak etal.,
respiratory exercises and exercises stretching the inter-
costal muscles can help preserve or increase rib cage mo-
bility in osteoporotic patients.3! The results of this study
lead to the same conclusion, because rib cage mobility im-
proved only in groups 2 and 4, the ones who did modified
Sinaki exercises including the abovementioned exercises.

Elderly people are assessed for the risk of a fall by means
of the Timed Up and Go Test and the Functional Reach
Test measuring their motor abilities and postural bal-
ance. A review of studies provided conflicting infor-
mation on whether physical exercises can improve
performance in these tests. In the study that Zak et al.
carried out with 28 residents of a Chorzéw RFC, af-
ter 12 months of a fall prevention program, 29% of the
participants had less difficulty rising from a chair, 67%
performed as before and 4% reported that the TUG test
was more difficult for them. The results were statistically
significant.3? In the study by Kozak-Szkopek and Galus,
22 females (aged 72—-88 years) living in a care facility for
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retired health care personnel in Warszawa participated
in a 2-month rehabilitation program made up of indi-
vidual and group exercises (general fitness and breathing
exercises, also stretching exercises with the Tri-Gym™
device; KOO Medical, Shanghai, China) that were done
for 30 min, 3 times a week. The program reduced the aver-
age time the participants took to complete the TUG test
from 12.41 s to 11.27 s. However, the difference was not
statistically significant (p = 0.06).3® The results that Bal-
lad et al. obtained in a study with 2 groups of 20 women
aged >65 years (the intervention group and the control
group) were not statistically significant, either. The first
of them exercised for 1 h, 3 times a week over a period
of 15 months. The average results each group achieved
in the FRT performed at baseline and after intervention
were not statistically significantly different from each other
(10.5 cm).3* In the Metel et al’s study, the exercise group
that did sensorimotor exercises twice a week did not per-
form significantly better than controls on the FRT and
TUG tests. The authors concluded that the most likely
reason why the tests failed to show the expected positive
changes was the physical fitness of the participants in the
exercise group.

In our study, after 12 months of modified Sinaki exer-
cises and Nordic walking, all 3 exercise groups took less
time to complete the TUG test. Group 4 was statistically
significantly faster than at baseline (by 4 s; p < 0.035), and
groups 2 and 3 were slightly faster (by 0.2 s and 2.5 s, re-
spectively), but the differences were not statistically sig-
nificant. Group 1 (controls) performed significantly worse
than at baseline (by 4.8 s; p < 0.005). The FRT performed
post-intervention showed that postural balance improved
statistically insignificantly in groups 4 and 3 (as indicated
by functional reach increasing by 7.8 cm and 0.9 c¢m, re-
spectively). It is likely that the results would have been
better had the modified Sinaki exercises and Nordic walk-
ing programs been enhanced by static and dynamic bal-
ance exercises, exercises with balance discs and training
in getting up after a fall. The same conclusion was reached
by Zak et al., who conducted a study with 46 persons aged
78-86 years suffering from gait disorders and impaired mo-
bility. At baseline, it took them from 21 to 30 s to complete
the TUG test (as in our study). The intervention consisted
of rehabilitation exercises (the same as we used), postural
balance exercises and training in walking safely. Partici-
pants exercised at home for 45 min, 3 times a week for
a period of 12 months. After intervention, 62.5% of them
completed the TUG testin 11-20s (p < 0.004).3¢ Wnuk et al.
studied 30 osteoporotic patients aged 60—80 years with im-
paired physical fitness and balance disorders. In addition
to doing exercises used in the earlier studies (stretching and
strengthening exercises, resistance exercises with flexible
bands, circulation, breathing and relaxation exercises, etc.),
they also exercised while sitting on balance discs and walked
backwards on a treadmill.?” The intervention significantly
improved their performance on the FRT and TUG tests.
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There are studies according to which the postural
balance of people with reduced bone mass can also be
improved by Tai Chi training. Evidence of this has been
provided by Maciaszek et al., who studied the effect
of 18 weeks of Tai Chi training on postural balance and risk
of falling. The study involved 49 males aged 60-82 years
of age diagnosed with osteopenia or osteoporosis. They
were divided into an exercise group (n = 25) that did Tai
Chi twice a week for 45 min and a control group (n = 24).
Body balance measurements were made with the Com-
puter Posturographic System PE 90 (Natus Medical Inc.,
Pleasanton, USA). The measurements were also an op-
portunity to analyze the participants’ ability to perform
specific balance tasks (by measuring deflections in the set
scope and direction). Intervention increased the effective-
ness of balance task performance (p < 0.01) in the Tai Chi
group from 80.95% to 84.45%, while in the control group,
a statistically significant improvement in the level of body
balance was not noted.>®

This study also sought to establish the effect of 12 months
of Sinaki exercises and Nordic walking on the number
of steps the study participants took per day. Bonfer-
roni’s post-hoc test showed a statistically significant in-
crease in the number of steps in groups 3 (p < 0.000) and
4 (p < 0.000), and a significant reduction in the control
group (p = 0.005). Not a single participant reached the
level of 3,500-5,500 steps per day, which is recommended
for chronically ill persons aged >65 years.!® The highest
statistically significant increase in the number of steps was
observed in group 4 (272.3 steps). In the Fitzpatrick et al’s
study with 418 elderly persons (mean age of 75 years),
4 months of chair exercises and walking increased the
daily number of steps by 29% (p < 0.0001) and extended
the duration of physical activity by 26% (p < 0.001). The au-
thors also noted that with the increased locomotor activity
of the study participants, their physical fitness improved.*

Conclusions

The results of the study allow the following conclusions
to be drawn:

— the program of modified Sinaki exercises performed
twice a week for 12 months statistically significantly in-
creased rib cage mobility and insignificantly improved
motor abilities and bone density in the elderly women with
reduced bone mass participating in the study;

— the Nordic walking program, during which partici-
pants exercised with the same frequency as above, statisti-
cally significantly increased their locomotor activity, while
the improvement in motor abilities, bone density and rib
cage mobility was not statistically significant;

— the program combining modified Sinaki exercises
and Nordic walking that the study participants performed
4 times a week for a period of 12 months proved the most
effective therapeutically; it statistically significantly
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increased their motor abilities, rib cage mobility and loco-
motor activity, and it improved bone density and reduced
the risk of falls, though not significantly;

— in the control group, measurements performed after
12 months of intervention revealed statistically insignifi-
cantly higher bone density, significantly lower locomotor
activity and insignificantly decreased rib cage mobility and
motor abilities, while the risk of falls was higher than at
baseline.
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Abstract

Background. Brucellosis in humans is one of the most prevalent zoonotic diseases around the world with
more than 500,000 new cases per year. Itis a weakening disease that requires long-term antibiotic treatment,
often resulting in permanent and disabling consequences. Outer membrane proteins (OMPs) of Brucella,
which are non-lipopolysaccharide (LPS) antigens, have been used for the diagnostic kits of brucellosis and
vaccine design.

Objectives. The aim of this study was to identify Brucella abortus with an immunofluorescence (IF) test
using an antibody against recombinant outer membrane protein (OMP) of 19 kDa of this bacterium.

Material and methods. The OMP19 gene of Brucella spp. was synthesized, cloned and expressed in £sch-
erichia coli cells. The OMP19 protein was purified by metal chelate affinity chromatography and subsequently
used for the immunization of rabbits to produce a polyclonal antibody. Then, this antibody was conjugated
to fluorescein isothiocyanate (FITC) and used for the detection of Brucella by an IF test. Also, the sensitivity
and specificity of this antibody for the diagnosis of clinical isolates was calculated.

Results. Outer membrane protein 19 was expressed well and reacted with a commercial antiserum against
His-tag in an immunoblot assay. Polyclonal antibodies obtained from the serum of rabbits immunized with the
purified protein showed strong reactivity in the enzyme-linked immunosorbent assay (ELISA). Moreover, the
polyclonal antibody conjugated to FITC was able to properly identify Brucella abortus. Sensitivity and specificity
of this IF testin comparison with a polymerase chain reaction (PCR) assay was 84.2% and 50%, respectively.

Conclusions. This high-titer antibody could potentially be valuable for the specific diagnostic test of brucel-
losis.

Key words: antibody, immunofluorescence assay, OMP19, Brucella abortus
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Introduction

Brucella spp. are intracellular Gram-negative bacteria
that cause human disease and significant economic losses
worldwide due to livestock infection.! Lipopolysaccharide
(LPS) of Brucella spp. elicits long-term serological reac-
tions in vaccinated and infected animals.!~* In serologic
tests, LPS of the bacterial cell membrane has been mainly
used to identify particular antibodies. For these reasons,
it is difficult to differentiate between infected and vacci-
nated animals using LPS-based serological tests.>~® More-
over, serological examinations on the basis of the detection
of LPS, due to a cross-reaction with other Gram-negative
microorganisms, for example Salmonella spp., Escherichia
coli and Yersinia enterocolitica O:9, cause false-positive re-
actions.’~!2 Outer membrane proteins (OMPs) of Brucella,
which are non-LPS antigens, have been used for the diag-
nostic kits of brucellosis and vaccine design.!3-!8 The Bru-
cella cell wall consists of a peptidoglycan (PG) layer firmly
connected with the external layer consisting of at least 75
proteins with several OMPs.!® These include the major
OMPs of group 2 (porin, 34—40 kDa), group 3 (25-30 kDa)
that was described initially by Dubray and Bezard?®
and Verstreate et al.,?! the lipoprotein covalently bound
to PG,?>2% and the minor OMPs of group 1 (88-94 kDa).
The OMPs of Brucella spp. have been widely considered
as potentially defensive and immunogenic antigens.?*2
Monoclonal antibodies (mAbs) against group 1, 2 and 3
OMPs, as well as mAbs to minor surface-exposed OMPs
with molecular masses (MMs) of 10, 16, 19, and 31-34 kDa
(the latter is a major OMP in B. melitensis strains but
is less abundant in B. abortus), have been produced.?®
Physicochemical and practical examination has recently
confirmed that OMP10, OMP16 and OMP19 are lipopro-
teins that are uncovered at the cell surface.?” It has been
proven that these lipoproteins are present in several Bru-
cella strains. These strains represent all 6 Brucella species
and all their biovars. According to published data, OMP19
is an immunoreactive outer membrane lipoprotein,28-33
The appearance of OMP19 has been proven to be nec-
essary for the acceptance of a defensive reaction by the
vaccine strain B. abortus S19, since the abrogation of its
gene in this strain leads to the destruction of its protective
ability in heifers,3* showing that OMP19 should be a key
component of a subunit vaccine against brucellosis. Fur-
thermore, we have previously reported that recombinant
OMP19, when injected with the mucosal adjuvant cholera
poison, is a protective mucosal antigen that confers pro-
tection against an oral challenge with virulent Brucella.*
For this reason, in this research, we expressed OMP19 for
the creation of a polyclonal antibody to use it in an im-
munofluorescence assay (IFA).

The study was endorsed by Animal Experimentation
Ethics Committee of Kerman University of Medical Sci-
ences, Iran.
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Material and methods
Cloning and expression

The OMP19 gene was synthesized based on the exist-
ing gene sequence of B. abortus (accession No. U35742)
and cloned into the pET-28a expression vector by Genray
Biotechnology Company (Shanghai, China). The pET-28a
vector allowed the expression of the cloned gene as a fu-
sion protein with a 6-histidine residue at the amino ter-
minus. The recombinant plasmid was transformed into
an E. coli strain BL21 (DE3) competent cell by the heat
shock method (42°C for 90 s), according to standard proto-
cols.?> The transformant bacterium was chosen from Luria
Bertani (LB) agar medium containing 30 pg/mL of kana-
mycin. The transformant was grown in 10 mL LB con-
taining 50 mg/mL kanamycin at 37°C, shaken at 200 rpm
overnight. Then, 1 mL of the medium was supplemented
to 100 mL of fresh LB. The transformant was grown at
37°C until the optical density (OD) at 600 nm achieved 0.6,
and after being prompted by including Isopropyl-p-D-
1-thiogalactopyranoside (IPTG) at a final concentration
of 1 mM and incubation at 25°C overnight with shak-
ing. The transformant was amassed by centrifugation
at 5000 x g for 10 min, then the cell was resuspended in
the (5-pellet volume) lysis buffer pH 8.0 (300 mM NaCl,
10 mM Imidazole, 50 mM NaH,PQO,) and incubated at 4°C
for 30 min. The lysate was also sonicated (10 s pulse on fol-
lowed by 10 s pulse off, total time: 4 min). The resulting
lysate was centrifuged at 5000 x g for 30 min at 4°C. The su-
pernatant including the recombinant protein was examined
by sodium dodecyl sulfate-polyacrylamide gel electrophore-
sis (SDS-PAGE), using 5% stacking and 15% resolving gels,
dot blot and western blot analyses. The recombinant OMP19
was purified using metal chelate affinity chromatography
by Ni-NTA column (Qiagen, Hilden, Germany).

Immunization

A New Zealand white female rabbit was immunized
intramuscularly with the purified recombinant OMP19
protein (0.5 mg/mL) mixed with Freund’s complete adju-
vant (Sigma-Aldrich, St. Louis, USA) (1:1) administered
into the back legs of the rabbit, followed by 2 injections
emulsified with Freund’s incomplete adjuvant and without
adjuvant, respectively, at 2-week intervals.

Antiserum collection

The rabbit was bled 4 times (before each injection and
2 weeks after the 3" injection). Blood was obtained from
the marginal vein of the ear and kept at 4°C overnight. Se-
rum was isolated by centrifugation at 3000 x g for 10 min
and put away at —~20°C until utilized.

To evaluate the serum titer, 2 enzyme-linked immu-
nosorbent assay (ELISA) tests were carried out. In the
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15t ELISA test, the reaction of serum during immunization
against the purified recombinant protein was tested. In the
2" ELISA test, final serum was diluted from 1/100 until
1/100000 to determine the serum titer.

Enzyme-linked immunosorbent assay

Sera were assessed by ELISA for antibody reactivity vs
the recombinant OMP19 as follows: 96-well polystyrene
microtiter plates (Nunc, Roskilde, Denmark) were covered
with the recombinant OMP19 (100 pL per well) in phos-
phate-buffered saline (PBS) (Sigma-Aldrich, St. Louis,
USA) at a density of 25 pg/mL and incubated overnight
at 4°C. The wells were washed 3 times with PBS and
blocked with 200 pL of blocking buffer PBS containing
3% bovine serum albumin (BSA) (Sigma-Aldrich) for 2 h at
37°C. After 3 washes, the diluted sera were added and the
plates were incubated for 1 h at 37°C. The plates were then
washed 3 times with 0.1% (v/v) Tween-20 in PBS (PBST).
Antibodies attaching to OMP19 were visualized using
100 pL polyclonal goat peroxidase-conjugated anti-rabbit
IgG (Bio-Rad Laboratories, Inc., Hercules, USA) diluted
15,000-fold in blocking buffer. After 1-h incubation at
37°C, the plates were washed with PBST and developed
with 100 pL of 3,3’,5,5-tetramethylbenzidine (TMB) sub-
strate (1 mL TMB, 9 mL of citrate-phosphate buffer, pH 5,
and 3 pL of 30% H,0,). The reaction was stopped after
15 min by the addition of 50 uL 1.0 M H,SO, to each well
and read at 450 nm by the ELISA plate reader.

Immunofluorescence test

The polyclonal antibody was purified using the Proteus
Protein Mini Purification Spin Column Pack (Bio-Rad Labo-
ratories, Inc., Hercules, USA). The antibody was conjugated
to fluorescein isothiocyanate (FITC) using standard proto-
cols. Briefly, 40 uL of antibody (100 pg/mL) was mixed with
80 pL of borate buffer (0.1 M). Then, 4 uL of FITC (1 mg/mL)
was added to 120 puL of the mixture and incubated at 37°C for
30 min. The conjugated antibody was stored at 4°C until use.

The detection of B.abortus by IFA: The amount
of 500 pL of culture medium, which included B. abortus,
E. coli, Salmonella, and Klebsiella (negative controls), was
centrifuged at 4000 x g for 10 min. The resulting pellets
were washed 3 times with PBS and suspended in 200 pL
of PBS. Then, 20 pL of the conjugated antibody was added
and the suspensions were incubated at room temperature
overnight with shaking. Subsequently, the suspensions were
centrifuged, washed 3 times with PBS, and then 10 uL of the
samples were examined under a fluorescence microscope.

In this study, 29 bacterial isolates including 19 Brucella
isolates, confirmed with specific primers in the polymerase
chain reaction (PCR), and 10 non-Brucella isolates without
a specific amplicon in the PCR, were used to determine the
sensitivity and specificity of the above-mentioned immu-
nofluorescence (IF) test, using the anti-OMP19 antibody.

The results of variables, including truly positive (TP), truly
negative (TN), false positive (FP), and false negative (FN)
ones, were analyzed using the following formulas:

Sensitivity = [TP/(TP + EN)] x 100
Specificity = [TN/(TN + FP)] x 100

Results
Expression and purification

The induced transformant was examined using SDS-
PAGE and immunoblotting. The SDS-PAGE examination
of extracted total proteins indicated that OMP19 was ex-
pressed successfully with an estimated molecular weight
of 19 kDa (Fig. 1, 2). The protein was transferred to the
nitrocellulose membrane and the specificity of the ex-
pressed 6xHis-tagged recombinant OMP19 protein was
determined using a commercial anti-His-tag antibody
(Sigma-Aldrich, St. Louis, USA) by an immunoblot as-
say (Fig. 3, 4). The recombinant protein was purified with
an affinity chromatography and subsequently used for the
immunization of the rabbit.

Fig. 1. SDS-PAGE analysis
of total cell lysate of E. coli
producing the OMP19
protein

OMP19 — the recombinant
outer membrane protein 19
kDa; lane 1 — OMP19; lane M
- protein prestained ladder;
the arrowhead shows the
location of the Brucella
recombinant protein.

Fig. 2. SDS-PAGE analysis
of the purified recombinant
Brucella OMP19 protein

OMP19 - the recombinant
outer membrane protein
19 kDa; lane M — protein
prestained ladder.
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Fig. 3. Dot blot analysis of the 3
1 2 expressed His-tagged OMP19 25 P i
protein, using a commercial , //
anti-His-tag peroxidase- / —o— OD values for OMP 19
conjugated antibody 15 /
1
~ OMP19 - the recombinant 05 /
~ outer membrane protein 19 o /
kDa; lane 1 - OMP]g' lane 2 - Before the 1° Before the 274 Before the 3¢ 2 weeks after
nega‘[ive control. injection injection injection the third injection
(preimmune
l)semm)
Fig. 5. The production of the polyclonal antibody against the
Fig. 4. Western blot analysis of the recombinant outer protein 19 kDa (OMP19) of Brucella spp. during the
53 KD expressed His-tagged OMP19 immunization of a rabbit by the enzyme-linked immunosorbent assay
a
| protein, using a commercial anti- (ELISA)
41 kDA His-tag peroxidase-conjugated OD - optical density.
P antibody
30 kDa 25
22 kDa OMP19 - the recombinant outer ’
membrane protein 19 kDa; lane ) \
4 1 = OMP19; lane M — protein \
18 kDa | prestained ladder. 15 \ —o— OD values for OMP 19
14 kDa 1 ¥ —@—Control negative

Production of a polyclonal antibody

The immunization of a New Zealand white female rab-
bit led to the production of a specific polyclonal antibody
against the OMP19 protein. As Fig. 5 shows, during the
immunization procedure the titer of the antibody against
this protein rose gradually. Figure 6 indicates that a high
affinity antibody with a strong reaction was achieved after
the last immunization.

Fig. 7. Recognition of Brucella with a fluorescence microscope

A - B. abortus; B — negative controls.

0.5
=, i = -, S, =, =l
1:100  1:500 1:1000 1:5000 1:10000 1:50000 1:100000
Dilution

Fig. 6. Determination of the titer of the polyclonal antibody by the
enzyme-linked immunosorbent assay (ELISA)

OD - optical density.

Recognition of Brucella
with a fluorescence microscope

The anti-OMP19 polyclonal antibody conjugated
to FITC was able to properly identify B. abortus, while the
negative controls were not identified (Fig. 7). In evaluating
sensitivity and specificity, 16 of 19 Brucella isolates and
5 of 10 non-Brucella isolates were IF-positive in the test.
Therefore, the sensitivity and specificity of this test were
84.2% and 50%, respectively.
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Discussion

The diagnosis of brucellosis by serological examinations
on the basis of the detection of antibodies against LPS of bac-
terial cell membranes causes false positive results in some
cases because of cross-reactivity with other Gram-negative
microorganisms. The OMPs of Brucella spp. have been widely
considered as potential immunogenic and protective antigens.

In this research, 1 OMP of Brucella, a non-LPS group
of immunogens, was used. The OMP19 was expressed as
a fusion protein containing 6xHis-tag. The recombinant
OMP19 reacted positively with the antibody against His-
tag in blotting assays. The immunization of a New Zea-
land white female rabbit by the recombinant OMP19 led
to a high-titer polyclonal antibody, as showed in ELISA.
The high-titer polyclonal antibody can be utilized for ex-
perimental biology, medicine, biomedical research, the
development of a vaccine and improved diagnostic tests.
Some other investigators have previously produced par-
ticular antibodies vs several OMPs of Brucella. For exam-
ple, several mAbs to 7 Brucella outer membrane proteins
were considered by Cloeckaert.!* These antibodies were
achieved by vaccinating mice with sodium dodecyl sulfate-
insoluble (SDS-I) portions, cell walls, or whole bacterial
cells of B. melitensis or B. abortus. The OMPs detected
by these antibodies were the proteins with a molecular
weight of 25-27 kDa and 36-38 kDa (porin) (major pro-
teins), and the proteins with a molecular weight of 10, 16.5,
19, 31-34, and 89 kDa (minor proteins).?

The production of an mAb against OMPs with a mo-
lecular mass of 25-27 kDa (Ba-4, Ba-5), 36—38 kDa (Ba-6)
of B. abortus S99 and rOMP31 of goat Brucella was per-
formed by Farshad et al. and Zheng et al.3%%" It was proven
by Ghasemi et al. that the immunized serum was achieved
from a rabbit that was inoculated with attenuated B. meli-
tensis. This serum contained antibodies against recombi-
nant OMP31 (rOMP31).2® The production of antibodies
against OMPs of B. ovis in rams was performed by Riezu-
Boj et al.* The production of immunoglobulins was inves-
tigated by Sung et al. in BALB/c immunized with Cu/Zn
superoxide dismutase (SOD1) and OMP2b porin of B. abor-
tus.*® The production of an antibody against the minor
89-kDa OMP of Brucella in cattle was performed by Limet
etal.*! Western immunoblot analysis using antisera raised
against 3 strains of B. abortus, i.e., RB 51, S19 and a local
field isolate of biotype 1 in buffaloes, indicated the pro-
duction of antibodies against OMPs in a study by Munir
et al.*?> On the basis of previous studies, it can be stated
that OMPs of Brucella are capable of inducing an immune
response and antibody production. These antibodies can
be utilized for the improvement of vaccine candidates and
diagnostic tests of brucellosis.

The antibody produced against the recombinant OMP19
had a high titer. Therefore, it could be utilized for diagnostic
tests of brucellosis and the improvement of vaccine candidates
for humans and animals. Moreover, this antibody conjugated
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to FITC was able to properly identify B. abortus. Therefore,
it could be used for diagnostic tests of brucellosis in humans
and animals. Although the sensitivity of antibodies was high,
their specificity was moderate in an IF test. This could be due
to some cross-reactions of the polyclonal antibody.
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Abstract

Background. Interdisciplinary physical therapy together with pharmacological treatment constitute conser-
vative treatment strategies related to low back pain (LBP). There is still a lack of high quality studies aimed at
an objective evaluation of physiotherapeutic procedures according to their effectiveness in LBP.

Objectives. The aim of this study is to carry out a prospective, randomized, single-blinded, and placebo-
controlled clinical trial to evaluate the effectiveness of magnetic fields in discopathy-related LBP.

Material and methods. A group of 177 patients was assessed for eligibility based on inclusion and exclusion
criteria. In the end, 106 patients were randomly assigned into 5 comparative groups: A (n = 23; magnetic
therapy: 10 mT, 50 Hz); B (n = 23; magnetic therapy: 5 mT, 50 Hz); C (n = 20; placebo magnetic therapy);
D (n= 20; magnetic stimulation: 49.2 uT, 195 Hz); and E (n = 20; placebo magnetic stimulation). All patients
were assessed using tests for pain intensity, degree of disability and range of motion. Also, postural stability
was assessed using a stabilographic platform.

Results. In this study, positive changes in all clinical outcomes were demonstrated in group A (p < 0.05).
The most effective clinical effect was observed for pain reduction (p < 0.05), improvement of the range
of motion (p < 0.05) and functional ability of the spine (p <0.05). It is also worth noting that the effects
in the majority of the measured indicators were mostly short-term (p > 0.05).

Conclusions. It was determined that the application of magnetic therapy (10 mT, 50 Hz, 20 min) significantly
reduces pain symptoms and leads to an improvement of functional ability in patients with LBP.

Key words: low back pain, clinical assessment, lumbar discopathy, stabilometric platform, magnetic field
therapy
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Introduction

Lumbar spinal pain syndrome (LSP), commonly referred
to as low back pain (LBP), is defined as pain located be-
tween the 12" rib and the inferior gluteal folds, which
progresses down the lower extremities with the possibility
of peripheralization.! LBP affects a majority of the popula-
tion, irrespective of age, as it often begins in childhood and
adolescence, where the frequency of occurrence is similar
to that in the adult population.?

LBP occurs at least once in a lifetime in 65—-80% of adults,
and in 15% of patients it occurs more frequently, becoming
a chronic condition.? In 54—-90% of patients, symptoms
recur within 1 year from the first episode.*> The chronic
form of LBP is a major cause of reduced daily life mobil-
ity and activity and the related deteriorated quality of life
in persons under the age of 45 years.®” Despite the seri-
ousness of the problem, it is possible that no more than
10% of all patients suffering from LBP will seek the help
of a physician or a physical therapist.®

The lumbar region of the spine is the area where pain
is most frequently located due to the greatest multiplane
mobility and the occurrence of forces burdening its sta-
bilizing structures, as well as the constant accumulation
of micro-injuries and overloading, which most often result
from non-ergonomic habits and movement patterns.>1°
In the vast majority, i.e., 90% of all cases, lumbosacral pain
is nonspecific and depends on the level of physical activ-
ity, among other things, which translates into excessive
overload of the spine.®!!

Among the most frequently indicated causes of LBP are
degenerative proliferative changes, ankylosing spondylitis,
osteoporotic changes, or secondary post-traumatic defor-
mations. However, the most frequent cause of LBP is defi-
nitely a chronic intervertebral disc disorder, falling under
the term “discopathy”.!? Long-term persistent changes
in the affected spinal segments may provoke chronic
structural and degenerative disorders in the muscles of the
lumbar region.!?

In addition to pharmacological treatment, interdisciplin-
ary physical therapy is the superior conservative treat-
ment method for ailments related to LBP.1*~7 The methods
used for therapeutic purposes include standard kinesio-
therapeutic exercises, various massage and neuromobi-
lization methods, proprioception training, and manual
mobilization and manipulation techniques in individual
therapy with the patient, as well as a wide range of physi-
cal methods, including magnetic therapy and magnetic
stimulation.!8-22

Even though many various physical therapy methods are
used on a daily basis to combat LBP, few of them are based
on substantiated and reliable scientific grounds supported
by reliable clinical research of high methodological quality.
This also refers to the use of magnetic fields, which may
often prove to be of little or no help, and are therefore
completely pointless.

J. Taradaj, et al. Magnetic fields in lumbar discopathy

Undeniably, there is a justified need for the continu-
ous search for the most efficient methods to help an LBP
patient in combating the severe and progressive reduc-
tion of mobility which results in secondary pathological
changes in the form of various asymmetries and destabi-
lization of the postural pattern, as compared to healthy
individuals.?32*

Observing the center of pressure and asymmetry in the
burden placed on feet in patients with LBP using objective
tools, such as a stabilometric (posturographic) test, may be
a precise method of monitoring the patient’s condition and
the ongoing progress of therapy. It also offers full control
over the complex treatment process and allows the verifi-
cation of scientific hypotheses during clinical studies.?>?°

It is worth noting that none of the articles published to date
which present the possibilities of therapeutic application
of pulsed magnetic fields in LBP have used several compari-
son groups in 1 experiment (analysis of the potential effect
of magnetic induction on clinical effects). Also, no detailed
randomization was used, and such studies were often con-
ducted with relatively small groups of patients and were based
solely on subjective questionnaires and pain assessment
scales, disregarding the available measurement methods
which would objectify therapeutic progress. It must also be
stressed that the available studies did not include an analy-
sis of long-term follow-up results which would clearly state
whether the achieved therapeutic effect was only temporary
or whether there was a long-term remission of symptoms.

The purpose of this study was to attempt to carry out
a prospective, randomized and controlled clinical trial
with a single blind trial and a thorough analysis of the
effectiveness of magnetic fields with varying intensity
in the treatment of symptoms of discopathy-related LBP,
based on reliable and homogeneous research material.
The primary goal was to demonstrate the therapeutic ef-
ficacy of magnetic fields with different levels of magnetic
induction on pain reduction, functional ability improve-
ment, increased range of joint mobility, and a presentation
of positive therapeutic effects in terms of postural control.
The secondary goal was to identify the most efficient form
of magnetic stimulation, considering the values of magnet-
icinduction with regard to the evaluated clinical symptoms
and stabilometric parameters.

Material and methods
Patient qualification

The research project was approved by the Bioethics
Commission of the Academy of Physical Education in Ka-
towice (Poland) with resolution No. 10/2012 of December
13, 2012. The study recruited patients with lumbosacral
discopathy, referred for physical therapy to the OzonMed-
ica Clinic in Gorlice (Poland). The project spanned from
September 2, 2013 to May 20, 2016.
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The qualification of patients was done by a team com-
posed of an orthopedist, a neurologist, a neurosurgeon,
an internist, a radiologist, and a physical therapist. The se-
lection of patients for participation in the study was pur-
poseful. Patients who qualified for the study suffered
from L5-S1 discopathy, chronic (lasting over 6 months)
radiating pain and pseudoradicular syndrome, and had
no previous surgical procedures within the spinal area.
The patients had to be at least 18 years old and have recent
magnetic resonance imaging (MRI) scans confirming their
diagnosis (at least type III° changes in accordance with the
Modic classification in the L5-S1 section). The qualified
patients were randomly assigned to 6 comparison groups.

Inclusion and exclusion criteria

Exclusion criteria included: acute spinal pain (lasting less
than 6 months, as symptoms lasting longer were treated
as chronic), radicular syndrome, discopathy of other spine
sections (patients with early type I and II° changes were
not excluded from the study, only type III° degeneration
as per the Modic classification in the MRI image was
grounds for exclusion), no pain or reduction of mobility
in the lumbosacral section, other disorders of the spine
(spondylolisthesis, fractures, tumors, rheumatic diseases,
or cauda equina syndrome), pregnancy, pacemakers, symp-
toms of defects, cardiovascular diseases, metal implants
such as an endoprosthesis of the hip and/or knee joint,
mental disorders, cancers, psoriasis, scleroderma, and viral
or bacterial infections.

Patients who had undergone spinal surgery or were
taking painkillers or anti-inflammatory drugs were also
excluded from the study. Moreover, the exclusion criteria
included damage to the vestibule and/or a part of the ves-
tibulocochlear nerve, Méniere’s syndrome, sudden loss
of function of the inner ear, and damage to the cerebellum,
spinal cord, or brainstem, resulting in balance disorders.

Patient randomization

The study was conducted on the intention-to-treat ap-
proach (patients who for various reasons did not qualify
for subsequent stages of the research project were provided
with basic medical treatment — painkillers, non-steroidal
anti-inflammatory drugs, and mobility rehabilitation — per
medical recommendations). The randomized assignment
of patients to individual groups was continuous during
the entire duration of the study, i.e., each newly qualified
person was randomized by a computer number generator
and assigned to a given comparison group accordingly.

Characteristics of the procedures
Patients in group A were treated with magnetic therapy.

The treatment parameters were rectangular flow, a mag-
netic induction of 10 mT, a frequency of 50 Hz, each
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treatment lasting 20 min, and the application method was
an induction coil 60 cm in diameter.

Patients in group B were also treated with magnetic
therapy. The treatment parameters were rectangular flow,
a magnetic induction of 5 mT, a frequency of 50 Hz, each
treatment lasting 20 min, and the application method was
an induction coil 60 cm in diameter.

Patients in group C, however, were treated with pseudo-
magnetic therapy (simulated treatment: treatment param-
eters were set with the device switched on, but no real
application took place). This group was meant to constitute
the single blind trial (patients had no knowledge of which
group they belonged to) and to evaluate the placebo effect
during studies of this kind of therapy.

Patients in group D were treated with magnetic stimu-
lation. The treatment parameters were rectangular flow,
a magnetic induction of 49.2 uT, a frequency of 195 Hz,
each treatment lasting 20 min, and the application method
was a pillow 45 cm x 24 cm x 3 cm.

Patients in group E were administered pseudo-magnetic
stimulation (treatment parameters were set, but as with
group C no application took place). In this case, the group
constituted the blind trial and simulated treatment for real
magnetic stimulation.

A detailed flow of participants at each stage of the project
is shown in Fig. 1. Patients in all of the comparison groups
were homogeneous in terms of basic characteristics spe-
cific for the studied populations (Table 1). The groups were
also homogeneous as regards the initial measurements
concerning pain assessment, functional state, mobility
range, and body posture.

Apart from physical therapy, patients in all groups under-
went a uniform basic therapy through motor improvement
in the form of functional training (45 min once a day for 5 days/
week). Standard stabilization training comprised the follow-
ing elements: (1) myofascial release techniques for the erector
spinae muscle; (2) activation techniques for the neutral position
of the lumbo-pelvic-hip complex and deep-core muscles; (3)
activation of proper breathing and exercising the transversus
abdominis muscle; (4) coordination of the work of superficial
and deep-core muscles; and (5) postural and dynamic training.

Patients in all comparison groups were subjected to a series
of 15 physical therapy treatments, 5 times a week (Monday
to Friday) for a period of 3 weeks. Magnetic therapy (in groups
A, Band C) was performed using the Cyborg Mag generator
(Cosmogamma, Cento, Italy). Treatments were performed
in a coil applicator with a diameter of 60 cm, mounted on the
system of longitudinal drive rails of the treatment bed. During
treatment, the patients lay down on their back on the treat-
ment bed, and their lumbosacral region was positioned within
the induction coil. Magnetic stimulation was performed us-
ing the Viofor JPS device (Med & Life, Komoréw, Poland).
Treatments were also performed in the lie-back position: the
patients lay on the bed so that the lumbosacral section of their
spine was directly on a special pillow (applicator), remaining
in constant contact.
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Table 1. Characteristics of study population in each group after random allocation

Characteristic Group A Group B Group C Group D Group E p-value

Gender (n)

female/male 15/8 16/7 12/8 13/7 14/6 >0.05%
Age [years]

mean 5045 55.20 52.30 51.80 55.75 S0,05%

SD 101 1140 8.22 11.50 9.28 ‘
Hight [cm]

mean 163.89 168.20 167.10 165.30 164.95 50,05%

SD 533 718 6.88 6.82 7.66 ’
Body mass [kq]

mean 78.30 7277 74.77 72.20 791 50,054

SD 1792 13.10 14.09 1246 18.11 '
Obesity (n)
BMI > 30 kg/m? " 8 6 6 8 >0.05%
Disease duration [years]

mean 412 396 4.35 4.77 4.34 50,05%

SD 3.76 312 3.78 4.08 3.89 ’
Osteoarthritis (n)

right side/left side 15/8 14/9 12/8 11/9 12/8 >0.05*%
Radiological changes in Modic classification (n)

le/ve 17/6 16/7 15/5 15/5 14/6 >0.05*
Pain intensity in VAS (score)

mean 5.80 555 5.70 5.70 540 50,05%

SD 2.56 1.75 1.88 249 1.63 ’
Pain intensity in LPS (score)

mean 590 6.10 6.30 5.85 6.20 50,054

SD 2.21 1.89 3.07 2.36 2.83 '
Disability level in ODI (score)

mean 16.50 15.95 16.15 15.70 16.10 50.05%

SD 8.27 8.12 798 841 8.04 ’
Disability level in RMDQ (score)

mean 12.05 13.90 13.10 12.95 13.86 50,05%

SD 6.18 712 6.65 6.56 2.16 '
Body posture in sagittal plane [mm]

mean 12512 125.19 120.89 123.17 124.03 S0.05%*

SD 90.11 98.45 104.12 91.22 93.82 ’
Body posture in frontal plane [mm]

mean 101.49 100.21 102.88 102.63 100.95 S0,05%

SD 80.23 82.39 85.02 84.12 80.99 ’

Statistical tests for homogeneity analyses between study groups: * x* test with the highest reliability; ** Friedmann’s ANOVA homogeneity test;
VAS - Visual Analogue Scale; LPS - Laitinen Pain Scale; ODI - Oswestry Disability Index; RMDQ - Roland-Morris Disability Questionnaire.

Pain questionnaires and functional tests

In order to analyze the therapeutic progress for the sub-
jective assessment of pain, functional capacity and degree
of disability, the following tests were performed:

— the Visual Analogue Scale pain assessment scale (VAS) —
used to subjectively assess the experienced pain. The pa-
tient assesses the experienced pain on a simple scale from
0 to 10, where 0 denotes a lack of pain and 10 denotes the
most acute pain;

— the Laitinen Pain Scale (LPS) — in the modified Laitin-
en Pain Scale, 4 indicators are assessed: pain intensity,
frequency of pain occurrence, use of analgesics, and limi-
tations of mobility;

— the Oswestry Questionnaire (The Oswestry Low-
Back Pain Disability Questionnaire, Oswestry Disability

Index — ODI) — used to evaluate the functional ability
of patients; a widely recognized and reliable scale for
evaluating patients with low back pain. The question-
naire consists of 10 questions regarding symptoms and
everyday activities. When answering the individual ques-
tions, the patient can choose 1 of the 6 options scored
0-5: A — 0 points; B — 1 point; C — 2 points; D — 3 points;
E — 4 points; and F — 5 points. After summing the scores for
all questions, the Oswestry Disability Index is calculated
as follows: no disability (0—4 points); minimal disability
(5—14 points); moderate disability (15-24 points); severe
disability (25-34 points); or full disability (35—50 points);

— The Roland-Morris Disability Questionnaire (RMDQ) —
used to assess the degree of disability in patients with low
back pain. It reflects the condition of the patient on the
day of the examination. The questionnaire contains
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assessed for eligibility (n = 177)

[ enrollment ]

excluded (n=71)
- not meeting inclusion criteria (n = 68)

- declined to participate (n = 2)
- other reasons (n = 1)

randomized (n = 106)

[ allocation ]

A 4

\4

v

A4

A4

Group A

allocated to
intervention (n = 23)
— received allocated
intervention (n = 20)
— did not receive
allocated
intervention (n = 3)

Group B

allocated to
intervention (n = 23)
—received allocated
intervention (n = 20)
— did not receive
allocated
intervention (n = 3)

Group C

allocated to
intervention (n = 20)
—received allocated
intervention (n = 20)
—did not receive
allocated
intervention (n = 0)

Group D

allocated to
intervention (n = 20)
—received allocated
intervention (n = 18)
—did not receive
allocated
intervention (n = 2)

Group E

allocated to
intervention (n = 20)
—received allocated
intervention (n = 20)
—did not receive
allocated
intervention (n = 0)

\4

A4

follow-up ]

v

A4

— lost to follow-up
(n=1)

— discontinued
intervention (n = 0)

— lost to follow-up
(n=1)

— discontinued
intervention (n = 0)

— lost to follow-up
(n=2)

— discontinued
intervention (n = 0)

— lost to follow-up
(n=1)

— discontinued
intervention (n = 0)

— lost to follow-up
(n=3)

— discontinued
intervention (n = 0)

\4

A4

analysis

!

A 4

A 4

—analysed (n=19)
—excluded from
analysis (n=0)

—analysed (n=19)
— excluded from
analysis (n=0)

—analysed (n =20)
— excluded from
analysis (n=0)

—analysed (n=17)
— excluded from
analysis (n=0)

—analysed (n=17)
— excluded from
analysis (n=0)

Fig. 1. Flowchart of patients’ assessment for eligibility in the study in all stages

24 questions which are answered ‘yes’ or ‘no’. Each
‘ves’ answer scores 1 point and each ‘no’ answer scores
0 points. After summing the scores for all questions, the
Roland-Morris disability index is given as follows: no
disability (0-3 points); minimal disability (4—10 points);
moderate disability (11-17 points); or severe disability
(18—24 points);

— the Lasegue test (LaT) — may be used to measure the
range of motion of the hip joint on the side of the herni-
ated disc in the course of spinal discopathy. The starting
position is with the patient lying down on his or her back
with both legs straight. The examiner then slowly lifts
one of the patient’s legs while the knee is straight at the

joint until pain is noted. The mobility range is measured
in degrees of angle using a goniometer;

— the Schober test (ShT) — used to evaluate the mobility
of the lumbosacral spine. While the patient is in a stand-
ing position, the examiner marks 2 points on the patient’s
skin: the first one 10 cm above the line connecting the
posterior superior iliac spines, and the other one 5 cm be-
low that line. The patient then slowly bends down as far as
possible, while keeping the knees straight. The measure-
ment is made using a tape measure. The obtained result
is accurate within 0.5 cm. The range of motion tests were
carried out by the same technician and each measurement
was an arithmetic mean of 5 trials.



654

Postural stability assessment

Additionally, an objective measurement tool for evaluat-
ing postural stability was used. The evaluation was per-
formed using a double-plate stabilographic platform (SP)
equipped with a computer-aided posturographic system,
model CQ Stab2P (CQ Electronic System, Czernica, Poland).

The measurement error was 0.86%. For each patient,
2 trials were carried out: the 1% trial with eyes open in full
visual control, and the 2" trial with eyes closed and no vi-
sual control. The subjects were in a habitual upright position,
standing barefoot on the SP (feet apart in line with their hips,
arms down alongside their bodies, head facing forward, and
eyes fixed on a designated point at eye level about 1.5 m away).

Statistical analyses of the basic posturographic parameters
were conducted in order to compare balance in the tested
groups of patients. The following parameters were ana-
lyzed: (1) SPAP — anterior/posterior path length in the sagit-
tal plane [mm]; (2) SPML — medio/lateral path length in the
frontal plane [mmy]; (3) SA — sway area (the total sway area
of the center of pressure during the 30-second trial) [mm?];
(4) MF — mean frequency of sway in all planes [Hz]; and
(5) MV — mean velocity of sway in all planes [mm/s].

The abovementioned measurements of posture-related pa-
rameters were made before and after the treatment process.
In the second stage of the project, the measurements were
repeated (along with the subjective research based on ques-
tionnaires and functional tests) as long-term results (follow-
up) 1 and 3 months after completion of the study (during this
period, the patients were not subjected to any treatment).

Statistical analysis
The results were analyzed using STATISTICA v. 10.0

software (StatSoft Inc., Tulsa, USA). The normality
of sample distribution was analyzed with the Shapiro-Wilk
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test. The distribution of the samples in most cases were
not consistent with a normal distribution, hence the use
of non-parametric tests. Skewness and kurtosis (flatness)
were less than 2.5 and they were unimodal distributions,
therefore the arithmetic mean and standard deviation were
taken as a measure of central tendency and dispersion.
The homogeneity of the distribution of patients’ charac-
teristics in all groups was analyzed with the most reli-
able version of the 2 test and the Kruskal-Wallis homo-
geneity test. Statistical significance was set at p < 0.05.
Friedmann’s ANOVA analysis was used for dependent vari-
ables, and nonparametric Kruskal-Wallis variance analy-
sis was used for independent variables. Tukey’s post hoc
multiple comparisons test was used to identify the exact
dependencies resulting from the variance analysis between
individual groups, and the Bonferroni’s post hoc test was
used for analysis of multiple intra-group measurements.
Statistical significance was set at p < 0.05.

Results

Analysis of the Visual Analogue Scale
pain intensity scores

All the comparison groups demonstrated a statistically
significant reduction in pain, as compared to the initial
values, measured according to the VAS scale (Table 2).

In group A (magnetic therapy 10 mT), the value of pain
sensations decreased during the 3-week treatment period
from 5.80 to 2.15 points on average (p = 0.0015 in the post
hoc analysis). Interestingly, at the 1-month follow-up evalu-
ation, a further reduction of pain was observed in rela-
tion to the condition directly after the treatments from
2.15 to 1.40 points on average (p = 0.0401 in the post hoc
analysis). However, at 3 months post-therapy, in relation

Table 2. Intragroup comparisons of pain intensity changes in VAS and LPS scores before and after treatment

Before
treatment

Characteristic

treatment

3 months after
treatment

1 month after
treatment

mean 5.80 590 215

Group A
SD 2.56 2.21 1.69
mean 5.55 6.10 3.25

Group B
SD 1.75 1.89 1.35
mean 5.70 6.30 3.20

Group C
SD 1.88 3.07 1.27
mean 5.70 5.85 3.10

Group D
SD 249 2.36 1.99
mean 540 6.20 3.10

Group E
SD 1.63 2.83 141

3.10 140 3.20 1.55 3.30
245 1.33 2.38 1.29 2.59
415 2.20 4.20 245 4.35
2.53 1.78 2.70 1.56 2.69
4.35 2.75 4.50 290 4.65
271 1.56 2.86 1.86 296
410 2.20 4.25 2.30 4.35
215 1.68 2.61 1.74 2.78
4.30 2.70 4.35 2.85 4.55
211 1.44 245 1.74 2.77

@Friedmann’s ANOVA analysis (a total values of significant levels in each groups without the post hoc Bonferroni's test): group A (p = 0.0128);

group B (p = 0.0380); group C (p = 0.0372); group D (p = 0.0367); group E (p = 0.0370);° Friedmann’s ANOVA analysis (a total values of significant levels
in each groups without the post hoc Bonferroni's test): group A (p = 0.0358); group B (p = 0.0460); group C (p = 0.0471); group D (p = 0.0466);

group E (p = 0.0478); VAS - Visual Analogue Scale; LPS — Laitinen Pain Scale; SD - standard deviation.
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to the value recorded at 1 month post-therapy, there was
a gradual, albeit statistically insignificant, increase in the
pain level (from 1.40 to 1.55 points on average, p > 0.05
in the post hoc analysis).

On the other hand, in group B (magnetic therapy 5 mT),
during the 3-week treatment period, the recorded values
of pain sensations were reduced from 5.55 to 3.25 points
on average (p = 0.0082 in the post hoc analysis). Again,
it was interesting to observe that in the follow-up evaluation
at 1 month post-therapy a further reduction of pain was ob-
served in relation to the condition directly post-treatment
— from 3.25 to 2.20 points on average (p = 0.0278 in the
post hoc analysis). However, at 3 months post-therapy,
in relation to the value recorded at 1 month post-therapy,
there was a gradual, statistically insignificant recurrence
of pain sensations (from 2.20 to 2.45 points on average,
p > 0.05 in the post hoc analysis).

In group C (magnetic therapy, placebo), after 3 weeks
of simulated treatments the value of pain sensations was
reduced from 5.70 to 3.20 points on average (p = 0.0061
in the post hoc analysis). Here again, in the follow-up evalu-
ation at 1 month post-therapy, a further reduction of pain
was observed compared to the condition directly post-
treatment — from 3.20 to 2.75 points on average (p = 0.0478
in the post hoc analysis). Similarly to the previous groups,
at 3 months post-therapy a tendency of increased pain sen-
sations was observed as compared to the value at 1-month
post-therapy (from 2.75 to 2.90 points on average, p > 0.05
in the post hoc analysis).

In group D (magnetic stimulation), during the 3-week treat-
ment period, the index of pain sensations decreased from 5.70
to 3.10 points on average (p = 0.0052 in the post hoc analy-
sis). Interestingly, the follow-up evaluation at 1 month post-
therapy showed a further reduction of pain in relation to the
condition directly post-treatment — from 3.10 to 2.20 points
on average (p = 0.0352 in the post hoc analysis). However,
in the follow-up evaluation at 3 months post-therapy, a slight
increase in pain was observed (from 2.20 to 2.30 points on av-
erage, p > 0.05 in the post hoc analysis).

In group E (magnetic stimulation, placebo), after 3 weeks
of simulated treatments the index of pain sensations was
reduced from 5.40 to 3.10 points on average (p = 0.0088
in the post hoc analysis). Curiously, in the follow-up evalu-
ation at 1 month post-therapy, a further change in the pain
sensations was observed, as compared to the condition
directly post-treatment — from 3.10 to 2.70 points on av-
erage (p = 0.0488 in the post hoc analysis). Similarly, at
3 months post-therapy — in relation to the value recorded
at 1 month post-therapy — a statistically insignificant re-
currence of pain was recorded (from 2.70 to 2.85 points
on average, p > 0.05 in the post hoc analysis).

In conclusion, it may be observed that the greatest rate
of progress of the therapy, as measured according to the
VAS scale, occurred in all study groups within the 3-week
period when kinesiotherapy and physical treatments were
used (this also refers to the simulated placebo treatments).
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Despite discontinuing the treatment process, the analgesic
effect continued and was relatively stable. Moreover, dur-
ing the 1-month period after cessation of therapy (in the
follow-up observation) a further significant decrease
in pain sensations was recorded in patients (despite the lack
of any medical treatment). Unfortunately, the long-term
results at 3-month follow-up showed a tendency, albeit
statistically insignificant, of a gradual recurrence of pain
in all study groups.

This means that the therapeutic progress was significant,
but short-term in nature, which may be confirmed by the
signs of deterioration of progress 3 months after comple-
tion of the therapeutic process.

Analysis of the Laitinen Pain Scale
pain intensity scores

A similarly subjective reduction in pain was recorded
using the Laitinen questionnaire (Table 2). The therapy was
effective in all study groups because at each stage of the
project, improvement was recorded in relation to the pre-
treatment condition. However, as in the case of the VAS
scale, the effect was rather short-term because the follow-
up results showed a negative trend of increasing pain sensa-
tions (in this case, an unfavorable statistical trend of de-
terioration occurred even 1 month post-therapy, which
unfortunately continued in the subsequent measurement
at 3-month follow-up).

In group A (magnetic therapy 10 mT) during the 3-week
treatment period, the value of pain sensations reduced
from 5.90 to 3.10 points on average (p = 0.0014 in the
post hoc analysis). At 1 month post-therapy, a slight in-
crease in pain was observed in relation to the previous
state — from 3.10 to 3.20 points on average (p > 0.05 in the
post hoc analysis). At 3 months post-therapy, in relation
to the value recorded at 1 month post-therapy, there was
a further, statistically insignificant, increase (from 3.20
to 3.30 points on average, p > 0.05 in the post hoc analysis).

On the other hand, in group B (magnetic therapy 5 mT),
during the 3-week treatment period, the assessment of pain
was reduced from 6.10 to 4.15 points on average (p = 0.0092
in the post hoc analysis). One month after the completion
of therapy, however, a statistically insignificant increase
in symptoms compared to the earlier state was observed
— from 4.15 to 4.20 points on average (p > 0.05 in the post
hoc analysis). At 3 months post-therapy, a further, gradual
recurrence of pain sensations was recorded in relation to the
value 1 month after the completion of therapy (from 4.20
to 4.35 points on average, p > 0.05 in the post hoc analysis).

In group C (magnetic therapy, placebo), after 3 weeks
of simulated treatments the value of pain sensations was
reduced from 6.30 to 4.35 points on average (p = 0.0091
in the post hoc analysis). Follow-up evaluation at 1 month
post-therapy revealed an unfavorable, albeit insignificant,
increase in pain symptoms as compared to the condi-
tion directly post-treatment — from 4.35 to 4.50 points
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on average (p > 0.05 in the post hoc analysis). Similarly
to the previous groups, at 3 months post-therapy a further,
slight increase in pain sensations was recorded in relation
to the value at 1 month after the completion of therapy
(from 4.50 to 4.65 points on average, p > 0.05 in the post
hoc analysis).

In group D (magnetic stimulation) during the 3-week
treatment period, the value of pain symptoms decreased
from 5.85 to 4.10 points on average (p = 0.0092 in the
post hoc analysis). Unfortunately, at 1 month post-ther-
apy an increase (statistically insignificant) in symptoms
was observed in relation to the previous state — from 4.10
to 4.25 points on average (p > 0.05 in the post hoc analysis).
After 3 months, a further slight increase in pain sensations
was observed (from 4.25 to 4.35 points on average, p > 0.05
in the post hoc analysis).

In group E (magnetic stimulation, placebo), after 3 weeks
of simulated treatments the value of pain sensations re-
duced from 6.20 to 4.30 points on average (p = 0.0091
in the post hoc analysis). At 1 month post-therapy, an un-
favorable trend was observed in relation to the earlier
state — an increase, on average, from 4.30 to 4.35 points
(p > 0.05 in the post hoc analysis). Similarly, at 3 months
post-therapy, in relation to the value recorded at 1 month
post-therapy, a statistically insignificant recurrence of pain
was recorded (from 4.30 to 4.55 points on average, p > 0.05
in the post hoc analysis).

The intergroup analysis we conducted demonstrates that
the greatest analgesic effect was recorded in group A, where
the results were significantly better than in other groups.
Results obtained with an application of a magnetic field

VAS scoring [%]
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of 10 mT were statistically significantly better than those
obtained with magnetic stimulation or magnetic therapy
using lower induction. The advantage of group A over the
remaining groups was clearly visible at all stages of treat-
ment. Curiously, no differences were observed between
groups B (magnetic therapy 5 mT), C (pseudo-magnetic
therapy), D (magnetic stimulation), and E (pseudo-mag-
netic stimulation), which attests to the fact that the other
magnetic fields did not produce positive effects compared
to the placebo methods.

This is confirmed by both the results of measurements
performed using the VAS scale (Fig. 2) and by the Laitinen
questionnaire (Fig. 3).

Analysis of the Oswestry Disability Index
functional ability scores

After 3 weeks of therapy, all of the comparison groups
demonstrated a statistically significant improvement
of functional ability, as measured by the ODI (Table 3).

In group A (magnetic therapy, 10 mT) functional abil-
ity improved significantly during the 3 weeks of therapy
(p =0.0041 in the post hoc analysis). The follow-up evalu-
ation (1 month after the end of therapy) showed a statisti-
cally insignificant decrease in functional ability (p > 0.05).
A similarly unfavorable statistical tendency also occurred
in the evaluation 3 months after the end of physical therapy
treatments (p > 0.05).The same applied to group B (mag-
netic therapy, 5 mT), where functional ability measured
by the ODI had initially significantly improved after the
therapy (p = 0.0225 in the post hoc analysis). Unfortunately,

59.81

56.05

5110 4989

43.09

42.01

Group D Group E

c—3months after treatment

Fig. 2. Intergroup comparisons of the pain intensity reduction in VAS scoring [%] after treatment and in follow-up analyses,

1 and 3 months after treatment

a - Kruskal-Wallis ANOVA analysis (p = 0.0328); T Tukey's post hoc analysis: p(A,B) = 0.0122, p(A,C) = 0.0188, p(A,C) = 0.0224, p(AE) = 0.0122,
p(B,C) > 0.05, p(B,D) > 0.05, p(B,E) > 0.05, p(C,D) > 0.05, p(C,E) > 0.05, p(D,E) > 0.05; b — Kruskal-Wallis ANOVA analysis (p = 0.0466); T Tukey's
post hoc analysis: p(A,B) = 0.0380, p(A,C) = 0.0182, p(A,C) = 0.0224, p(A,E) = 0.0122, p(B,C) > 0.05, p(B,D) > 0.05, p(B,E) > 0.05, p(C,D) > 0.05,
p(CE) > 0.05, p(D,E) > 0.05; ¢ — Kruskal-Wallis ANOVA analysis (p = 0.0403); T Tukey's post hoc analysis: p(A,B) = 0.0280, p(A,C) = 0.0166,
p(A,C) =0.0124, p(A,E) = 0.0082, p(B,C) > 0.05, p(B,D) > 0.05, p(B,E) > 0.05, p(C,D) > 0.05, p(C,E) > 0.05, p(D,E) > 0.05.
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LPS scoring [%]
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Fig. 3. Intergroup comparisons of the pain intensity reduction in LPS scoring [%] after treatment and in follow-up analyses, 1 and 3 months

after treatment

a — Kruskal-Wallis ANOVA analysis (p = 0.0368); T Tukey's post hoc analysis: p(A,B) = 0.0228, p(A,C) = 0.0122, p(A,C) = 0.0260, p(AE) = 0.0272,
p(B,C) > 0.05, p(B,D) > 0.05, p(B,E) > 0.05, p(C,D) > 0.05, p(C,E) > 0.05, p(D,E) > 0.05; b — Kruskal-Wallis ANOVA analysis (p = 0.0388); T Tukey's
post hoc analysis: p(A,B) = 0.0208, p(A,C) = 0.0380, p(A,C) = 0.0382, p(AE) = 0.0182, p(B,C) > 0.05, p(B,D) > 0.05, p(B,E) > 0.05, p(C,D) > 0.05,
p(CE) > 0.05, p(D,E) > 0.05; ¢ — Kruskal-Wallis ANOVA analysis (p = 0,0390); T Tukey's post hoc analysis: p(A,B) = 0.0224, p(A,C) = 0.0240,
p(A,C) = 0.0270, p(A,E) = 0.0270, p(B,C) > 0.05, p(B,D) > 0.05, p(B,E) > 0.05, p(C,D) > 0.05, p(C,E) > 0.05, p(D,E) > 0.05.

Table 3. Intragroup comparisons of the disability level changes in ODI and RMDQ scoring before and after treatment

Before
treatment

Characteristic

treatment

3 months after
treatment

1 month after
treatment

mean 16.50 12.05 10.10

Group A
SD 8.27 6.18 6.58
mean 15.95 13.90 12.25

Group B
SD 8.12 712 6.44
mean 16.15 13.10 12.75

Group C
SD 798 6.65 6.78
mean 15.70 1295 1210

Group D
SD 841 6.56 5.72
mean 16.10 13.85 12.50

Group E
SD 8.04 2.16 6.63

6.15 10.20 6.30 11.15 6.55
4.88 6.82 5.28 719 5.54
9.15 13.00 9.30 13.20 940
5.12 6.43 548 7.87 6.11
9.05 12.90 9.15 13.15 9.25
5.18 777 5.55 10.62 6.72
9.15 12.75 9.25 13.10 9.30
5.70 753 5.83 10.82 703
9.55 13.05 9.65 13.20 9.80
5.53 745 6.05 9.59 709

@Friedmann’s ANOVA analysis (a total values of significant levels in each groups without the post hoc Bonferroni's test): group A (p = 0.0288); group B

(p =0.0473); group C (p = 0.0475); group D (p = 0.0466); group E (p = 0.0478);® Friedmann’s ANOVA analysis (a total values of significant levels in each groups
without the post hoc Bonferroni's test): group A (p = 0.0112); group B (p = 0.0278); group C (p = 0.0291); group D (p = 0.0282); group E (p = 0.0270);

ODI - Oswestry Disability Index; RMDQ - Roland-Morris Disability Questionnaire; SD — standard deviation.

in the follow-up observations (at 1 month and 3 months
post-therapy) the situation was reversed and a statistical
trend was observed towards deterioration of functional
ability in the patients (p > 0.05).

Similarly, group C (magnetic therapy, placebo) dem-
onstrated an intense, although short-term, improvement
of the patients’ ability (p = 0.0242 in the post hoc analysis),
but the process did not continue and follow-up observa-
tions showed a tendency towards a gradual weakening
of the ODI (p > 0.05).

In case of group D (magnetic stimulation), a significant
increase in functional ability was detected in short-term

observation (p = 0.0317 in the post hoc analysis), but as
with the previous groups, after the therapy was stopped
a slight deterioration of effects occurred (p > 0.05).

In group E (magnetic stimulation, placebo) the recorded
changes were similar, i.e., the patients’ ability improved af-
ter the 3-week therapy (p = 0.0235 in the post hoc analysis).
However, similarly to the previously discussed groups,
a statistical trend reflecting a gradual recurrence of adverse
symptoms occurred (p > 0.05). Detailed data concerning
the Oswestry questionnaire are presented in Fig. 4.
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Fig. 4. Intergroup comparisons of the disability level diminishment in ODI scoring [%] after treatment and in follow-up analyses,
1 and 3 months after treatment

a - Kruskal-Wallis ANOVA analysis (p = 0.0408); T Tukey's post hoc analysis: p(A,B) = 0.0288, p(A,C) = 0.0220, p(A,C) = 0.0298, p(AE) = 0.0292,
p(B,C) > 0.05, p(B,D) > 0.05, p(B,E) > 0.05, p(C,D) > 0.05, p(C,E) > 0.05, p(D,E) > 0.05; b — Kruskal-Wallis ANOVA analysis (p = 0.0408); T Tukey’s
post hoc analysis: p(A,B) = 0.0288, p(A,C) = 0.0220, p(A,C) = 0.0298, p(A,E = 0.0292, p(B,C) > 0.05, p(B,D) > 0.05, p(B,E) > 0.05, p(C,D) > 0.05,
p(CE) > 0.05, p(D,E) > 0.05; ¢ — Kruskal-Wallis ANOVA analysis (p = 0.0455); T Tukey’s post hoc analysis: p(A,B) = 0.0305, p(A,C) = 0.0288,
P(A,C) = 0.0341, p(AE) = 0.0312, p(B,C) > 0.05, p(B,D) > 0.05, p(B,E) > 0.05, p(C,D) > 0.05, p(C,E) > 0.05, p(D,E) > 0.05.

RMDQ scoring [%]
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Fig. 5. Intergroup comparisons of the disability level diminishment in RMDQ scoring [%] after treatment and in follow-up analyses,
1 and 3 months after treatment

a — Kruskal-Wallis ANOVA analysis (p = 0.0388); T Tukey's post hoc analysis: p(A,B) = 0.0320, p(A,C) = 0.0212, p(A,C) = 0.0208, p(A,E) = 0.0256,
p(B,C) > 0.05, p(B,D) > 0.05, p(B,E) > 0.05, p(C,D) > 0.05, p(C,E) > 0.05, p(D,E) > 0.05; b — Kruskal-Wallis ANOVA analysis (p = 0.0466); T Tukey's
post hoc analysis: p(A,B) = 0.0310, p(A,C) = 0.0317, p(A,C) = 0.0268, p(A,E) = 0.0286, p(B,C) > 0.05, p(B,D) > 0.05, p(B,E) > 0.05, p(C,D) > 0.05,
p(CE) > 0.05, p(D,E) > 0.05; ¢ — Kruskal-Wallis ANOVA analysis (p = 0.0443); T Tukey's post hoc analysis: p(A,B) = 0.0330, p(A,C) = 0.0347,
p(A,C) =0.0298, p(AE) = 0.0306, p(B,C) > 0.05, p(B,D) > 0.05, p(B,E) > 0.05, p(C,D) > 0.05, p(C,E) > 0.05, p(D,E) > 0.05.

Analysis of the Roland-Morris Disability
Questionnaire functional ability scores

studied groups, significant therapeutic progress was re-
corded in the short-term observation. Values of the signifi-
cance levels from the post hoc analysis were p = 0.0014 for

Similar conclusions may be drawn from the analysis
of results concerning the degree of disability assessed
by the Roland-Morris questionnaire (Table 3). In all of the

group A; p = 0.0173 for group B; p = 0.0184 for group C;
p = 0.0182 for group D; and p = 0.0174 for group E. How-
ever, the long-term follow-up observation unfortunately
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showed a statistical tendency towards an increase in dis-
ability (p > 0.05).

As was the case with pain sensations and with regard
to the influence of magnetic fields on physical fitness of pa-
tients with lumbosacral discopathy, there was a significant
advantage of magnetic therapy with an induction of 10 mT.
In the other groups, the results obtained were statistically
significantly worse. Also, no differences were observed be-
tween groups B, C, D, and E, which suggests that exposure
to magnetic stimulation and magnetic therapy with an in-
tensity of 5 mT failed to meet expectations in comparison
with the placebo groups.

Detailed data concerning the Roland-Morris question-
naire are presented in Fig. 5.

Analysis of results
of the Lasegue hip mobility test

When evaluating changes in the mobility of the hip joint
(measured by the Lasegue test) it must be noted that clini-
cal improvement occurred in all study groups (Table 4).

After 15 treatments, Group A (magnetic therapy, 10 mT)
demonstrated in the Laségue test a statistically significant
improvement in mobility compared to their pre-therapy re-
sults (p = 0.0102 in the post hoc analysis). The results were
similar in other comparison groups, although the changes
occurred with a lower level of significance: p = 0.0323 for
group B; p = 0.330 for group C; p = 0.0342 for group D;
and p = 0.0338 for group E. Consequently, as was the case
with the parameters studied before, the long-term follow-
up results (at 1 month and 3 months post-therapy) also
reflected a statistical tendency attesting to a gradual re-
currence of limited mobility in the lumbosacral section
of the spine (p > 0.05).

Analysis of results
of the Schober low back mobility test

In case of mobility measured by the Schober test, it was
found that the range of motion improved in all groups,
but the observed changes were of no statistical signifi-
cance. Only in group A (magnetic therapy, 10 mT) did the
improvement in spine mobility approach the significance
threshold (Table 4). In group A, the post hoc analysis indi-
cated the following findings: an increase of mobility from
p = 0.0588 (directly post-therapy), a decrease of mobility
from p > 0.05 (at 1 month post-therapy) and a further de-
crease of mobility from p > 0.05 (at 3 months post-thera-
py). In the remaining groups, the changes were of similar
nature, but in no case did they approach the statistical
significance threshold.

After carrying out an intergroup analysis of variance,
it was found that the increase in the range of motion was
most prominent in group A (magnetic therapy, 10 mT)
which achieved an advantage over the other groups. Once
again, no statistically significant differences were observed
between groups B, C, D, and E. Intergroup comparisons
(in %) regarding the Lasegue test and the Schober test are
presented in Fig. 6 and 7.

Analysis of results of the stabilographic
platform postural stability test

After the completion of the therapy process, tests on the
stabilometric platform showed some improvement of bal-
ance in all patients compared to their initial state. The pa-
rameters were lower in all comparison groups, both with
eyes open and eyes closed. However, in the study groups
the changes were not significant, so only a certain statisti-
cal tendency can be declared here. When evaluating the

Table 4. Intragroup comparisons of hip joint mobility changes in LaT testing [degree] and changes in spine mobility at the lower Th in ShT testing [cm]

before and after treatment

Before
treatment

Characteristic

treatment

3 months after
treatment

1 month after
treatment

mean 62.15 215 80.10

Group A
SD 1045 112 18.33
mean 60.95 2.25 70.15

Group B
SD 10.33 1.89 17.73
mean 61.45 2.25 71.15

Group C
SD 10.74 1.77 1844
mean 63.05 2.30 72.05

Group D
SD 11.21 1.21 17.70
mean 62.55 2.25 71.65

Group E
SD 10.56 1.59 16.44

345 7790 3.30 75.85 3.00
2.67 17.89 2.84 18.64 2.89
3.05 68.35 2.75 66.55 2.55
2.70 18.40 2.05 18.89 2.09
3.05 68.05 2.65 67.05 2.60
2.23 19.39 2.33 1911 213
3.10 69.75 3.05 67.80 2.80
2.74 16.79 245 16.63 2.39
295 69.55 2.85 67.85 2.85
2.04 16.65 211 16.89 2.09

2 Friedmann’s ANOVA analysis (a total values of significant levels in each groups without the post hoc Bonferroni's test): group A (p = 0.0322);
group B (p = 0.0488); group C (p = 0.0491); group D (p = 0.0484); group E (p = 0.0485);° Friedmann’s ANOVA analysis (a total values of significant levels
in each groups without the post hoc Bonferroni's test): group A (p > 0.05); group B (p > 0.05); group C (p > 0.05); group D (p > 0.05); group E (p > 0.05);

LaT - Lasegue testing; ShT — Schober testing; SD - standard deviation.
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Fig. 6. Intergroup comparisons of hip joint mobility improvement in Lasegue testing [%)] after treatment and in follow-up analyses,
1 and 3 months after treatment

a — Kruskal-Wallis ANOVA analysis (p = 0.0313); T Tukey’s post hoc analysis: p(A,B) = 0.0269, p(A,C) = 0.0145, p(A,C) = 0.0270, p(A,E) = 0.0188,
p(B,C) > 0.05, p(B,D) > 0.05, p(B,E) > 0.05, p(C,D) > 0.05, p(C,E) > 0.05, p(D,E) > 0.05;b — Kruskal-Wallis ANOVA analysis (p = 0.0322); T Tukey's
post hoc analysis: p(A,B) = 0.0270, p(A,C) = 0.0166, p(A,C) = 0.0279, p(A,E) = 0.0301, p(B,C) > 0.05, p(B,D) > 0.05, p(B,E) > 0.05, p(C,D) > 0.05,
p(CE) > 0.05, p(D,E) > 0.05; ¢ — Kruskal-Wallis ANOVA analysis (p = 0.0308); T Tukey's post hoc analysis: p(A,B) = 0.0188, p(A,C) = 0.0216,
P(A,C) = 0.0209, p(A,E) = 0.0101, p(B,C) > 0.05, p(B,D) > 0.05, p(B,E) > 0.05, p(C,D) > 0.05, p(C,E) > 0.05, p(D,E) > 0.05.

Schober testing [%]
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Fig. 7. Intergroup comparisons of spine mobility at the lower Th in Schober testing [%] after treatment and in follow-up analyses,
1 and 3 months after treatment

a - Kruskal-Wallis ANOVA analysis (p = 0.0289); T Tukey's post hoc analysis: p(A,B) = 0.0210, p(A,C) = 0.0122, p(A,C) = 0.0202, p(A,E) = 0.0102,
p(B,C) > 0.05, p(B,D) > 0.05, p(B,E) > 0.05, p(C,D) > 0.05, p(C,E) > 0.05, p(D,E) > 0.05; b — Kruskal-Wallis ANOVA analysis (p = 0.0277); T Tukey'’s
post hoc analysis: p(A,B) = 0.0103, p(A,C) = 0.0106, p(A,C) = 0.0280, p(AE) = 0.0288, p(B,C) > 0.05, p(B,D) > 0.05, p(B,E) > 0.05, p(C,D) > 0.05,
p(CE) > 0.05, p(D,E) > 0.05; ¢ — Kruskal-Wallis ANOVA analysis (p = 0.0318); T Tukey's post hoc analysis: p(A,B) = 0.0177, p(A,C) = 0.0219,
p(A,C) =0.0276, p(A,E) = 0.0110, p(B,C) > 0.05, p(B,D) > 0.05, p(B,E) > 0.05, p(C,D) > 0.05, p(C,E) > 0.05, p(D,E) > 0.05.

results pre- and post-therapy without statistical analysis,
it appears that a beneficial reduction of posturographic
indicators took place, particularly in group A. Long-term
follow-up observations showed tendencies for the dete-
rioration of body posture in all of the studied parameters,
although these changes were also statistically insignificant.
Some indicators after 3 months nearly returned to the

state prior to the therapy. In the Kruskal-Wallis analy-
sis of variance (ANOVA), no intergroup differences were
observed (p > 0.05). That is why only the results of the
analysis of variance for dependent variables are shown be-
low, reflecting certain statistical tendencies in each of the
groups (Tables 5-9).
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Table 5. Intragroup comparisons of the total path length parameter (SP) changes in stabilometric examination with open and closed eyes before and after

treatment [mm]

Before
treatment

Characteristic

treatment

3 months after
treatment

1 month after
treatment

mean 125.12 184.22 117.56

Group A
SD 90.11 158.11 110.58
mean 125.19 175.22 123.65

Group B
SD 98.45 128.33 100.21
mean 120.89 17819 118.56

Group C
SD 104.12 153.77 116.74
mean 123.17 182.65 120.34

Group D
SD 91.22 140.28 100.72
mean 124.03 181.12 121.22

Group E
SD 93.82 139.99 98.12

176.43 12245 180.02 124.67 181.17
167.22 112.67 170.89 120.34 177.24
171.66 123.87 173.42 125.02 175.20
150.19 110.89 162.83 111.02 162.32
174.42 120.03 176.66 120.15 177.72
161.32 118.21 160.99 118.54 164.44
17811 121.53 180.63 122.90 181.59
132.34 100.45 150.15 112.03 152.67
177.89 12211 179.02 123.83 180.89
136.02 107.56 150.33 111.63 159.78

2Friedmann’s ANOVA analysis (a total values of significant levels in each groups without the post hoc Bonferroni’s test): group A (p > 0.05);
group B (p > 0.05); group C (p > 0.05); group D (p > 0.05); group E (p > 0.05);° Friedmann’s ANOVA analysis (a total values of significant levels in each groups
without the post hoc Bonferroni's test): group A (p > 0.05); group B (p > 0.05); group C (p > 0.05); group D (p > 0.05); group E (p > 0.05).

Table 6. Intragroup comparisons of the statokinesiogram path length (SPAP) changes on the frontal plane in stabilometric examination with open and
closed eyes before and after treatment [mm]

Before 1 month after 3 months after
Characteristic treatment treatment treatment treatment
closed® closed® closed® closed

mean 101.49 112.34 94.06 10246 95.89 106.22 98.22 10843

Group A SD 80.23 90.23 86.88 94.34 82.77 100.84 85.66 100.98
mean 100.21 11091 9799 107.99 99.02 110.01 100.60 110.69

Group® SD 82.39 82.39 83.55 8846 86.44 100.04 80.01 107.67
Group C mean 102.88 112.01 99.02 109.41 99.96 110.56 101.21 1112
SD 85.02 94.12 83.33 96.45 85.81 102.82 89.16 108.89

mean 102.63 112.31 99 108.99 101.54 111.04 102.09 M.79

Group D SD 84.12 104.63 83.54 100.45 87.77 100.54 80.87 110.97
Group £ mean 100.95 111.54 9792 109.92 98.82 110.83 100.09 11232
SD 80.95 90.99 82.32 94.02 81.29 94.54 80.84 9946

@Friedmann’s ANOVA analysis (a total values of significant levels in each groups without the post hoc Bonferroni’s test): group A (p > 0.05);
group B (p > 0.05); group C (p > 0.05); group D (p > 0.05); group E (p > 0.05);° Friedmann’s ANOVA analysis (a total values of significant levels in each groups
without the post hoc Bonferroni's test): group A (p > 0.05); group B (p > 0.05); group C (p > 0.05); group D (p > 0.05); group E (p > 0.05).

Discussion

The present study is certainly innovative, as it presents
an unequivocal evaluation of the efficacy of magnetic ther-
apy (with different induction output values) and magnetic
stimulation in the treatment of lumbar discopathy at L5—S1
within a single, prospective, randomized clinical trial based
on a strict protocol of inclusion and exclusion criteria, us-
ing modern objective and subjective measurements, and
accompanied by a uniform statistical analysis and observa-
tion of the long-term effects. To date, none of the authors
of the available literature has carried out such a wide-rang-
ing research project on the application of magnetic fields
in therapy of low back pain in accordance with the guidelines
of Evidence Based Medicine and Physiotherapy (EBM&P).

The present study was the first such attempt in the litera-
ture. Thus, it has been difficult to refer the results to any
published articles, especially with regard to body balance
tests using a stabilometric platform. Moreover, no exist-
ing study on physical therapy of low back pain has carried
out such detailed diagnostics or classification based on the
radiological Modic assessment criteria. This allowed for
a very representative population to be recruited for the
purpose of this project. A crucial element of the study
was also the use of simulated treatments and the fact that
it was a single blind trial, which has significantly raised the
profile of the study and strengthened the reliability of its
conclusions. In this study, only one application of magnetic
fields demonstrated certain medical efficacy, namely the
magnetic therapy with the following parameters: magnetic
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Table 7. Intragroup comparisons of the sway area (SA) of the center of pressure changes in stabilometric examination with open and closed eyes before

and after treatment [mm?]

Before
treatment

Characteristic

treatment

3 months after
treatment

1 month after
treatment

mean 124.55 201.34 112.06

Group A
SD 75.04 105.33 71.21
mean 12041 205.16 117.69

Group B
SD 70.21 108.14 79.62
mean 12241 200.66 119.03

Group C
SD 64.87 102.33 68.53
mean 12314 203.67 119.79

Group D
SD 64.33 104.11 96.87
mean 122.08 205.01 119.02

Group E
SD 80.02 100.23 80.21

187.65 116.11 193.12 118.40 198.55
106.12 7541 109.19 75.23 108.35
19792 120.33 200.98 120.79 202.29
105.33 80.94 100.98 80.97 100.02
194.37 120.38 198.88 120.78 200.02
103.32 70.82 104.99 70.09 101.32
198.09 121.01 199.89 121.89 202.33
102.07 7494 103.42 74.08 104.83
199.92 120.39 20191 121.82 204.04
106.11 81.41 109.13 81.55 113.88

aFriedmann’s ANOVA analysis (a total values of significant levels in each groups without the post hoc Bonferroni's test): group A (p > 0.05);
group B (p > 0.05); group C (p > 0.05); group D (p > 0.05); group E (p > 0.05);° Friedmann’s ANOVA analysis (a total values of significant levels in each groups
without the post hoc Bonferroni’s test): group A (p > 0.05); group B (p > 0.05); group C (p > 0.05); group D (p > 0.05); group E (p > 0.05).

Table 8. Intragroup comparisons of the mean frequency (MF) of sway in all planes changes in stabilometric examination with open and closed eyes before
and after treatment [Hz]

Before 1 month after 3 months after
Characteristic treatment treatment treatment treatment
closed® closed® closed® closed®
mean 0.34 044 0.28 040 0.31 041 0.36 041
Group A
SD 0.23 0.33 0.22 0.33 0.28 0.32 0.35 0.30
mean 0.33 046 0.30 045 0.32 045 0.32 045
Group B
SD 0.18 0.38 0.23 0.37 0.30 040 0.30 042
mean 0.36 044 0.34 042 0.35 045 0.36 045
Group C
SD 0.23 0.30 0.22 0.31 0.31 0.36 033 044
mean 0.34 044 0.33 043 0.33 043 0.33 043
Group D
SD 0.21 0.31 0.24 0.32 0.26 042 0.26 043
mean 0.31 046 0.28 042 0.30 044 0.34 044
Group E
SD 0.20 0.37 0.20 0.39 0.23 0.36 0.24 0.36

aFriedmann’s ANOVA analysis (a total values of significant levels in each groups without the post hoc Bonferroni's test): group A (p > 0.05);
group B (p > 0.05); group C (p > 0.05); group D (p > 0.05); group E (p > 0.05);° Friedmann’s ANOVA analysis (a total values of significant levels in each groups
without the post hoc Bonferroni’s test): group A (p > 0.05); group B (p > 0.05); group C (p > 0.05); group D (p > 0.05); group E (p > 0.05).

induction of 10 mT, frequency of 50 Hz and a single treat-
ment duration of 20 min. Under the influence of the above
physical stimuli, the most prominent analgesic effect was
observed in the improvement of mobility and functional
ability of the spine, but also to a lesser extent in the improve-
ment of parameters related to the balance of the patients.

It is also worth noting that the effects of the applied
therapy were mostly short-term, as recurrent symptoms
were observed in the majority of measured indicators at
1 month and 3 months post-therapy. This means that the
physical treatment selected for the purposes of the study
may only have an acute effect, although it shows a high
efficacy in short-term observation.

It is probable that continuation of the stabilization train-
ing may have achieved a more sustainable improvement

with physical therapy. It is certainly an interesting challenge
for future scientific research. Unfortunately, application
of magnetic therapy with a low induction value of 5 mT,
and of magnetic stimulation, which is immensely popu-
lar in clinical practice, proved pointless in the treatment
of symptoms of chronic lumbosacral discopathy. The use
of these physical treatments contributed nothing to the
therapeutic process, and the achieved effects, in compari-
son with the placebo methods, failed to meet expectations
and cast serious doubt on the possibility of using these
magnetic fields in the treatment of low back pain in accor-
dance with the principles of modern science and medicine.

When analyzing the available literature regarding the
application of magnetic fields in the treatment of patients
with L5-S1 discopathy, one may notice that a majority
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Table 9. Intragroup comparisons of the mean velocity (MV) of sway in all planes changes in stabilometric examination with open and closed eyes before

and after treatment [mm/s]

Before
treatment

Characteristic

treatment

3 months after
treatment

1 month after
treatment

mean 343 4.37 3.29

Group A
SD 2.37 2.78 2.31
mean 3.49 4.36 340

Group B
SD 2.68 2.32 277
mean 344 440 3.36

Group C
SD 249 277 241
mean 347 433 340

Group D
SD 2.25 2.51 3.22
mean 3.51 4.31 345

Group E
SD 3.07 277 3.19

4.19 331 4.21 341 4.31
2.76 242 2.88 243 294
4.28 342 4.32 343 433
2.04 2.88 231 292 2.39
4.35 340 4.35 345 440
2.56 246 2.78 2.54 2.79
4.28 340 4.30 343 4.32
2.23 334 2.50 337 257
4.25 344 4.26 3.50 4.30
2.55 3.36 2.76 3.35 2.76

2Friedmann’s ANOVA analysis (a total values of significant levels in each groups without the post hoc Bonferroni’s test): group A (p > 0.05);
group B (p > 0.05); group C (p > 0.05); group D (p > 0.05); group E (p > 0.05);° Friedmann’s ANOVA analysis (a total values of significant levels in each groups
without the post hoc Bonferroni's test): group A (p > 0.05); group B (p > 0.05); group C (p > 0.05); group D (p > 0.05); group E (p > 0.05).

of studies fail to meet the criteria of the EBM&P, which
mabkes it extremely difficult to carry out a clear and objec-
tive analysis of the clinical efficacy of the treatments that
are widely used in everyday practice.

Omar et al. studied the efficacy of magnetic therapy
(4 mT, 50 Hz, 20 min, 5 treatments/week) in 40 patients
presenting with pain in the lumbosacral spine.?” The pa-
tients were randomly assigned to 2 comparison groups
(a group treated with a magnetic field, n = 20; and a placebo
group with simulated treatments, n = 20). Before the com-
mencement of the study and after its completion (3 weeks),
ameasurement was taken of the surface electromyography
of selected groups of back muscles, and an assessment was
made of the pain symptoms in accordance with the Visual
Analogue Scale and the Oswestry questionnaire. A statisti-
cally significant reduction in pain was recorded under the
influence of the magnetic field compared to the placebo
group (p = 0.024 in the VAS and p < 0.001 in the Oswestry
questionnaire). In the case of the electromyography pa-
rameters as well, significantly more beneficial effects were
observed in the exposed group (p = 0.022 for the parameter
of relative latency of the erector spinae muscles). A weak-
ness of the study, however, was a lack of strictly defined
inclusion and exclusion criteria and no follow-up analysis.

Thuile and Walzl studied the effects of magnetic field
therapy on patients presenting with lumbar radiculopathy
and neck pain after sustaining a whiplash-type injury.?®
The experiment involved 100 patients suffering from low
back pain, 92% of whom had additionally sustained a whip-
lash injury of the neck section of the spine. Therapeutic
progress was evaluated with the Laségue test in the case
of the lower section of the spine, and with the subjective
visual analogue pain scale in examining the neck section.
After a 2-week therapy, in the group subjected to physical
treatments (8 mT, 50 Hz, 20 min), the Laségue test was

negative in 68% of patients (as compared to only 36% before
the therapy). In the control group (placebo), no changes
in this respect were recorded. With regard to the neck sec-
tion of the spine, the magnetic field therapy also brought
about a positive effect, as the pain symptoms decreased
on average by 2.2 points on the VAS. In the control group,
this parameter did not improve. Limitations of the study
included a lack of objective measurement tools, the het-
erogeneity of the population and an evaluation of only the
early effects of the therapy.

Oke and Umebese used magnetic therapy in 16 patients,
randomly assigned to 2 comparison groups.? All patients
took oral non-steroidal anti-inflammatory medication,
and 8 patients were additionally exposed to magnetic field
therapy (10 mT, 50 Hz, 30 min) for 9 days. After completion
of the therapy, a significantly greater improvement was
observed in patients subjected to physical treatments. Two
serious limitations of the study were its small population
and methodological errors — statistical inference based
on Student’s t-test for 8 cases (in addition, the study does
not indicate whether the distributions were normal). More-
over, the application of analgesics was also misguided, as
it was difficult to evaluate the analgesic effect of physical
therapy or of pharmacotherapy, because they had been
combined.

Ratajczak et al. evaluated the influence of laser therapy and
magnetotherapy in conjunction with kinesiotherapy used
in patients with degenerative lumbosacral spine disease.>
The study involved 30 patients aged from 41 to 62 years.
The patients were ordered to undergo a series of 10 treatments
using laser light, magnetic therapy and kinesiotherapy. All
subjects were examined pre- and post-therapy by using the
Lasegue test and by measuring pain intensity with the VAS
test. Also, the mobility of their lumbosacral spine was mea-
sured with a Saunders digital inclinometer (Pearson Surgical,
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Sylmar, USA). An analysis of the mean values of the studied
parameters, reflecting the range of spinal mobility, showed
higher values in the post-therapy examination. The mobility
range was found to have improved in all planes. After the
VAS test, a statistically significant difference was observed
between the pre- and post-therapy results. Before therapy, the
Laségue sign was positive in 43.4% of the patients, while after
the therapy 20% of the patients had a positive sign. A meth-
odological error in the above study was the fact that instead
of using monotherapy in the comparison groups, the study
used a combination of all the physical methods and motor
improvement within a single group. Without comparing
individual treatments to each other, it is impossible to draw
any conclusions on the efficacy of the magnetic field — one
may only state that the combination therapy was effective.

On the other hand, Janiszewski conducted a clinical trial
involving 53 patients with osteoarthritis of the lower back and
found that in the study group (magnetic stimulation 30 T,
190 Hz, 20 min) a significant reduction in pain symptoms
occurred and the duration of morning stiffness was short-
er.’! Patients were administered treatments for a period
of 4—6 weeks. The weakness of this study, however, was
a lack of objective measurement tools and an evaluation
limited only to the early effects.

A study by Pasek et al. analyzed the therapeutic efficacy
of magnetic stimulation on various nosological units.?
The study was based on gathering information through
anonymous questionnaires. In total, 1,874 patients par-
ticipated in the study and were divided into sub-groups,
depending on the diagnosis. The authors proved that after
a series of treatments the patients experienced a reduc-
tion or clearance of pain symptoms, as well as an in-
creased range of mobility in their joints, spin and paretic
extremities. Shortcomings of the study included a sig-
nificant dispersion of the population and a lack of reli-
able examination of the participants (assessment through
a questionnaire).

In another study, Pasek et al. studied the influence
of a treatment using a magnetic field and polarized light
on back pain syndromes, and on sciatic neuralgia in par-
ticular.®® The study involved a group of 47 patients, 30 wom-
en and 17 men, diagnosed with sciatic neuralgia caused
by degenerative intervertebral disc disease. The diagnosis
was confirmed with a preliminary medical examination,
a radiological examination and a CT scan of the lumbar
spine. The patients were divided into 3 study groups. The 1%
group was treated with magnetic therapy with the follow-
ing parameters: a frequency of 40 Hz, magnetic induction
of 10 mT with a triangular magnetic field, and a duration
of 12 min. The 2" group was subjected to magnetic stimula-
tion with the Viofor JPS apparatus (Med & Life, Komordw,
Poland) using the M2P2 program, field intensity of 8, and
treatment duration of 12 min. The 3™ group was treated
with magnetoledotherapy, also using the Viofor JPS ap-
paratus, M2P2 program and optical IR radiation (wave-
length 830 mm) with a treatment duration of 12 min. Each
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patient underwent the Lasegue test both before and after the
therapy, and was examined with the subjective assessment
of experienced pain using VAS. In addition, a questionnaire
was used to assess the frequency of taking analgesic medi-
cation and quality of life was evaluated using the EuroQoL
scale. The authors demonstrated that in each of the study
groups the treatment resulted in a significant reduction
of pain, a reduced demand for analgesic medication, and
improved quality of life. The study did not state a signifi-
cant advantage of any of the analyzed methods in relation
to the results obtained. Unfortunately, the study did not
incorporate any verification of therapeutic effects based
on objective measurement tools.

Nowadays, application of magnetic stimulation is widely
used, not only in the therapy of persons suffering from pain
in the motor system, but also in stomatology, neurology,
and in the treatment of internal organ dysfunction.

In the period of 2003-2004, Kaptun et al. at the re-
habilitation ward in Hrubieszéw (Poland) attempted
to evaluate the usefulness of magnetic stimulation treat-
ments in patients after a stroke with low back discopathy
as a concomitant disease.?* The rehabilitation program
covered 318 patients, but the analysis was carried out with
respect to 53 patients after brain stroke of different etiol-
ogy, which included 17 women (32%) and 36 men (68%).
Electromagnetic therapy using the Viofor JPS apparatus
(Med & Life, Komordéw, Poland) was recommended in or-
der to reduce spasticity, normalize the emotional sphere,
normalize the functions of the circulatory system, and
obtain an analgesic effect. These treatments were an ad-
dition to pharmacological therapy and kinesiotherapy.
The patients received treatments twice a day for 12 min
using the M2P2 program, for 5 days/week, i.e., about 20-30
treatments were administered. The effects of the therapy
were assessed through a general medical examination,
evaluation of the functional status using the Brunnstrém
scale and evaluation of muscle tension using the Ashworth
scale. The results were compared with a group of patients
treated without the application of a magnetic field. Ir-
respective of the etiology of the stroke, the time elapsed
from the onset of the disease and the concomitant dis-
eases, in the study group a significant improvement was
obtained in 28 patients (52.8%), an improvement in 20 pa-
tients (37.8%), a lack of improvement in 3 patients (5.7%),
and a deterioration in 2 patients (3.7%). The therapeutic
effects concerned functional ability and spastic reaction.
The study did, however, lack an analysis of the long-term
results and a unification of the rehabilitation program for
all the patients studied. Another weakness was the incor-
poration of pharmacotherapy, which additionally impeded
verification of the obtained results and made it more dif-
ficult to draw unequivocal conclusions.

One can see from the above and from the review of lit-
erature presented in the introduction, there is a short-
age of well-planned, methodologically impeccable, ran-
domized clinical studies regarding the discussed subject.
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It is not possible to refer the results obtained in our study
to any data in the available literature, as this was the first
such clinical trial among publications worldwide.
Despite the innovative character of this study and
its novel elements, it also contains a number of limita-
tions. It would certainly be worthwhile to supplement
the project in the future with other modern and objec-
tive measurement tools, such as muscle electromyography
or systems for movement and balance analysis.
Unfortunately, balance measurements taken with the use
of stabilometric platforms are characterized by a certain
lability and a relatively low (despite their immense referen-
tiality in biomedical sciences) measurement repeatability
(even though all measurements were performed by the
same person in compliance with the principles of metrol-
ogy, and therefore the substantial standard deviations
in the obtained parameters attest to the fallibility of the de-
vice, which impacts the behavior of statistical tests during
analysis, as well as the inference process itself). Another
shortcoming of the study was the fact that the research was
carried out at a single facility, which significantly extended
the time of the project (nearly 3 years) and affected the
final number of patients. A multi-facility project would
have allowed access to a greater number of patients and
a better selection, and would have substantially shortened
the project duration. It may also be worthwhile to con-
tinue the work and gather greater populations in individual
groups, in order to verify the obtained results using statisti-
cal parametric tests. A weakness of this study was also the
relatively high measurement error during the observation
of mobility of the hip joint and the lumbar region of the
spine. When designing the study, we tried to reduce this
deviation by making sure that all the measurements were
made by the same person (a mean of 5 trials). However, the
listed shortcomings certainly constituted significant limi-
tations of the actions undertaken in this project. It must
also be mentioned that the long-term follow-up observa-
tion (at 1 month and 3 months post-therapy) was extremely
difficult and subject to certain limitations. During the
trial, at different stages, (after qualification for treatment
to a given group) 16 participants were successively excluded
from the study. It is worth noting that as many as 14 peo-
ple from this subpopulation were not able to comply with
the requirement to discontinue analgesics for such a long
period of time. The other 2 cases were a viral infection,
which prevented the patient from systematic participa-
tion in treatments, and the sudden, unplanned departure
of another patient, which also resulted in exclusion from
the project. The abovementioned circumstances affected
the final number of participants in the comparison groups.
In conclusion, further randomized clinical research tri-
als regarding the application of magnetic fields in various
areas should certainly be continued, in order to verify the
findings of this study. No doubt, studies conducted by oth-
er institutions would enable the comparison of experience
gained and a broadening of the knowledge on the subject.
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Conclusions

Magnetic fields studied in the present clinical trial,
in combination with specialist motor rehabilitation
(5 times a week for 3 weeks), may be efficient in reducing
certain symptoms of spinal discopathy at L5—S1, but the
resulting remission is only acute and short-term (without
further continuation of kinesiotherapy). The study has
shown that application of magnetic therapy (10 mT, 50 Hz,
20 min) significantly reduces pain symptoms and leads
to an improvement of functional ability in patients with
low back pain, based on the analysis of both subjective and
objective parameters. However, the application of magnet-
ic therapy with an induction value of 5 mT and of magnetic
stimulation appears to be ineffective and pointless in the
treatment of lumbosacral discopathy (within the scope
studied in this paper).
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Abstract

Background. Gastrointestinal stromal tumors (GISTs) are the most common mesenchymal tumors of the
digestive system. The primary location of GISTs is mainly the gastrointestinal system. Clinical symptoms are
nonspecific and mainly depend on the location and size of the tumor.

Objectives. The aim of this study was to conduct a clinical and pathological analysis of 18 cases of GISTs from
the medical records of the Department of Surgery at the 4™ Military Teaching Hospital in Wroctaw, Poland.

Material and methods. The medical records were of women and men at the age of 36—84 years who were
treated in the Surgical Clinic. The medical data that was gathered included clinical records, histopathological
results and the type of surgical treatment. The study also encompassed the anatomical location and size
of the tumor as well as microscopic examination of the tumor.

Results. In most cases, GISTs were located in the stomach. The most common symptoms were stomach-
aches and signs of bleeding into the digestive system. Usually, the tumor presented a diameter of <5 cm
and a low grade of malignancy. Out of 18 patients, 16 were treated with laparoscopic resection, whereas
in the remaining 2 cases, multiorgan resections were carried out, because the tumor was locally advanced.

Conclusions. Itis essential to distinguish stromal tumors from other mesenchymal tumors, since GISTs are
among the cancers that have a high risk of malignant progression. The conditions for successful treatment are
a properly established histopathological diagnosis, accompanied by immunohistochemical tests for (D117,
and a combination of antibodies for a differential diagnosis of other mesenchymal tumors.

Key words: gastrointestinal stromal tumor, (D117, tumorectomy, jejunal gastrointestinal stromal tumor,
stomach gastrointestinal stromal tumor
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Introduction

Gastrointestinal stromal tumors (GISTs) are the most
common mesenchymal cancers of the gastrointestinal
tract. They derive from the precursors of the pacemaker
interstitial cells of Cajal, which are responsible for intesti-
nal peristaltic activity. They are characterized by the over-
expression of the tyrosine kinase receptor KIT." Primary
GISTs are largely located along the gastrointestinal tract
— over 80% of them. Most frequently, they are found in the
stomach (40-70%) and small intestine (20—50%). This type
of sarcoma less frequently develops in the retroperitoneal
space (<15%). GISTs rarely occur in the colon (~5%) or
esophagus (<5%). Approximately 30% of all gastrointestinal
stromal tumors present signs of malignancy with evidence
of infiltration and distant metastases, especially liver and
peritoneal.

Primarily, GISTs develop within the wall of the gas-
trointestinal tract, below the mucosal layer. They are not
attached to the intestinal mucosa, but as the disease ad-
vances, they may lead to infiltration and ulceration of the
intestinal mucosa. The clinical symptoms of GISTs are
nonspecific and depend on the size and anatomical loca-
tion of the tumor. The most common presentations in-
clude abdominal pain, a palpable mass in the abdomen
and gastrointestinal bleeding, which can be chronic or less
frequently acute.?~* The most effective method of treat-
ment is a complete resection of the tumor. Gastric GISTs
are typically removed along with a part of the gastric wall
by wedge resection with a margin of 1-2 cm. Metastases
to regional lymph nodes are rare; they appear in <3% of pa-
tients, so systemic lymph node dissection is not generally
required. The resectability rate of GISTs is high and varies
from 70 to 80%.°

The aim of this study was to analyze the records of pa-
tients treated for stromal tumors in the Department of Sur-
gery at the 4*" Military Teaching Hospital in Wroctaw (Po-
land) between 2005 and 2015.

Material and methods

Clinical data, histopathological results and informa-
tion about the type of operation were collected from the
medical records of 18 patients operated on in the De-
partment of Surgery at the 4" Military Teaching Hospi-
tal in Wroctaw. Clinical symptoms reported before the
surgical treatment, the type of resection (RO, R1 or R2),
the anatomical location, and the size of the tumor as well
as the results of microscopic examination were analyzed.

The study group included 18 patients (11 men and 7 wom-
en) aged 36—84 years. The mean age of the study group was
62 years. In all patients, the histopathological diagnosis
was determined after the surgical treatment. In the major-
ity of cases, the GIST was located in the stomach (72%).
In 2 patients, it was found in the mesentery; in the

D. Janczak, et al. Management of gastrointestinal stromal tumors

Table 1. Tumor location

Organ | Number of cases | Percentage [%]
Stomach 13 72
Small intestine 1 55
Rectum 1 55
Mesentery 2 "
Retroperitoneal space 1 55
Total 18 100

Table 2. Tumor size

Tumor size [cm]

Percentage [%]

<5 12 66.7
5-10 4 223
11-20 1 55
>20 1 55
Total 18 100

remaining single cases, it was located in the small intes-
tine, rectum or retroperitoneal space (Table 1).

The most frequently reported symptoms were abdominal
pain and signs of intestinal bleeding, such as anemia and
tarry stools. One patient with a tumor in the mesentery pre-
sented with episodes of obstruction of the gastrointestinal
tract. One woman sought medical advice because of a pal-
pable abdominal tumor. Eight patients were qualified for
surgical treatment on the basis of endoscopy suggesting
a stomach tumor; however, the biopsy results indicated
only inflammatory changes. Other patients were qualified
for surgery based on the results of computed tomography
imagery of the abdominal cavity. In the majority of cases
(66.7%), the diameter of the tumor was <5 cm (Table 2).

All procedures were followed in accordance with the
ethical standards and with the Helsinki Declaration
of 1964 and later versions. Informed consent was obtained
from all the patients included in the study.

Results

A laparotomy was conducted on 16 patients. In all cases
of gastric GIST, a local tumor resection along with a part
of the stomach wall or a wedge resection with an oncologic
margin was performed. A multiorgan resection was done
in 2 patients with locally advanced tumors — a tumor di-
ameter of >10 cm and infiltration of the adjacent organs
(Table 3). Two patients were operated on laparoscopically
for gastric GIST. In the 1% case, a 3 cm pedunculated en-
dophytic tumor of the fundus was excised; in the 2" case,
a 3.5 cm exophytic tumor of the anterior was removed.

In the majority of cases (12 patients, 67%), the diameter
of the tumor was <5 cm and they were classified as low
to very low risk. Two cases of GIST with a tumor diam-
eter >10 cm were classified as high risk. The mitotic index



Adv Clin Exp Med. 2018;27(5):667-671 669

Table 3. Type of surgical operation

Type of surgery | Number of operations | Percentage [%]
Tumor resection with a margin including the stomach wall 1 68.75
Segmental resection of the small intestine 2 12.5
Anterior resection of the rectum 1 6.25

Multiorgan resection
1. Tumor resection with a margin including the stomach wall, splenectomy, segmental

: 2 12,5
resection of the transverse colon
2. Resection of the gastric tumor, segmental resection of the transverse colon
Total 16 100

Table 4. The degree of tumor malignancy

Risk classification Tumor size [cm] Mitotic index Percentage [%]
Very low <2 <5/50 3 16.7
Low 2-5 <5/50 9 50
) <5 6-10/50 0
Intermediate 510 <550 4 222
>5 >5/50 0
High >10 all 2 11
all >10/50 0
Total 18 100

Table 5. Residual tumor distribution

Presence of residual tumor | Number of cases

Percentage [%]

R1 5 28
R2 0 0

in all 18 cases remained below 5. The results of histopatho-
logical examination with risk assessment, mitotic index,
and tumor size are presented in Table 4.

The final result of microscopic examination confirmed
a complete RO resection in 13 patients. Tumors located in the
mesentery and in the retroperitoneal space were removed with
surgical margins showing microscopic evidence of tumor cells
(R1 resection). In the 2 cases of gastric GIST with a diameter
of >10 cm, tumor rupture occurred during the procedure, but
they were classified as R1 resections. All tumors were removed
without any macroscopic residual tumor (Table 5).

In all 18 patients, the follow-up period lasted from 6
to 60 months. The postoperative period was uneventful
in 17 cases. One case of postoperative death occurred
in an 84-year-old man who presented symptoms of heart
failure. During the follow-up, all patients were recurrence-
free. One patient was lost for follow-up. Four patients qual-
ified for adjuvant therapy with imatinib.

Discussion

Stromal gastrointestinal tumors are rare and challeng-
ing for clinicians because of their nonspecific symptoms
and an oligosymptomatic clinical course. They are often

discovered incidentally during an evaluation for other reasons.
A definite histopathological diagnosis is obtained postopera-
tively due to the subserosal, intramural or submucosal growth
of such tumors. In this study, the diagnoses were made post-
operatively based on histopathological examination of the
excised tissues. Obtaining a representative endoscopic bi-
opsy may be difficult because of the nature of tumor growth.
The preferred diagnostic methods are endoscopic ultrasound-
guided fine-needle aspiration or Tru-Cut biopsy, especially
for small tumors. The usefulness of endoscopic ultrasound-
guided fine-needle aspiration was studied by Akahoshi et al.
on a group of 53 patients. The overall sensitivity of this meth-
od was 82% (42 out of 53). The sensitivity in relation to tumor
size was 71% for lesions up to 2 cm, 86% for lesions of 2—4 cm,
and 100% for lesions over 4 cm.®

Discovering the presence of activating mutations
in the KIT or platelet-derived growth factor receptor alfa
(PDGFRA) genes is crucial for GIST diagnosis. The most im-
portant diagnostic tool for GIST is the evaluation of the im-
munohistochemical expression of CD117 which is found to be
positive in 95% of those tumors. Mutations within the PDGFRA
gene are detected in tumors with a mutation-free KIT gene.

The location of the GIST within the gastrointestinal
tract is a significant prognostic factor. A gastric location
is associated with a better prognosis (only 25% of such tu-
mors are malignant) than locations in other organs, includ-
ing the small intestine (50% of such tumors are malignant),
esophagus and colon (the majority of these tumors are
malignant). Less frequently, a GIST may appear outside the
wall of the gastrointestinal tract, in which case it is found
in the mesentery, omentum, retroperitoneum, or pelvic
tissues. Typically, however, in those locations, metastases
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of the stromal tumor are found. Histopathological exami-
nation requires information about the site of origin of the
tumor.” In our study group, 3 primary tumors (16.7%) were
located outside the gastrointestinal tract.

The risk stratification developed on the basis of expert ex-
perience from the National Institutes of Health (NIH) distin-
guishes tumors of very low, low, intermediate, and high risk
of recurrence or metastasis. The key elements of this scheme
include tumor size and mitotic count assessed in 50/HPF.
Additionally, the prognosis takes into account the loca-
tion of the tumor. Cut-off values for tumor size are 2, 5
and 10 cm, and 5 mitoses per 50 HPF. Tumors larger than
10 cm with high mitotic activity (over 10/50 HPF) are always
of high risk.® In our study group, the majority of tumors
(16 patients, 89%) were classified as not high risk. Only in
1 case (5.5%) was the tumor classified as high risk.

In the treatment of GISTs, radical surgery is the most
effective therapeutic approach. In approx. 75% of patients,
it is possible to perform the first operation with curative
intent and remove the lesion with a margin free of tumor
(RO or R1 resection). Increasingly, laparoscopic or endo-
scopic procedures are being used. Researchers from Ko-
rea conducted a retrospective study on 406 patients who
were treated surgically for GIST between March 1998 and
March 2012. The mean tumor size was 4.9 cm (ranging
from 0.3 to 29 cm). All patients underwent radical surgery.
Laparoscopic resection was carried out in 156 patients
(38.4%), while the remaining 250 (61.6%) required open
resection. The mean tumor size in the patients treated
laparoscopically was significantly smaller than in those
who were treated with open surgery (3.45 cm vs 5.46 cm;
p < 0.001). During the follow-up period, which lasted from
2 to 166 months (median 42.9 months), 11 (2.7%) cases
of recurrence with metastases to the liver (9 cases) and
peritoneum (2 cases) were observed in patients undergoing
surgical resection.” Authors from China used endoscopic
resection to treat small lesions up to 2 cm which were
located in the stomach and grew into the gastrointestinal
tract lumen. This procedure was shorter and associated
with less blood loss and a faster recovery of intestinal peri-
stalsis. In 3 out of 50 patients (6%) who underwent the
endoscopic procedure, perforation occurred. One patient
was reoperated on because of abdominal infection, while
in the remaining patients conservative treatment was ef-
fective.!? In turn, Honda et al. described a group of 78 pa-
tients (32 men, 46 women) with a mean age of 63 years
who were treated with laparoscopic surgery for gastric
GIST. The mean size of the tumors was 34.7 £12.1 mm.
In 92.3% of patients, tumor resection was performed with
a pathologically negative margin, while in 7.7% of patients,
gastrectomy was required. The mean operative time was
147.5 +63.8 min, the mean estimated amount of blood loss
was 17.8 +47.9 mL and the mean length of hospitalization
was 9.4 +12.8 days. Complications such as anastomotic
leakage occurred in 2 (2.6%) cases. During the follow-
up period of 45.3 +18.5 months, 1 patient experienced
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recurrence in the omentum and 4 other patients died due
to other causes. These results convinced the author that
laparoscopic resection is an appropriate therapeutic option
for lesions up to 5 cm in diameter.!!

Stromal tumors constitute approx. 20% of all tumors
of the small intestine. The most common presentation
of intestinal GIST is bleeding, while obstruction oc-
curs rarely. Morrison and Hodgdon described 2 patients
with a GIST who underwent emergency laparoscopy due
to small intestine obstruction.'? In a 59-year-old man, the
obstruction was caused by an 8 cm pedunculated tumor,
which provoked a rotation of the bowel and its mesentery.
In another case of a 24-year-old woman, the obstruction
resulted from intussusception of the lesion. Both patients
underwent segmental resection of the small intestine af-
fected by the tumor, then a side-to-side anastomosis was
created using the Endo GIA™ stapler. There were no com-
plications in either case. The authors believe that laparo-
scopic resection for obstructed intestinal tumors is a safe
procedure and is associated with less blood loss, shorter
hospital stays and less analgesic use in comparison to open
surgery. When a small intestinal tumor is suspected in the
computed tomography, the presence of GIST shall be con-
sidered. During surgery, special care shall be taken to avoid
damage to the capsule of the tumor.!?

In the adjuvant treatment of patients with intermediate
and high clinical aggressiveness according to the NIH,
tyrosine kinase inhibitors are used because of the high
risk of recurrence.!® Additionally, a spontaneous rupture
of the tumor or rupture during resection increases the
risk of peritoneal recurrence and is considered an unfa-
vorable prognostic factor.!* The introduction of imatinib
has significantly improved prognosis and survival in such
patients. Proper histopathological diagnosis, along with
an immunohistochemical test for CD117 and a panel of an-
tibodies helpful in differential diagnosis of other mesen-
chymal cancers are prerequisites to successful therapy.
An increase in the incidence of disease progression with
longer follow-up times in patients treated with imatinib for
disseminated GIST has been observed; thus, attempts at
combining imatinib with other invasive methods have been
undertaken.!® Hakime et al. described a group of 17 pa-
tients who underwent radiofrequency ablation of the liver
for metastatic GIST. The mean max tumor diameter was
2.5 +1 cm (range: 0.9-4.5 cm). The authors believe that
their treatment modality is effective and safe in patients
with GIST liver metastases who undergo imatinib treat-
ment, and that the treatment should be applied at the ap-
propriate time for the best clinical response.!®

Conclusions

The most common location of GISTs is the stomach
(72%). In the diagnosis of GISTs located in the stomach, en-
doscopic biopsy results are often negative and indicate the
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inflammatory process of the gastric mucosa. Computed
tomography of the abdominal cavity is the best diagnos-
tic test. The majority of GISTs are of very low or low risk
of recurrence and metastasis (67%).
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rich in docosahexaenoic acid, a precursor of F4-neuroprostanes.
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Introduction

Intracranial aneurysms are common, occurring in about
1-2% of the population. A saccular aneurysm is a pouch-like
pathological dilatation of an intracranial artery that develops
when the cerebral artery wall becomes too weak to resist he-
modynamic pressure and distends. Unfortunately, the ma-
jority of them do not give characteristic symptoms, while
vascular diagnostics is recommended only for patients with
a family history of aneurysm or subarachnoid hemorrhage
(SAH). Some intracranial aneurysms remain stable over
time, but in others, mural cells die, the matrix degenerates,
and eventually the wall ruptures, causing a life-threatening
hemorrhage. Subarachnoid hemorrhage requires urgent di-
agnosis and treatment due to the high mortality and younger
age of onset compared to other cardiovascular diseases.
Itis particularly important to prevent systemic and cerebral
complications, which significantly worsen the prognosis
and are associated with the occurrence of new neurological
deficits, leading to disability in patients. The most favorable
situation would be to diagnose and embolize or clip an an-
eurysm before SAH. The main problem is the lack of easily
detectable, fast-emerging markers in the blood, imaging
complications in the course of SAH.

The exact pathogenesis of cerebral aneurysms is not
completely known, but it was shown that inflammatory
and immunological mechanisms play a dominant role,
and that the modifiable risk factors include smoking and
high blood pressure.! Inflammation in connection with hy-
pertension leads to disturbances in reduction—oxidation
(redox) homeostasis in the arterial wall.? In such a situa-
tion, increased reactive oxygen species (ROS) generation
results in oxidative modifications of lipids, proteins and
DNA.2 Brain susceptibility to oxidative stress results from
the consumption of large amounts of oxygen, alteration
of the blood-brain barrier and bio-activation of glial
cells.* Moreover, the metabolism of the brain is charac-
terized by the promotion of ROS due to its unique meta-
bolic features, such as neurotransmitter oxidation.> Some
glial cells and macrophages can produce the superox-
ide anion (O,"), nitric oxide (NO) and hydrogen perox-
ide (H,O,) indirectly through the cytokine activation.®
Additionally, some brain regions have a high concentration
of non-heme iron ions that can catalyze reactive hydroxyl
radical formation from hydrogen peroxide.” In contrast
to the easy triggering of ROS production in the brain, anti-
oxidant defense is rather modest.? In particular, the levels
of catalase and glutathione peroxidase, enzymes which par-
ticipate in phospholipid protection, are low in most brain
regions and in cerebrospinal fluid (CSF).? Therefore, oxida-
tive damage to membrane phospholipids can easily occur
in the central nervous system. Brain cells are susceptible
to ROS action because of their high phospholipid polyun-
saturated fatty acid content, primarily arachidonic acid (AA)
and docosahexaenoic acid (DHA).1° ROS may participate
in non-specific lipid peroxidation that proceeds through
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chain reactions for lipid radicals, which react with oxygen
to form a wide variety of products depending on the sub-
strate oxidized. Cyclization and fragmentation are the main
fatty acid transformations during free radical reactions.!!

The main products of polyunsaturated fatty acid (PUFA)
cyclization are prostaglandin derivatives, primarily
F2-isoprostanes and F4-neuroprostanes, while fragmenta-
tion leads mainly to small-molecule unsaturated aldehydes.
F2-isoprostanes are formed in all types of brain cells,
mainly during the process of peroxidation of AA, while
F4-neuroprostanes are derived from DHA, which is a main
component of neuron phospholipids.!? Both are generated
in vivo independently of cyclooxygenases, primarily by free
radical-induced peroxidation, and they are more stable
than reactive aldehydes.’ In addition, the products of cy-
clization have been found to exert potent biological actions,
and hence may become mediators of diseases.!* Therefore,
their measurement is currently recognized as the most ac-
curate method of assessing oxidative injury in vivo. It has
been shown that the concentration of F2-isoprostanes
and F4-neuroprostanes is increased in a number of hu-
man brain diseases.!

The pathogenesis of cerebral aneurysms is not fully
understood, and we lack fast and cheap diagnostic tests
for them. These facts justify the search for indicators which
could also help to assess the metabolic consequences of an-
eurysms and the results of specific medical treatment.
Therefore, in this study we examined the levels of the prod-
ucts of PUFA cyclization in the plasma of patients with
aneurysmal SAH in order to determine whether and how
the development of a cerebral aneurysm, with or without
SAH, affects the neuronal metabolism of phospholipids.
The influence of different invasive treatments on brain
free radical phospholipid metabolism was also checked.

Material and methods

The plasma samples used in this study were col-
lected from a group of 66 patients, including 35 wom-
en at a mean age of 54 years (range: 29-84 years) and
31 men at a mean age of 53 years (range: 38—66 years).
Aneurysm was diagnosed in 33 patients (11 women and
22 men) at a mean age of 53 years (range: 29—69 years)
and subarachnoid hemorrhage caused by the rupture
of aneurysm was diagnosed in 33 patients (24 female and
9 men) at a mean age of 54 years (range: 31-84 years).
Hemorrhage was diagnosed by brain computed tomogra-
phy (CT) and aneurysm was diagnosed by angio-CT and
angiography. SAH patients were evaluated at admission
according to the Glasgow Coma Scale (GCS), the Hunt-
-Hess scale and World Federation of Neurosurgeons Scale
(WENS), which define neurological condition in rela-
tion to the size of hemorrhage.'*-!® The size of hemor-
rhage and cerebral edema in CT was rated on the Fisher
scale.” The patient’s medical history takes into account
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information which could affect the marked parameters,
such as chronic diseases, drugs used in the past month,
smoking, and alcohol use. The routine tests included elec-
trocardiography (ECG) and basic blood diagnostic tests.

The control group consisted of 66 healthy subjects —
35 women and 31 men, average age 54 years (range: 27—
—79 years) (Table 1). All the participants were matched
for sex, age, diagnosis, and blood test results. The results
of the parameters of healthy subjects and patients from all
groups are outlined in Table 1. The exclusion criteria were
as follows: pregnancy, lack of written consent or recent treat-
ment with certain medications, including non-steroidal anti-
inflammatory drugs, steroids and oral contraceptives.

The study commenced after obtaining approval from
the Local Bioethics Committee at the Medical University
of Bialystok (Poland), and written informed consent was
obtained from all patients.

Samples and laboratory measurements

Blood samples were drawn by venipuncture and collect-
ed into heparinized and non-heparinized tubes. Samples
were centrifuged at 2000 x g, at 4°C for 20 min to obtain
plasma and serum. An antioxidant, butylhydroxytoluene
(BHT), was added to the plasma samples before storing
them to prevent oxidation. Samples were stored at —80°C
until analyzed.

The serum samples were used to take laboratory mea-
surements, including morphology, electrolyte and creati-
nine levels, and glucose and coagulation panels.

Biochemical assays
Total F2-isoprostane and F4-neuroprostane levels were

quantified using the modified liquid chromatography-
mass spectrometry (LC-MS) (Agilent, Santa Clara, USA)

Table 1. Results of blood laboratory tests of healthy subjects and patients
with aneurysm and SAH

Healthy Aneurysm SAH
Parameters subjects patients patients
n=66 n=33 n=33
WBC [103/mm?] 527 +£1.16 8.60+3.6 11.34 £3.77
RBC [108/uL] 415 +0.31 4.30£0.39 408 £0.56
PLT [x100 000/mm?] 174 £47 270 £80 205 +60
Sex (male : female) 31:35 22:11 9:24
Age (<50 years : >50 years) 2541 11:22 13:20
Chronic diseases (-: +) - 9:24 13:20
Smoking (-:+) - 21:9 12:13
Ht{n;k;erofaneurysms B 2112 249
S - m | w
Embolization : clipping - - 19:14

WBC - white blood cells; RBC - red blood cells; PLT - blood platelets;
SAH - subarachnoid hemorrhage.
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methods of Coolen and Fam, respectively, which have been
described in detail.!32%2! In short, F2-isoprostanes and
F4-neuroprostanes were isolated using the solid phase
extraction (SPE) method, after an alkaline hydrolysis
step. All analyses were performed using an Agilent 1290
ultra-performance liquid chromatography (UPLC) system
interfaced with an Agilent 6460 triple quadrupole mass
spectrometer with electrospray ionization source (ESI)
(Agilent). The separation was performed using a reverse
phase C18 column and linear gradient with water (pH 5.7)
and acetonitrile (Sigma-Aldrich, Darmstadt, Germany).
Asan internal standard, 8-isoPGF2a—d4 (Cayman Chem-
ical, Ann Arbor, USA) was used. F2-isoprostanes were
analyzed in negative ion mode using multiple reaction
monitoring (MRM). The plasma 8-isoPGF2 was deter-
mined as total 8-isoPGF2 containing free and esterified
8-isoPGF2. The limit of detection (LOD) was 30 pg/mL,
at a signal-to-noise ratio of 3. The limit of quantitation
(LoQ) for the standard F2-isoprostane was 60 pg/mL,
at a signal-to-noise ratio of 10. The precision of LoQ was
8.25% (coefficient of variation — CV). The linear dynamic
range was 60—6000 pg/mL. F4-neuroprostanes were ana-
lyzed by selected ion monitoring (SIM) in the m/z 357,
as a series of peaks that have molecular masses and reten-
tion times expected for F4-neuroprostanes generated from
the oxidation of DHA (Sigma-Aldrich) in vitro.

Statistical analysis

Data pertaining to continuous variables were expressed
as mean +SD. The x? test was used for testing hypotheses
pertaining to categorical variables. The normal distribution
of quantitative data was verified using the Kolmogorov-
Smirnov test, with corrections performed by the Lilliefors
test and the Shapiro-Wilk test. The significance of differ-
ences between the groups was tested with the Mann-Whit-
ney U test and the Kruskal-Wallis test. For the comparison
of dependent variables, the Friedman test was used with
the adjusted Conover post hoc test. A p-value of <0.05 was
considered statistically significant. All statistical analyses
were performed using Stata/IC v. 13.0 (StataCorp, College
Station, USA).

Results

The results obtained in this study seem to indicate
that aneurysm development leads to a significant increase
in the plasma level of lipid peroxidation products, such
as F2-isoprostanes and F4-neuroprostanes (more than
2-fold and 8-fold, respectively). The rupture of an aneu-
rysm additionally increases the level of these parameters
in comparison to healthy subjects (Table 2).

Mean concentrations of F2-isoprostanes in patients with
an unruptured aneurysm amounted to 235% of that found
in the control group and to 264% of that in patients with
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Table 2. The plasma F2-isoprostane and F4-neuroprostane levels

F2-isoprostanes [pg/mL]
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F4-neuroprostanes [pg/mL]

Parameters
healthy subjects aneurysm healthy subjects aneurysm
a) 470 £126 a) 694 £215
Plasma level (260-790) 991 6172 1079 +654b° (390-1110) 5758 £2439 6220 +3869
b) 442 £119 (255-2526) (186-2830) b) 660 £194 (1621-13097) (1814-22417)
(240-820) (360-1010)
<50 vears old 255 718 1399% 493 5852 5978
Y (152-432) (255-1769) (303-2830) (229-849) (1621-8636) (1814-22417)
550 vears old 332 1015 696* 476 6066 5387
Y (232-516) (366-2526) (186-1774) (278-723) (2985-13097) (2082-9628)
Male 282 644 1256 465 5873 4603
(152-516) (366-2526) (186-2212) (230-849) (3122-13097) (1814-7572)
Ferale 335 754 610 6083 5744
(172-389) (255-2013) (283-2830) (282-787) (1621-9606) (2082-22417)
1 aneurysm _ 579 B 6566 5082*
y (255-2013) (274-2830) (2985-9234) (3156-7572)
1 ameurvem - 758 ~ 5750 9810*

y (366-2526) (303-1901) (1621-13097) (5934-13153)
Aneurysm size B 1202 1180* _ 6606 5387
<10 mm (433-1856) (186-2830) (3568-13097) (1814-22417)
Aneurysm size B 721 293* B 5852 6179
>10 mm (260-2526) (274-1915) (1621-9234) (3145-13153)

2 the control group for aneurysm;  the control group for SAH; * statistical difference.

subarachnoid hemorrhage. The difference in isopros-
tane concentration between patients with a ruptured and
unruptured aneurysm was not as substantial, reaching
merely 9%. The plasma concentration of F4-neuropros-
tanes was significantly higher than that of F2, reaching
1027% in the aneurysm group and 1141% in the aneurysm
and SAH group as compared to healthy subjects. When
comparing the patients with unruptured and ruptured
aneurysms, the values for patients with SAH were found
to be 10% higher.

The iso- and neuroprostane plasma levels with addition-
al information concerning the patients are listed in Table 2.

Due to the mean age of 50.08 years in all treated patients,
a concentration of oxidative stress parameters was rated
above and below 50 years. Table 2 shows the values of F2-
isoprostane and F4-neuroprostane levels in the age groups;
the marked p-value for the healthy and aneurysm patients
is not statistically significant, whereas in the group with
hemorrhage, the concentration of F2-isoprostanes is sig-
nificantly higher, with p < 0.05. The concentration of F2-
isoprostanes and F4-neuroprostanes were also compared
in diversity by gender, described using the Mann-Whitney
U test, but there was no statistically significant difference
between men and women.

The size of an intracranial aneurysm had a statistically
significant impact on plasma F2-isoprostanes at the time
of hemorrhage, with p < 0.05. The results are shown in Ta-
ble 2. The values of F4-neuroprostanes are higher for sev-
eral intracranial aneurysms at admission and discharge.

A number of factors have an effect on oxidative stress,
including chronic diseases, inflammation, smoking, and

alcohol abuse. The influence of the above-mentioned factors
on the value of F2-isoprostanes and F4-neuroprostanes was
taken into consideration in the group of patients with SAH
at the time of onset and at discharge. These parameters are
shown in Table 3. The group of alcohol-abusing patients was
too small to carry out credible statistical analysis.

Each SAH patient was examined neurologically on
admission to the Department of Neurosurgery (Clini-
cal Hospital of Medical University of Bialystok, Poland),
after their medical history was taken. Neck stiffness
was observed in all patients and Kernig’s sign was pres-
ent in 64% of patients. We observed the following focal
symptoms in 5 patients: hemiparesis, blurred vision, and
speech impairment in the form of motor and mixed apha-
sia. The remaining patients presented only neck stiffness.
The Hunt-Hess scale illustrates neurological condition
in relation to the degree of impaired consciousness and
changes in the brain CT scans. There was no statistically
significant difference between these groups of patients,
but the values of measured parameters decreased faster
in patients with less neurological deficit.

Dependence of the iso- and neuroprostane concentra-
tion was assessed in relation to the WENS. The clinical
grading system is based on the GCS and on the presence
of neurological symptoms. Grade I without motor deficit
was observed in 24 people and was compared with patients
in the other stages. We observed 2 patients in both grade II,
with impaired orientation, and grade IV with motor deficit
and significant impairment of consciousness. The results
did not differ in these groups. Indeed, a statistical decrease
was recorded during hospitalization.
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The Fisher scale is based on changes observed in brain
CT scans performed for each patient on hospital admission.
Grades 1 or 2 were found in 11 patients with a small amount
of blood in the subarachnoid space. Grade 3 was found
in 4 of them with hematoma in the subarachnoid space and
in 18 patients with blood perforation into the ventricular sys-
tem. There was a statistically significant difference in the con-
centration of F4-neuroprostanes at discharge between grades
2 and 3 on the Fisher scale, with p < 0.05.

Edema was observed in brain CT scans of 20 patients
with subarachnoid hemorrhage. The analyzed parameters
of oxidative stress were higher in the case of F4-neuropros-
tanes, but showed no statistical significance, with p > 0.05.
On the other hand, intracerebral hematoma appeared
in 6 patients; its presence did not affect plasma isoprostanes
(p = 0.4975) or neuroprostanes (p = 0.3559) in the blood.
However, for patients without intracerebral hematoma,
the value of the F4-neuroprostanes decreased significantly
faster, visualizing higher expiration of oxidative stress,
with p < 0.05.

Each patient hospitalized in the course of SAH was mon-
itored by transcranial Doppler (TCD) for vasospasm. This
complication occurred in 17% of patients; the evaluated
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Fig. 1. The F2-isoprostanes (ISO) in patients with SAH before
and after treatment
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iso- and neuroprostane levels are shown in Table 3. The av-
erage values of F4-neuroprostanes were higher at admis-
sion and discharge in the case of vasospasm, falling sig-
nificantly during hospitalization only in patients without
vasospasm.

Aneurysms were embolized in 19 patients; in the re-
maining 14 patients, aneurysms were successfully clipped
after angiography in all cases. Additionally, stress pa-
rameters were measured for 23 patients after the surgical
procedure. The mean concentration of F2-isoprostanes
increased by 7.8% on average after aneurysm treatment,
and at discharge it decreased by 30.9%, representing 25.5%
below baseline. Comparing the types of surgical interven-
tion, lower values of isoprostanes can be observed after
embolization, with a direct decrease during hospitaliza-
tion (Fig. 1).

The mean values of neuroprostanes are several times
higher, falling gradually after onset (Fig. 2).

This decrease since hospital admission is more sig-
nificant in the case of embolized aneurysms. The dis-
tribution of concentration for clipping is also connect-
ed with an initial postoperative increase, as in the case
of F2-isoprostanes.

A
16
*
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*x ¥
Yy 8
3
4 -
’ i
-4
15t day 3'd day 6-8th day
B NPS

3 —m—embolisation
2 —@—clipping

1 ¥ SAH

0? ‘ ® control

15t day 3rd day 6-8th day

Fig. 2. The F4-neuroprostanes (NPS) in patients with SAH before
and after treatment
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Table 3. The plasma F2-isoprostane and F4-neuroprostane levels in SAH patients before and after treatment

F2-isoprostanes [pg/mL]

F4-neuroprostanes [pg/mL]

Parameters
6-8t" day
B 3 962 +759 625 +410 5834 +3035 3542 +2425
(274-2830) (116-1454) (1814-13153) (1433-9518)
Chronic disease
N 20 961 £595 690 +634 5390 +4656 3265 £1690*
(186-2212) (171-2867) (1953-22417) (864-6112)
B 1 1084 £670 690 +751 5610 +5441 3110 £1434
(283-2830) (180-2867) (2082-22417) (864-9520)
Smoking
N 13 803 £624 553 +438 5834 +2427 3680 +2714
(186-2210) (117-1562) (1814-9628) (1020-5740)
B 1 858 £506 559 +398 6854 £5235 4890 +2304*
(274-1901) (116-1454) (3289-22417) (1020-9518)
Kernig's sign
N 1 1009 £719 680 £621 4603 £2056 3112 £1653*
(186-2830) (171-2867) (1814-9984) (864-7895)
N 8 985 +631 652 +583 5611 +4179 3258 £2139*
(186-2830) (116-2867) (1814-22417) (1020-9518)
Focal signs
N 5 630 +852 553 £412 5122 +3252 3542 +1738
(404-2212) (389-1374) (1953-9984) (864-5740)
: 19 1192 +473 755 £421* 5654 +4681 3261 £1745*
(283-1901) (116-1562) (1814-22417) (1020-7233)
Hunt-Hess scale
24 14 627 £855 542 £717 5167 £2456 3480 £2492
(186-2830) (171-2867) (1953-9984) (864-9518)
: 0 937 +637 625 +444 5654 +4376 3680 +£2210*
WENS (186-2830) (116-1562) (1814-22417) (1020-9518)
o4 9 825724 934 +788 5562 +2647 3337 £1283*
(404-1965) (171-2867) (2082-9984) (1206-4601)
12 " 889 +579 626 +462 5086 +3417 4125 +1880
(186-1897) (116-1562) (1814-13153) (1433-7233)
Fisher Scale
34 2 985 +691 788 £602 5654 +4324 3340 +2135*
(274-2830) (171-2867) (1953-22417) (864-9518)
- 1009 £529 625 +718 5086 £1892 3256 +1448
- (186-1897) (310-2867) (2082-8715) (1664-6112)
Brain edema
" 21 858 +723 586 +411 5654 +4752 3555 +2375%
(274-2830) (116-1454) (1814-22417) (864-9518)
% 1105 +639 866 £583 6477 £4314 3701 £1623*
- (186-2830) (116-2867) (1814-22417) (1020-7233)
Hematoma
o 7 980 +752 571 £393 5151 £2192 3874 £3414
(274-2212) (171-1177) (1953-7572) (864-9518)
o 1192 £575 717 £560* 5562 +2446 3256 +1853*
- (186-2212) (171-2867) (1814-10290) (864-7895)
Vasospasm
N 5 449 +1086 310 £90* 6854 +8596 3569 +2996
(274-2830) (171-377) (3156-22417) (2101-9518)

* statistically different; WFNS — World Federation of Neurosurgeons Scale.

Discussion

An intracranial aneurysm, usually formed at cerebral
artery bifurcations, is the result of pathological changes re-
ducing the strength and stretching of the arterial wall, and
hemodynamic blood flow, to which endothelial cells are ex-
posed.?22% The loss of endothelium continuity and exposure
to collagen leads to thrombus formation, in which blood
cells get trapped. Trapped platelets release platelet growth
factors that react with the receptors of muscle cells, lead-
ing to proliferation.?* Moreover, the concomitant release

of vascular endothelial growth factor (VEGF) increases
endothelial permeability, thus facilitating the accumula-
tion of lipids and plasma proteins, including antibodies
and complement components in the arterial wall. Neutro-
phils, trapped in the thrombus, are a source of proteases
and other cytotoxic and pro-inflammatory compounds
which increase oxidative stress and damage the intima and
media.?> Therefore, it is suggested that chronic inflamma-
tion is the primary reason for arterial wall degeneration.!
An increase in macrophage, T cell and leukocyte infiltra-
tion in the wall produces ROS that can modify the protein
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and lipid components — extracellular as well as cellular
— and in consequence, the atherosclerotic walls contain
accumulated lipids. The accumulation of lipids and low-
density lipoproteins (LDLs) in the intima of the cerebral
artery walls over time leads to intimal thickening and
to changes in their structure, and finally, their functions.
It refers particularly to brain membrane phospholipids
that contain a high content of highly PUFAs, including
arachidonic acid, linoleic acid, and docosahexaenoic acid.?®
When they are attacked by ROS, peroxidation products are
formed with peroxides first, and consequently, an increase
in lipid peroxidation is observed.?” Moreover, PUFA per-
oxidation is enhanced in the presence of transition metal
ions, such as copper and iron ions. Iron is found through-
out the brain, and damage to brain tissue releases iron
ions in a form which is capable of catalyzing free radical
reactions, such as hydroxyl radicals formed from hydro-
gen peroxide or lipid peroxidation. Unfortunately, CSF
has no significant ability to bind any released iron ions,
which further promotes lipid peroxidation in the central
nervous system (CNS).28 A relatively stable group of lipid
peroxidation products is the prostaglandin-like compound
group, including F2-isoprostanes and F4-neuroprostanes,
whose levels are also significantly enhanced during aneu-
rysm development, as was shown in this study. It confirms
that the non-enzymatic mechanisms of oxidation of AA
esterified at the sn-2 position of different cells of cellu-
lar and lipoprotein phospholipids, and DHA esterified
at the sn-2 position of neuron phospholipids play an im-
portant role in brain diseases, since F2-isoprostanes are
formed mainly during the peroxidation of AA, the most
abundant in all types of cells, whereas F4-neuroprostanes
are derived from DHA, in which neurons are particularly
rich.?® F2-isoprostanes and F4-neuroprostanes are rec-
ognized as specific markers of lipid peroxidation and are
superior to other markers of oxidative damage. The el-
evated level of prostaglandin derivatives has been observed
in a number of human CNS diseases linked to oxidative
stress.3%3! The level of these compounds was also signifi-
cantly increased in the plasma of patients with aneurysm,
where the F2-isoprostane and F4-neuroprostane levels
were approx. 3-fold and 10-fold higher than in the controls.

Further endothelial dysfunction, loss of muscle cells and
the infiltration of inflammatory cells escalate inflammation
and matrix degradation in the wall of the aneurysm, and
lead to its rupture.3>33 This study revealed that aneurysm
rupture was accompanied by an additional increase in F2-
isoprostanes and F4-neuroprostanes. The number of such
accidents increases with age. The average age for subarach-
noid hemorrhage in the literature is 60 years. In this study,
the average age for SAH was 54 years and women accounted
for 72% of them. Female gender was also rated in the pre-
vious meta-analyses as a risk factor of rupture.?? Another
general factor influencing aneurysm rupture is smoking.
Smoking patients made up half the cases in the study
group, which also coincides with previous analyses, because
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in Europe, 45-75% of patients with ruptured aneurysms
are smokers. In the general population, this incidence rate
is 20—-35%. The factors increasing the risk of rupture are
polycyclic shape and size, the most commonly ruptured
aneurysms being between 6 and 15 mm. Assessing the size,
only 18% of ruptured aneurysms were larger than 10 mm.
The extravasation of blood into the subarachnoid space
during aneurysm rupture causes a decrease in superoxide
dismutase (SOD) activity in erythrocytes, which reduces
their antioxidant ability and is conducive to increased mem-
brane lipid peroxidation. The disintegrating erythrocytes
become a source of free iron ions released from hemoglo-
bin, which may participate in the Fenton reaction, lead-
ing to the formation of hydroxyl radicals (OH) and an in-
crease in cascade radical reactions.?* This is accompanied
by the release of pro-inflammatory factors, leading to local
and systemic inflammation.?® As a result of this release from
a ruptured artery and the migration in the course of in-
flammatory leukocytes, comes the mass overproduction
of free radicals and increased oxidative stress. Irritation
of the arteries by the breakdown of hemoglobin products
manifested by spontaneous vasospasm is particularly haz-
ardous.?® The result might be brain tissue damage by isch-
emia-reperfusion or development of a delayed ischemic
neurological deficit (DIND). The activated microglia and
macrophages generate superoxide anion and hydrogen per-
oxide as well as the release of pro-inflammatory cytokines,
such as IL-1, IL-6 and TNF-q, resulting in oxidative stress
generation with subsequent lipid peroxidation. A particu-
larly exacerbated inflammation and lipid peroxidation was
observed in a study of younger patients (<50 years of age),
suggesting a faster accumulation of systemic inflamma-
tory responses. In addition, we observed a higher level
of F4-neuroprostanes in the case of several cerebral aneu-
rysms. Additional symptoms consistent with focal brain
injury, such as hemiparesis, blurred vision, and motor
and mixed aphasia, occurred in 5-15% of patients, much
less than in the previous studies. The F2-isoprostane and
F4-neuroprostane concentrations showed a greater decrease,
providing for a faster stabilization of the prooxidative — an-
tioxidative balance in asymptomatic patients with focal CNS
injury, as well as in patients in the best condition according
to the Hunt-Hess scale and the WENS, based on the GCS.
In our observation, the advancement of hemorrhagic and
edemic changes observed in the brain in the course of SAH
did not correlate with the parameters of oxidative stress
in the blood, which has been observed in CSE.*’

The neurosurgical treatment of SAH patients diagnosed
with a ruptured aneurysm consists of clipping or coiling
as less invasive techniques. Aneurysm embolization was
performed in 19 patients, which accounted for 58% of pa-
tients. In the remaining 14 patients, the aneurysms were
clipped after angiography. A gradual restoration of brain
metabolic homeostasis by embolization and clipping
is shown by a target decrease in the level of plasma F2-
isoprostanes and F4-neuroprostanes.
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A complication occurring in the course of SAH was va-
sospasm, observed in 17% of patients, imaged by TCD.
This value is much lower than estimated in previous
studies, which affects 67% of patients, with a focal onset
of symptoms in 24-32% of patients.3® The cause may be
the quick exclusion of the aneurysm from the systemic cir-
culation and the implementation of a “triple-H” treatment
on hospital admission. In the case of vasospasm, the F4-
neuroprostane level was higher with a slower decrease than
in patients without this complication. In the recent publi-
cations, mortality was estimated at 30—40%.3® The above
study recorded only 1 death. This fact could have been due
to the center’s experience in aneurysm embolization and
clipping conducted in the Neurosurgical Intensive Care
Unit, and the prevention of complications.

In conclusion, it was revealed that aneurysm leads
to an increase in the cyclized products of PUFA peroxi-
dation (F2-isoprostanes and F4-neuroprostanes). How-
ever, the rupture of an aneurysm results in hemorrhage
and an additional increase in the examined prostaglandin
derivatives. Embolization and clipping of aneurysms con-
tribute to a gradual restoration of metabolic homeosta-
sis in brain cells, which is visible in the decreasing level
of the examined lipid peroxidation products. These pa-
rameters, F4-isoprostanes in particular, could be useful
in monitoring the onset of intracranial aneurysm develop-
ment and the effectiveness of therapy.
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Abstract

Background. Adrenal hemorrhage (AH) is a rare condition that can lead to acute adrenal insufficiency and
may be fatal. The risk factors of AH include focal adrenal lesion, abdominal trauma and anticoagulation therapy.
The clinical manifestation of AH varies widely; the symptoms may be related to adrenal insufficiency or may
reflect multiple organ failure. However, in many cases, the course of AH is asymptomatic.

Objectives. The study is a retrospective analysis of 23 cases of AH, whose aim is to discuss the etiology and
the management of selected patients, as well as a literature review.

Material and methods. The paper presents a retrospective analysis of 23 patients with AH confirmed
by radiological and/or pathological examination. Epidemiological data, the results of laboratory tests, and
radiological and pathological examinations were included in the analysis.

Results. The risk factors of AH were not established in 13 patients, 5 patients had experienced a trauma
prior to AH diagnosis, 1 patient was diagnosed with sepsis, 2 patients had concomitant neoplastic disease,
and in 2 patients, 2 risk factors were present. Among patients who required emergency admission, 5 patients
were hospitalized due to acute abdominal pain, 1 patient due to sepsis and 1 patient due to symptoms
of active endocrinopathy. In the remaining patients, diagnostic procedures were prompted by the detection
ofadrenal incidentaloma (Al). A total of 40% of patients underwent surgical treatment due to the magnitude
of AH or clinical and laboratory evidence of overt endocrinopathy. In the remaining patients, conservative
treatment and further observation was recommended. In 34.8% of these patients, follow-up examinations
revealed a gradual regression.

Conclusions. It seems that there is a need to distinguish patients with AH who do not require surgical
intervention. Follow-up radiological examination is necessary to reassess the lesion. The patients in whom
shrinkage of the tumor can be observed are likely not to require surgical treatment.

Key words: adrenal glands, hemorrhage, pseudocyst, primary adrenal insufficiency, adrenal incidentaloma
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Introduction

Adrenal hemorrhage (AH) is a rare condition that can lead
to acute adrenal insufficiency and may be fatal. It is poten-
tially life-threatening when the adrenal glands are involved
bilaterally, although at least 90% of each adrenal cortex must
be compromised before this is clinically evident. The inci-
dence of spontaneous AH based on data from autopsy stud-
iesis 0.14—1.1%. The risk factors of AH include focal adrenal
lesion, abdominal trauma, anticoagulation therapy, congeni-
tal or acquired bleeding disorders, sepsis, and pregnancy.!?
Bleeding of an adrenal gland tumor is most frequently ob-
served in pheochromocytoma and adrenal metastases.!"3-°
Larger lesions of adrenal myelolipoma (>5 cm) rarely present
with acute retroperitoneal AH.® The clinical manifestation
of AH varies widely; the symptoms may be related to adrenal
insufficiency or may reflect multiple organ failure. However,
in many cases, the course of AH is asymptomatic.”

Until recently, AH diagnosis was often made at post-
mortem examination.® Currently, due to the increased
availability of modern imaging techniques, AH is more
frequently diagnosed intravitally and in many cases lesions
in the adrenal glands are detected unexpectedly (adrenal
incidentaloma — AI). The features of AH on radiological
imaging are specific; therefore, its diagnosis based on im-
aging studies is relatively simple.?®

Data on AH in the literature are scarce and management
standards have not been precisely established. It seems
that there is a need to redefine AH risk factors and to estab-
lish guidelines for the management of high-risk patients,
particularly considering that some AH cases may be as-
sociated with metastases or pheochromocytoma.

This paper summarizes data on 23 cases of AH, and dis-
cusses the etiology and the management of selected patients.

Material and methods

This paper presents a retrospective analysis of 23 pa-
tients with AH confirmed by radiological and/or patho-
logical examination. The study group included patients
treated at the Department of Endocrinology and Internal
Diseases and the Outpatient Clinic of the University Clini-
cal Center in Gdansk from 2002 to 2016. Epidemiological
data, the results of laboratory tests, and radiological and
pathological examinations were included in the analysis.

Results

The study group included 23 patients; 60.8% women and
39.2% men. The mean age was 60.6 years (Table 1).

The risk factors of AH were not established in 13 patients
(56.6%), 5 patients (21.8%) had experienced a trauma prior
to AH diagnosis, 1 patient (4.3%) was diagnosed with sep-
sis, 2 patients (8.7%) had concomitant neoplastic disease,
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and in 2 patients (8.7%), 2 risk factors were present: anti-
coagulant drugs and lung cancer, and trauma and chronic
oral anticoagulation.

Among patients who required emergency admission,
5 patients (21.7%) were hospitalized due to acute abdomi-
nal pain, 1 patient (4.3%) due to sepsis and 1 patient (4.3%)
due to symptoms of active endocrinopathy. In the re-
maining 16 patients (69.7%), diagnostic procedures were
prompted by Al The symptoms of adrenal insufficiency
(in the course of sepsis) were confirmed in 1 patient, and
1 patient had treatment-resistant hypertension. The rest
of the patients were asymptomatic.

The results of biochemical tests and hormone assays
in serum and urine — e.g., cortisol, adrenocorticotropic
hormone (ACTH), androstenedione, dehydroepiandros-
terone sulfate, and metoxycatecholamine (MT) — and ra-
diological images of the study participants were analyzed.
In 13 patients (56.2%), laboratory test results were within
the range of normal values. The remaining 10 patients had
laboratory abnormalities, including biochemical markers
of adrenal insufficiency (4.3%), hypercortisolemia (8.7%),
elevated urinary M Ts (mainly normetanephrine, 21.8%), and
disorders of both the corticotropic axis and MT secretion
(8.7%). In all patients, computed tomography (CT) examina-
tion was performed. A lesion in the right adrenal gland was
found in 12 patients (52.2%), a lesion in the left adrenal gland
was found in 10 patients (43.5%), and 1 patient had bilateral
lesions. The diameter of the AH ranged from 17 to 150 mm
(mean diameter: 60.6 mm) (Table 2).

Nine patients underwent surgical treatment (40%) due
to the magnitude of AH or to clinical and laboratory evi-
dence of overt endocrinopathy. The patient in whom both
an elevated M T level and hypercortisolemia were found was
disqualified from surgery due to the burden of concomitant
diseases. It should be stressed that the results of radiological
examinations did not raise any oncological concerns. More-
over, pathological assessment unequivocally indicated AH;
only in 1 specimen was AH with the presence of neoplastic
cells (a metastasis from lung cancer) found. In the remaining
group of patients (n = 14; 60%) conservative treatment and
further observation was recommended. In this group, specif-
icrisk factors were identified (sepsis, trauma and anticoagu-
lation) and no clinical or laboratory evidence of endocrinopa-
thy was observed, while the adrenal lesions were explicitly
described in CT reports as AH. Follow-up examinations
performed in 8 patients (34.8%) revealed a gradual regression
of AH, and in the patient with bilateral lesions, a complete
absorption of hematomas was found. Table 2 summarizes
the clinical course of AH in the study population.

Discussion

The pathophysiological mechanism of AH remains un-
clear. The adrenal glands have unique vasculature provid-
ing abundant blood supply, which significantly increases
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Table 1. Study group characteristics

Adrenal | Sizeon CT

No. | Age | Gender | Risk factor Laboratory tests Intervention Additional information
gland [mm]
1 38 | female trauma right 30x17 normal observation none
anticoagulant )
2 70 male drugs, lung right 55 %40 elevated normetanephrine observation ClEErEEeE S 61 TEe 19 25 M
at 18 months
cancer
3 60 | female urosepsis bilateral 52x32 adrenal insufficiency observation resolution of mass at 12 months
4 87 male unknown right 115 x 70 normal observation S e
at 3 months
5 67 fornale unknown right 30 %8 hypercortisolemia, Qlevated observation decreased size of mass to 25 mm
normetanephrine at 12 months
6 55 male unknown right 150 % 10 normal adrenalectomy ) )
histologically hematoma
7 73 | female trauma right 85x70 normal adrenalectomy histologically hematoma
8 65 male S left 76 % 65 hypercortisolemia, glevated observation decreased size of mass to 75 mm
normetanephrine at 2 months
9 60 male unknown left 60 x 60 normal adrenalectomy histologically hematoma
10 | 51 female unknown right 64 X 48 normal adrenalectomy histologically hematoma
h i ia, el ) ,
1 58 | female unknown left 120 x 40 ypercortisolemia, ? evated adrenalectomy histologically hematoma
normetanephrine
12 62 | female unknown right 62 X 52 normal adrenalectomy histologically hematoma
13 | 60 male unknown left 97 x 78 normal adrenalectomy histologically hematoma
14 67 | female unknown left 35x 25 normal adrenalectomy histologically hematoma
15 | 53 | female unknown left 43 % 31 hypercortisolemia adrenalectomy histologically hematoma
16 | 6l female EMIEEEUEE left 60 X 60 elevated normetanephrine observation GladieRee] S GRS 0 57 il
drugs, trauma at 10 months

decreased size of mass to 18 mm

17 | 58 | female unknown left 21 %13 elevated normetanephrine observation At 20 months
18 | 64 male unknown right 11 elevated normetanephrine observation none

19 | 45 male trauma right 18x9 normal observation none

20 63 | female unknown right 21 x 15 normal observation stable size of mass
21 60 | female lung cancer left 60 x 23 normal observation none

22 60 male colon cancer right 35x 25 normal observation none

23 | 57 | female trauma left 48 x 33 normal observation none

Inferior phrenic artery

Inferior phrenic. vei
frierior phrenic.vem Left suprarenal gland

Superior suprarenal
arteries

Right suprarenal gland

. Middle suprarenal artery
Left suprarenal vein

Left suprarenal vein

Inferior suprarenal artery

Right kidney Left kidney

Inferior vena cava Abdominal aorta

Fig. 1. Anatomical structure and blood supply of the adrenal glands
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Table 2. Study group characteristics

Feature Description
Age (mean) 60.6 years - -
women 14 60.8
Gender
men 9 39.2
trauma 5 21.8
sepsis 1 4.3
anticoagulants + neoplasm 1 43
Etiology
anticoagulants + trauma 1 4.3
neoplasm 2 8.7
unknown 13 56.6
Adrenal right adrenal gland 12 522
gland left adrenal gland 10 435
nvolved bilateral 1 43
acute abdominal pain 5 217
Clinical asymptomatic (incidentaloma) 16 69.7
presentation infection 1 43
evidence of active endocrinopathy 1 43
normal 13 56.5
hypercortisolemia 2 87
Laboratory elevated metoxycatecholamines 5 21.8
parameters hypercortisolemia + elevated 5 87
metoxycatecholamines '
adrenocortical insufficiency 1 43
observation 14 60
Intervention
surgical treatment 9 40

the propensity to bleeding. Each adrenal gland is supplied
by 3 suprarenal arteries (the superior suprarenal artery,
a branch of the inferior phrenic artery; the middle supra-
renal artery, a direct branch of the abdominal aorta; and
the inferior suprarenal artery, a branch of the renal ar-
tery).>® It should be noted that venous outflow is provided
by only 1 suprarenal vein tributary to the inferior vena
cava.l? Furthermore, it has been suggested that increased
capillary resistance may be a significant factor predispos-
ing an individual to AH. Elevated ACTH and MT levels,
through their vasoconstrictive effect and excessive platelet
activation, may lead to reperfusion and subsequent bleed-
ing, mainly from distal capillary vessels (Fig. 1).511
Adrenal hemorrhages can be divided into primary (spon-
taneous or idiopathic) and secondary AHs (of known etiol-
ogy, e.g., caused by trauma, sepsis or anticoagulation ther-
apy).! The risk factors of AH are summarized in Table 3.
Based on a 25-year observation, Vella et al. divided
a group of 141 patients with AH into 7 categories:
1. AH detected as AI — 28 cases;
2. spontaneous AH manifesting as acute hemorrhage
to the abdominal cavity — 16 cases;
3. AH with concomitant hematological disease (an-
tiphospholipid syndrome, systemic lupus erythe-
matosus) — 20 cases;
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Table 3. Risk factors of adrenal hemorrhage

Conditions predisposing

to AH Examples

Trauma (80% of cases) -

burns

hypotension
surgery (particularly
orthopedic surgery)

Stress

sepsis caused by Neisseria meningitidis,
Pseudomonas aeruginosa, Escherichia
coli, Bacteroides fragilis, Streptococcus
pneumoniae

Infectious disease

- anticoagulants

- antiplatelets
nonsteroidal anti-inflammatory drugs
synthetic ACTH

+ glucocorticosteroids

Medication

- antiphospholipid syndrome
systemic lupus erythematosus
heparin-induced thrombocytopenia
other thrombocytopathies

- thrombocytosis

Hematologic disorders

- pregnancy
Obstetric causes .+ postpartum period
.+ pre-eclampsia

+ asphyxia
perinatal hypoxia
sepsis
- fetal hematologic disorders

Perinatal injury

primary: pheochromocytoma,
adrenocortical cancer, myelolipoma,
lipoma, hematoma, angioma, adenoma,
pseudocyst

metastatic: lung cancer, renal cancer,
breast cancer, colon cancer, thyroid
cancer, gallbladder cancer, melanoma

Adrenal gland tumor

Gastrointestinal diseases | + acute pancreatitis

AH - adrenal hemorrhage; ACTH — adrenocorticotropic hormone.

4. postoperative AH (patients who underwent laparo-
scopic procedures or laparotomy, alloplastic joint
replacement and prostatectomy) — 14 cases;

5. AHin patients treated with anticoagulants — 3 cases;

post-traumatic AH — 4 cases;

7. AH as a complication of sepsis and/or stress — 56
cases.®

The cases analyzed in our study were mainly Als with

non-established etiology (70% of patients), which were

categorized as group 1 according to Vella’s classification.

The remaining patients were classified as group 2 or 7.

The clinical presentation reflects both the intensity
of bleeding and the extent of adrenal gland injury.!”?

The clinical course in bilateral massive hemorrhage

to the adrenal glands is usually dramatic and, if recog-

nized too late, may be fatal.!? The patients in whom AH
has been incidentally diagnosed usually do not develop

a typical form of AH and the course of the disease may be

asymptomatic.®13-16 In the analyzed group, 91.4% of cases

were asymptomatic; only in 1 patient was clinically overt
adrenal insufficiency observed.

o
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Fig. 2. Patient No. 22: right adrenal hematoma, 35 mm in diameter (arterial phase CT scan)

Fig. 3. Patient No. 8: left adrenal hematoma, 70 mm in diameter, with
calcifications (arterial phase CT scan)

Abnormalities of laboratory parameters in patients with
AH, such as hyponatremia, hyperkaliemia, hypercalcemia,
and hypoglycemia, are biochemical markers of adrenal
insufficiency. Anemia is observed in patients with mas-
sive bleeding. Thrombocytopenia and bleeding disorders
occur in patients with antiphospholipid syndrome or lu-
pus erythematosus.®!” Considering the risk of AH related
to pheochromocytoma and adrenocortical cancer, in pa-
tients with these pathologies, the urine MT level mea-
surement and the corticotropic axis assessment should be
done. "% In the study group, symptomatic adrenocortical

Fig. 4. Patient No. 16: left adrenal hematoma, 60 mm in diameter
(arterial phase CT scan)

insufficiency (in the patient with bilateral AH in the course
of sepsis), increased secretion of MT and corticotropic
axis disorders were found. Isolated hypersecretion of MT
was observed in 5 patients, which could indicate an active
neoplastic process (pheochromocytoma is the lesion where
AH occurs most frequently);*> however, MT levels only
slightly exceeded normal laboratory range (50—100% above
the upper limit of normal) and the patients did not pres-
ent symptoms indicative of an excess of catecholamines.
For this reason, the above abnormality was considered
non-specific and could not be the basis for diagnosing
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pheochromocytoma. Follow-up examination confirmed
the spontaneous normalization of MT levels. It should
be noted that 56.5% of patients had normal laboratory
values. Similarly, in a group of 6 patients with AH de-
scribed by Marti et al., 4 patients had normal laboratory
test results.!

Undoubtedly, the increased availability of imaging exam-
inations resulted in higher rates of AH diagnosis. The ra-
diological image of AH depends on the patient’s age and
the duration and intensity of bleeding.>?° Despite the fact
that ultrasonographic (USG) examination is a fast, inexpen-
sive and widely available technique, its use in the diagnosis
and monitoring of AH patients is limited to newborns and
infants.? It has been reported that contrast-enhanced ul-
trasonography (CEUS) can also be used for the diagnosis
of adrenal gland tumors, which might enhance the role
of this technique in the detection of AH.?"?? The method
of choice for critically ill patients is CT scanning, because
itallows preliminary differentiation of adrenal hemorrhagic
tumors from malignant lesions (10% of pheochromocyto-
mas, adrenocortical carcinoma and metastases).?>?* On CT
images, AH appears as a focal heterogeneous high-density
(50-70 Hounsfield units) lesion (Fig. 2).12>26 With the ag-
ing of the hematoma, its gradual shrinkage and even com-
plete regression can be observed. Chronic AH can be seen
as an adrenal mass with a hypodense center without calci-
fication, known as an adrenal pseudocyst, and after a year,
calcification is often found (Fig. 3). The lack of contrast
enhancement allows the hemorrhagic nature of the lesion
to be confirmed.? Moreover, Tan et al. presented 4 cases
of non-traumatic AH which demonstrated features of prior
adrenal congestion (adrenal gland thickening and periadre-
nal fat stranding) on CT scans (Fig. 4).>” In some cases,
magnetic resonance imaging (MRI) can be employed, which
is particularly useful for differentiating acute bleeding from
chronic bleeding.?%2>2° The appearance of hemorrhage
on MRI scans depends on the age of hemorrhage, with
the signal intensity changing in relation to the progressive
degradation of hemoglobin. In the acute phase (<2 days),
hemorrhage is hypointense on T1-weighted images and
hypointense on a T2 signal (Fig. 5). In the early subacute
phase (2-7 days), AH is seen as a hyperintense T1 signal
and a hypointense T2 signal. A chronic hematoma dem-
onstrates peripheral low T1 and T2 signals due to intracel-
lular hemosiderin, with central T2 hyperintensity and T1
isointensity.?

The management of patients with AH depends on their
general health status. Hemodynamically unstable patients
require intensive medical treatment for shock and adrenal
insufficiency as well as qualification for surgical treatment.
Surgery should be also considered in patients with the sus-
picion of pheochromocytoma and adrenocortical carci-
noma, particularly if the size of the tumor in the adrenal
gland exceeds 6 cm."*?° Conservative treatment should
be considered in patients with bilateral AH, in patients
whose AH was detected as Al and in those with known
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Fig. 5. Patient No. 3: bilateral adrenal hemorrhage; the lesions are 50 mm
in diameter (MRI)

and reversible risk factors (e.g., AH caused by an overdose
of anticoagulants).>3° Marti et al. described 6 cases of AH.
In the group, 4 patients underwent surgical treatment,
whereas the rest of the patients were re-examined.! One
patient receiving conservative treatment was on antico-
agulation therapy and, burdened with lung cancer metas-
tasizing to the adrenal gland and adrenal hematoma, was
qualified for chemotherapy. During the 6-month follow-up
examination, a marked regression of the adrenal lesion was
found. In another patient who had a history of septic shock
complicated with neutropenia and colon perforation, and
whose CT scan showed a hematoma with a pseudocyst,
a complete regression of the adrenal lesion was observed
at the 6-month follow-up visit. Bharucha et al. described
bilateral AH with subclinical course in a patient on war-
farin therapy in whom conservative treatment proved
to be successful.” There are reports on cases of spontane-
ous bilateral AH manifesting with acute abdominal pain,
in which the introduction of hydrocortisone replacement
therapy and the withholding of surgical treatment resulted
in a significant regression of the lesion confirmed by fol-
low-up imaging.!2*

Among the patients included in the analysis, 9 (40%)
underwent surgical treatment, and the decision was made
based on the tumor size and the suspicion of active endo-
crinopathy. The remaining 14 patients (60%) were only
examined again at follow-up. The factors that determined
the choice of conservative treatment were known AH risk
factors, an absence of clinical and laboratory markers
of endocrinopathy, and a description of the adrenal le-
sion in the CT report, which unequivocally indicated AH.
In 34.8% of these patients, follow-up imaging examina-
tions showed a partial or total regression of the lesion.
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Therefore, it seems that there is a need to distinguish pa-
tients with AH who do not require surgical treatment, be-
cause the natural course of AH may result in spontaneous
hematoma resorption and recovery. Follow-up radiological
examination is necessary in order to reassess the lesion.
The patients in whom shrinkage of the tumor can be ob-
served are likely not to require surgical treatment.
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Abstract

Background. Many literature reports have indicated the fact that the percentage of active smokers among
the homeless is high, often several times higher than that of the general population. The homeless are known
to have worse spirometric parameters than the general population.

Objectives. The question of what the principal and exclusive cause of airway obstruction among the home-
less is remains unanswered. Verification of the above-mentioned hypothesis is possible by comparing
the spirometric parameters in homeless people with those in the general population, based on the data related
to subgroups with similar tobacco smoke exposure, which are homogenous in terms of sex, race and age.

Material and methods. The spirometric parameters in 58 homeless male smokers were compared with
those in 55 male smokers living normal lives. Neither group differed in age, duration of smoking or the number
of pack-years. All of the subjects were Caucasian.

Results. The mean values of forced expiratory volume in 1 (FEV1), forced vital capacity (FVC) and FEV1/
FVC, both corrected and expressed as absolute figures, were lower amongst the smoking homeless men
than amongst men living normal lives. In 27.59% of the homeless subjests not receiving treatment for lung
diseases, airway obstruction was identified.

Conclusions. Our results suggest that smoking is not the only cause of the worse spirometric parameters
found among the homeless.

Key words: homeless, spirometry, smoking
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Introduction

In the 21°* century, diseases of the respiratory system
have become a worldwide challenge for the medicine.
Commonly known environmental factors are causing
the problem to grow, and because most of these diseases
are incurable, an increasing emphasis is being placed
on their prevention. Atypical subpopulations, ones
that exaggerate the extent of the problem, can be useful
in the assessment of the effectiveness of preventive mea-
sures. Homeless people are such a subpopulation when
it comes to many disease entities. Leaving aside the ethi-
cal and social aspects, the homeless population attracts
the interest of researchers from a medical point of view
due to the unique epidemiology of diseases of social sig-
nificance. Given the limited access to medical assistance
and the poor care for homeless people’s own health, cer-
tain diseases are particularly prevalent among them and
their diagnosis is often delayed.? Homeless people are
characterized by a very high incidence of tuberculosis,
an increased risk of HIV infection, a risk of various types
of dependence syndromes (alcohol, illicit drugs, nicotine),
a high percentage of individuals with mental problems,
and high mortality.3-°

Apart from certain shared features which are inde-
pendent of the geographical location of a study (such
as the marked predominance of males among the home-
less), there are also certain differences.® American and
Western European authors most commonly deal with
younger populations than authors from Central Euro-
pean countries do.” Drug dependence is more commonly
reported by American authors, while alcohol dependence
prevails in European publications.? Racial differences are
also significant. American authors report that 70-90%
of the homeless population is made up of African Ameri-
cans, while this particular ethnicity is practically non-
existent in the Eastern European countries.®

Authors of multiple publications also observe that
the percentage of active smokers among the homeless
is high. Being estimated at 70-90%, irrespective of where
the particular study was conducted, this percentage is sev-
eral times higher than that in the general population.®-1
Smoking is the strongest risk factor for the development
of chronic obstructive pulmonary disease (COPD).!! Taken
together, these 2 facts clearly imply that COPD must be
more prevalent among the homeless.

This was noticed by Snyder and Eisner, who performed
spirometry in 67 homeless people in San Francisco (USA)
and showed that obstructive lung disease (OLD) was
twice as prevalent in this subpopulation as compared
to the general population.!? A report by Badiaga et al.
from Marseilles (France) presented a similar conclu-
sion suggesting an obvious pathophysiological associa-
tion with smoking, which in this study was declared
by 78% of the homeless compared to 30% of the mem-
bers of the general population.!® The problem is that such
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a combination of facts suggests a causal relationship,
with homeless people developing OLD more often, be-
cause they smoke more. Meanwhile, this relationship has
not been proven or, more precisely, the fact that there
is a well-documented relationship between smoking and
OLD does not make it the only reason why this highly
smoke-exposed subpopulation develops OLD more often.
Verification of this hypothesis is possible by comparing
the spirometric parameters in homeless people with those
in the general population and by studying the data related
to subgroups with a similar exposure to tobacco smoke
(homogenous in terms of sex, race and age).

Material and methods
Study population

A total of 53 homeless males from the city of Olsztyn
(Poland) were included in the analysis. Olsztyn has a popu-
lation of approx. 175,000; that — according to the 2014
data published by the Regional Center for Social Policy
in Olsztyn — includes 153 homeless people falling within
the European Typology on Homelessness and Housing
Exclusion (ETHOS) operational categories: 1 — people
living rough; 2 — people in emergency accommodation
(a night shelter); and 3 — people living in accommodation
for the homeless, in our case in a homeless hostel.* A set
of basic demographic and medical data was collected from
each of the subjects. Participation in the study was entirely
voluntary and each subject was free to refuse to answer any
of the questions, without providing a reason, at any stage
of the study. The study protocol was approved by the Bio-
ethics Committee of the University of Warmia and Mazury
in Olsztyn, Poland (No. 38/2013).

The control group consisted of 578 individuals who had
been examined during routine prophylactic campaigns
carried out as part of Polish Spirometry Day. The examina-
tions were performed at several different locations in Olsz-
tyn (such as Old Market Square, City Hall, the Provincial
Governor’s Office, the Pulmonology Hospital, and others).
Participation in the study was entirely voluntary and free.
Each of the subjects completed a questionnaire which in-
cluded questions about the subject’s sociodemographic
data, risk factors and respiratory symptoms. The volun-
teers were free to refuse to answer any of the questions.
For the purposes of the study, all male current and ever-
smokers over 35 years of age were selected, making a total
of 55 people.

The reason why we chose 35 years as the lower age lim-
it was because it was necessary to enable comparisons
in the analogous age groups. This way, only 1 much young-
er person was excluded from the study group (the homeless
group). Both groups consisted of subjects who considered
themselves healthy and had never been treated for COPD
or asthma.
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Spirometry

Measurements of vital capacity (VC) and the flow — vol-
ume curve were carried out by medical staff experienced
in performing spirometry, in accordance with the ATS/ERS
2005 guidelines.!® Testing was performed using a Microlab
CareFusion MK8 spirometer (Medicom, Zabrze, Poland);
it was calibrated each day before the testing.

Before the start of the study, each subject was informed
about the spirometry testing procedure. The spirometry
was carried out with the patient in a sitting position. Only
the results that met the criteria of a correctly conducted
test according to ATS/ERS were included in the statistical
analysis.

Statistical analysis

Statistical analysis was performed using STATISTICA
software v. 12 (StatSoft Inc., Tulsa, USA). The Shapiro-Wilk
test was used to check for normality. The homogeneity
of variance in the groups being compared was assessed us-
ing the Levene’s test. Where the assumptions of normality
and homogeneity of variance were met, the Student’s t-test

for independent samples was used. Otherwise, the non-
parametric alternative, namely the Mann-Whitney U test,
was employed. A significance level of 0.05 was adopted
as the borderline value of acceptable error level.

Results

Of the total of 58 homeless individuals examined,
53 homeless ever-smokers were included in the analysis.
This group was compared with 55 male ever-smokers lead-
ing a normal lifestyle.

Table 1 summarizes the mean values in the homeless
and control groups.

This was followed by an analogous comparison among
current smokers; the results of the comparison are given
in Table 2.

Furthermore, in our homeless group, we identified 11 cas-
es with mild, 1 case with moderate, 2 cases with moderately
severe, and 2 cases with severe airway obstruction (i.e., a to-
tal of 16 cases). We did not identify any case with very severe
obstruction. In the control group, on the other hand, we only
identified 8 cases with mild obstruction.

Table 1. Mean values and their comparison among ever-smokers in the homeless group and the control group

Homeless group

Control group

Variable
mean SD
FEV1 [dm?3/s] 2.82 0.73 53
FEV1 [%] 84.83 17.79 53
FVC [dm?/s] 371 0.80 53
FVC [%] 89.23 15.53 53
FEV1/FVC 75.76 11.36 53
Age [years] 57.21 9.83 53
Years of smoking 35.65 131 51
Pack/days 0.85 0.34 51
Pack/years 29.60 16.72 52

SD
34 0.75 55 0.000
99.75 17.20 55 0.000
443 0.86 55 0.000
102.78 17.70 55 0.000
79.53 11.50 55 0.090
57.84 1212 55 0.768
2794 1242 50 0.003
1.12 0.71 55 0.014
30.30 23.04 55 0.860

FEV1 - forced expiratory volume in 1 s; FVC — forced vital capacity.

Table 2. Mean spirometry values in the current smokers group

Homeless group

Control group

Variable
FEV1 [dm?/s] 277 0.73 48
FEV1 [%] 82.65 16.84 48
FVC [dm?/s] 3.69 0.80 48
FVC [%] 8794 15.39 48
FEV1/FVC 75.07 11.49 48
Age [years] 56.90 9.19 48
Years of smoking 36.25 11.81 48
Pack/days 0.82 0.31 48
Pack/years 30.28 15.89 48

3.69 073 31 0.000
103.06 14.96 31 0.000
4.69 0.87 31 0.000
104.32 18.92 31 0.000
80.35 10.77 31 0.044
53.84 13.36 31 0.232
3048 13.25 29 0.051
1.05 0.66 31 0.040
29.44 20.74 31 0.840

FEV1 - forced expiratory volume in 1s; FVC - forced vital capacity.
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Discussion

The current Global Initiative for Chronic Obstructive Pul-
monary Disease (GOLD) criteria require post-bronchodilator
spirometry for the diagnosis of COPD.!! A simple spirometry
test allows for the identification of obstruction or restriction,
but is not sufficient for establishing a diagnosis of a specific
disease. The specific nature of work with the homeless makes
it very difficult to satisfy the GOLD criteria and is very likely
to be one of the reasons why, to the best of our knowledge,
no such studies have been conducted. In one of the pub-
lished studies, which was based on spirometry results among
the homeless, Snyder and Eisner reported a much higher per-
centage of subjects meeting the criteria of airway obstruc-
tion than would be expected in the general population.!?
Another study, already mentioned in the introduction, was
conducted by measuring the peak flow, a tool that is much
easier to use in this group of people.’> Our study is therefore
eligible for comparison with the report by Snyder and Eisner.
In such a comparison, despite the fact that our study group
was much older (p = 0.000), the mean values of forced expi-
ratory volume in 1 s (FEV1), forced vital capacity (FVC) and
FEV1/FVCin our study were not significantly different from
those reported by Snyder and Eisner .12

Our study material, however, allowed us to make a more
interesting comparison, namely a comparison between
homeless males and males living normal lives.

Our results demonstrated much worse spirometric pa-
rameters among the homeless than in the control group
(Tables 1, 2), even though these 2 groups did not differ
significantly in age or in exposure to tobacco smoke ex-
pressed in pack-years.

In their report, Snyder and Eisner considered several ex-
planations for the poorer spirometric parameters observed
in the homeless. Some of them, such as the considerable
percentage of African Americans among the homeless, who
usually have worse spirometric parameters, can be directly
negated.'® In our database, both in the study group and
in the control group, 100% of the subjects were Caucasian.
It is also questionable that such considerable differences
can be explained by the statement that OLD may be one
of the causes of homelessness. Spirometric parameters phys-
iologically decline with age. Our database primarily included
chronically homeless subjects (98%), aged 57 years on aver-
age, while only few of them (5.17%) met the criterion of severe
obstruction (even before checking the reversibility criterion).

What we agree with is the statement regarding delayed
diagnosis or no diagnosis of OLD among the homeless and
the impact of respiratory tract infections. We are likely to be
dealing here with a similar situation to that with the course
of tuberculosis. The poor care for one’s own health is one
of the reasons for delayed diagnosis.!” In our database, which
included subjects considering themselves to be healthy,
we identified a total of 16 cases of airway obstruction among
the homeless (27.59%), with only 8 such cases in the control
group (15.55%). And although this difference was borderline
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significant (p = 0.0506; n = 53 vs 55 homeless vs control
group, respectively), the quantitative comparison did not take
into account the severity of the obstruction. A total of 5 cas-
es of more than moderate obstruction (including 2 cases
of severe obstruction) were identified among the homeless
compared to 0 in the control group. This difference is best
reflected by comparing the mean values (Tables 1, 2).

The issue that is most interesting here, however, is smok-
ing. Our results negate the hypothesis according to which
spirometric parameters among the homeless are worse,
because homeless individuals smoke more. It is very likely
that the high cost of tobacco products limits their availabil-
ity to this group of people, so that despite the longer duration
of smoking (Table 1 — current and ex-smokers), the num-
ber of pack-years in both groups is the same. The analysis
of current smokers (Table 2) showed that the total duration
of exposure to tobacco smoke in both groups was the same.
Without negating the already proven relationship between
smoking and OLD, it seems that in this case, this relation-
ship is not responsible for the differences observed.'®

It should, however, be kept in mind that it is not pos-
sible to objectively — quantitatively or qualitatively — assess
the exposure to passive smoking. It may be assumed to be
particularly high in this group (especially during the win-
ter months, when survival of the homeless depends on their
stay at various types of night shelters). On the other hand,
we did not attempt to assess the exposure to passive smok-
ing in the control group, either. This unconfirmed sug-
gestion concerning the impact of passive smoking among
the homeless requires further studies, especially since this
is an area in which prophylactic activities are feasible and
would require appropriate training to be provided to social
workers employed in night shelters.

Limitations

Our sample size of homeless people is too small to allow
a reliable statistical analysis of the subgroup of homeless
male non-smokers and the subgroups of female smokers
and female non-smokers, who were not included in our
study. For this reason, we limited the focus of the analysis
to smoking males. This limitation results from the demo-
graphic regularities already mentioned in the introduction.
The inclusion of females, due to their considerably lower
proportion (approx. 10%), would require a multicenter
study assessing approx. 1,000 homeless subjects, which
still would not include a subgroup of non-smoking females,
whose number would be too small for statistical analysis.

Conclusions

The apparently obvious conclusion that homeless people
have worse spirometric parameters, because they smoke
too much seems incorrect. Our results have demonstrated



Adv Clin Exp Med. 2018;27(5):689-693 693

much worse spirometric parameters among male homeless
smokers than in the control group including male smokers
leading normal lives, in spite of the fact that these 2 groups
did not differ significantly in terms of age or exposure
to tobacco smoke. Our study does not explain this fact, but
points to the existence of other causes in addition to ex-
posure to tobacco smoke.

The considerable percentage (27.59%) of homeless male
subjects with airway obstruction not receiving treatment
for lung diseases suggests the need to place this group
under detailed observation and to provide them with
treatment.
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Abstract

Background. Venous insufficiency is still a serious clinical problem. The exact cause and molecular mecha-
nisms of this disease are still unknown. In this study, we try to identify whether there is a difference in the
level of trace elements between healthy and pathological veins. Our results show that insufficient veins have
different levels of some trace elements: magnesium, calcium, manganese, and silicon compared to control
samples. This study could lead to a better understanding of the molecular causes of venous insufficiency and
may help to develop better methods of treatment.

Objectives. Nowadays, venous diseases are a very common clinical phenomenon. Venous insufficiency
is thought to be one of the most common vein diseases. The exact mechanisms of its etiology are still
unknown, although from a clinical point of view some risk factors include gender, age, changing hormone
levels, heredity, and standing or sitting for long periods. An imbalance in trace elements could also play
a crudial role in the development and/or progression of venous insufficiency.

Material and methods. The trace element content in varicose vein walls and in normal vein walls was
measured using an inductively coupled plasma-optical emission spectrometer (I(CP-OES) after sample miner-
alization. Statistical analysis (the Mann-Whitney U test and the Friedman ANOVA) was performed to compare
insufficient veins to controls (healthy veins).

Results. This study found statistically significant higher magnesium (Mg) ion levels in varicose veins com-
pared to controls (p=0.0067) and differences close to statistical significance in calcium (Ca), manganese (Mn),
and silicon (Si) ion levels.

Conclusions. The results obtained could indicate oxidative stress occurring in chronic venous insufficiency
as well as free radical neutralization pathways due to superoxide dismutase (SOD) activity with Mg, Mn and
copper (Cu) ion involvement. Qur results are consistent with literature data and are preliminary in nature.

Key words: trace elements, venous insufficiency, venous pathology
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Introduction

Venous disease with concomitant varicose veins is pres-
ently a very common clinical phenomenon consisting
of the destruction of vein valves, backward blood flow
(venous reflux) and dilated veins.! This in turn, may lead
to serious complications, such as thrombosis, skin changes
and leg ulcers. There are many genetic, hormonal and en-
vironmental factors affecting the development of varicose
veins. The exact mechanism of their formation has not
been identified. The main destructive factor is venous
hypertension, which may lead to the remodeling of vein
walls and vein valves.?3 It is thought that long-term high
pressure in veins may activate matrix metalloproteinases
(MMPs), initiate coagulation and complement cascades,
and activate platelets, leukocytes and macrophages as
well.124 Matrix metalloproteinases destroy the extracel-
lular matrix, affect smooth muscle cells, and change the
properties of the endothelium layer. These processes tend
to reduce the flexibility of vein walls. Activated leukocytes
escape via damaged endothelium outside the capillaries,
starting inflammatory processes. Then, proteins like fi-
brinogen build a cuff around the capillaries, interfering
with the gas exchange between the blood and the extra-
cellular environment, which then leads to further damage
of vein walls.2

The role of trace elements in vein pathology is not yet fully
understood, but it is known that they play a significant role
in tissue metabolism. Many studies suggest that iron (Fe)
could be important in the development of venous diseases,
but the cause of these iron deposits in the legs of patients
with venous diseases is not yet known.® It has been suggest-
ed that this process is connected with activated MMPs or
free radicals.”~7 There is also a hypothesis that iron is not
a direct cause of venous abnormalities, but only a factor
which intensifies the autoimmune response.® Zinc (Zn),
manganese (Mn) and copper (Cu) ions are associated with
an active center of superoxide dismutase (SOD) and par-
ticipation in free radical neutralization.”"!! It is thought
that reactive oxygen species (ROS) play a significant role
in the development of the endothelial dysfunctions which
are connected with venous diseases, such as varicose veins
and venous ulcers.!?>"* Zinc, Cu and Fe ions also partici-
pate in free oxygen radical formation and may be involved
in damage leading to chronic venous insufficiency.”!® Zinc
is an important trace element for the immune system.'¢'
In in vitro tests, high levels of Zn led to cell apoptosis.
Most of the zinc (90%) in the human body is contained
in the muscles and bones.!® Copper is also an important
trace element for human health — the body needs Cu in the
appropriate amount, but excessive amounts are confirmed
to have toxic properties.'®!° Copper deficiency causes many
abnormalities, e.g., problems with the absorption of iron
leading to cellular iron deficiency, disorders of the immune
system and weakness of the walls of the blood vessels.”202!
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Copper is needed as a structural component or catalyst
by many proteins.” One of the important copper-contain-
ing proteins relevant to the construction of the blood ves-
sels is lysyl oxidase. It is responsible for stiffness and elas-
ticity as a result of the fact that it allows bonding between
collagen and elastin.”?2 Manganese is needed for the proper
functioning and metabolism of cells.? However, in vivo
and in vitro studies showed the toxic properties of Mn
in high doses, especially for the central nervous system and
PC12 cells (used as an in vitro model of neuronal cells).?3-2

Age-related changes were previously reported in the
arteries and veins.?® The magnesium (Mg) content in the
veins increases with aging, which may play a role in the
development of vein wall diseases.?”” Magnesium Mg?*
ions are known as an enzyme cofactor.?® Signaling path-
ways, ATPase activity, and the channel and metabolic
regulation of the cell cycle are all dependent on Mg?*
content. Magnesium deficiency is connected with the
occurrence of many disorders, such as osteoporosis, hy-
pertension, heart arrhythmia, impaired glucose tolerance,
and serum cholesterol.??-3! A reduced level of magnesium
also increases oxidative stress and can reduce erythrocyte
SOD concentrations.?°

Calcium (Ca) is involved in many metabolic processes.
It occurs in the human body mainly in the bones and teeth
in the form of calcium hydroxyapatite. Accumulated cal-
cium in the bones constitutes a reserve for the function-
ing of the body.32 Calcium ions are used to carry cellular
signals and as transporters across cell membranes.3%34
They also regulate intracellular mechanisms by binding
to proteins. The cellular level of Ca?* is precisely regu-
lated — a significant increase in the calcium level can lead
to apoptotic changes.3* Metabolic processes involving Ca
ions are critical for the functioning of the vessels, muscles,
nerves, and the endocrine system.??

Silicon (Si) is an important element in the biology of all
living organisms — small amounts of this element are es-
sential for their proper functioning.3>3° It plays an impor-
tant role in the connective tissue (bone, cartilage, skin, and
blood vessels).?”38 It is believed that Si is associated with
the content of collagen and glycosaminoglycans in the con-
nective tissue matrix.*3° Changes in the Silevel of patho-
logical tissues have been observed (e.g., in atherosclerotic
tissue).?® In vitro studies suggest that Si could have neu-
roprotective or neurotoxic properties (depending on the
concentration).*!

In our study, we determined the content of trace ele-
ments — Cu, Fe, Mn, Mg, Zn, Ca, and Si — found in hu-
man veins affected by chronic venous insufficiency and
compared this data with the levels of the same trace el-
ements found in healthy, sufficient human veins. It was
confirmed that the concentrations of elements in tissue
are often correlated with each other.*? For this reason, the
opportunity to check the correlation of various trace ele-
ments in healthy and pathological veins was taken.
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Material and methods

This study was conducted over a span of 2 years, between
2013 and 2014, at the Wroclaw Medical University and the
Institute of Low Temperature and Structure Research,
Polish Academy of Sciences. It was performed in compli-
ance with the ethical principles of the Declaration of Hel-
sinki and Good Clinical Practice. Legal representatives
read, signed and dated the form before taking part in any
study activity. Consent from the Bioethical Commission
of Wroclaw Medical University was granted for the study
(No. KB-87/2013).

Reagents and solutions

EMSURE® ACS grade reagents, i.e., concentrated HNO;
(65%), HCI (36%) and H,0, (30%) solutions were purchased
from Merck Millipore (Merck KGaA, Darmstadt, Ger-
many). Aqua regia was freshly prepared by mixing con-
centrated HCI and HNOj solutions at a 3:1 volume ratio.
Deionized water from an EASYpure™ water purification
system (Barnstead Thermolyne Corp., Dubuque, USA)
was used throughout. A Certipur® multi-element stock
(1000 pug/mL) ICP standard solution IV (Merck KGaA) was
used for preparing simple and matrix-matching standard
solutions for the calibration of the inductively coupled plas-
ma-optical emission spectrometry (ICP-OES) instrument.

Samples and their preparation

An inorganic solution, made directly from human veins,
was fabricated using microwave-assisted wet digestion,
whereby the disinfected human veins were combined with
HNO; and H,0 as well as NH,OH, for pH control. First
of all, the received disinfected human veins were subjected
to thermal treatment using an electric furnace at a tem-
perature of 550°C for 1 h. Following typical preparation pro-
cedures for a final product containing all microelements, the
inorganic powder was first dissolved in an excess of HNO;
in order to create an inorganic solution. This inorganic so-
lution was then transferred into a teflon vessel and placed
in a microwave reactor. After 60 min of microwave-stimu-
lated hydrothermal processing at 200°C, and under an au-
togenous pressure of 45 atm, the pH of the dispersion was
then adjusted to approx. 7 with the addition of NH,OH.
The resulting composition of the prepared solutions was
then determined by inductively coupled plasma-optical
emission spectrometry (ICP-OES).

Apparatus

A bench-top optical emission spectrometer, model 720
(Agilent, Santa Clara, USA), with an axially viewed Ar-
ICP and a 5-channel peristaltic pump, was used to mea-
sure the concentrations of Cu, Mn, Fe, Mg, Zn, Ca, and
Si (trace elements). The instrument was equipped with

697

a high-resolution echelle-type polychromator and a Vis-
taChip II CCD detector (Agilent) cooled down to —35°C
on a triple-stage Peltier device. The plasma was sustained
in a standard 1-piece, low-flow, extended quartz torch with
a2.4 mm inside diameter injector tube. A single-pass glass
cyclonic spray chamber and a OneNeb pneumatic concen-
tric nebulizer made of a high-tech PFA and PEEK poly-
mers were used to introduce the sample solutions by pneu-
matic nebulization. Operating conditions recommended
by the manufacturer for solutions containing high levels
of dissolved solids were applied: an RF power of 1200 W,
a plasma gas flow rate of 15.0 L min~!, an auxiliary gas flow
rate of 1.5 L min~!, a nebulizer gas flow rate of 0.75 L min~},
a sample flow rate of 0.75 mL min~}, a stabilization delay
of 15 s, a sample uptake delay of 30 s, a rinse time of 10s,
a replicate read time of 1 s, and 3 replicates. A fitted back-
ground mode with 7 points per line profile was applied for
the background correction. Background-corrected intensi-
ties of analytical lines were used for calibration graphs.

Characteristic of groups

In this study, 2 different groups of patients were enrolled.
One group of 11 patients (study group) was referred for surgery
due to symptomatic vein insufficiency in 1 or both legs ac-
cording to Clinical, Etiological, Anatomical, and Pathophysi-
ological (CEAP) classification C2S, Ep, As, or Pr. The other
group, consisting of 14 patients (control group), underwent
cardiac coronary bypass grafting due to symptomatic arterial
coronary insufficiency. The proximal and distal segments
of the great saphenous vein were obtained from patients via
a striping procedure (study group), while the patients with
healthy veins (control group) underwent elective coronary
artery bypass grafting, whereby excess vein was obtained
from the proximal and distal vein segments. Patients were
matched for age, sex and major risk factors (data not shown).
Vessel segments were harvested using a non-touch technique
before surgical distension or rapid removal. The segments
were immediately transferred to physiological saline solution
and stored in a refrigerator at a temperature of —20°C.

Statistical analysis

The results were statistically analyzed using the STATIS-
TICA v. 12 software (StatSoft, Tulsa, USA). The Shapiro-
Wilk test showed no normal distribution in the samples.
The Mann-Whitney U test, Spearman’s rank order cor-
relation (R), Friedman ANOVA, and Kendall’s coefficient
of concordance were applied.

Results

Differences in the levels of elemental ions in insufficient
veins compared to control samples were observed and
analyzed in each group (the Friedman ANOVA) (Fig. 1).
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Fig. 1. Distribution of trace elements in: a) the group of insufficient veins, Friedman ANOVA (N = 11, df = 6) p = 0.000, Kendall's coefficient of concordance:
p =0.970; and b) the group of normal, healthy veins (control group), Friedman ANOVA (N = 14, df = 6) p = 0.00000, Kendall's coefficient of concordance: p=0.925

C% — mean % mass concentration; SD — standard deviation.

Table 1. Spearman’s rank order correlation (R) in the study group of insufficient veins

Trace
element
013 ~001
& 100 (6=073) (p=099)
013 048
Mn (p=073) 100 (p=013)
001 048
a (p=099) (p=013) 10
- 005 046 036
(p=0.88) (p=0.15) (p=0.27)
" 016 065 033
9 (p=0.65) (p=0.03)* (p=032)
s 0.10 071 037
(p=078) (p=0.01)* (p=0.26)
. ~010 075 015
(p=078) (p =0.008) (p=067)

005 016
(p=089) (b= 065) 1Y Sl
046 065 071 075
(6=015) (p=003)* (o= 001)* (b= 0008)*
036 033 037 015
(p=0.27) (p=032) (p=0.26) (p=067)
100 093 093 045
: (6=000004* | (p=000004" (p=017)
093 100 098 059
(b = 0.00004)* : (b = 8.4E-08)* (p=005)
093 098 - 061
(p=000004% | (p=B84E-08)" : (o =004)*
045 059 061 100
(p=0.17) (p=0.05) (p =0.04)* ’

* statistically significant values (p < 0.05).

Statistically significant differences (the Mann-Whitney
U test) compared to controls were observed (Fig. 2). A sta-
tistically significant difference (p = 0.007) in the Mg ion
level in varicose veins compared to controls was noted
(Fig. 2e). Differences in Mn (p = 0.067), Ca (p = 0.085) and
Si (p = 0.075) levels were close to the margin of statistical
significance (Fig. 2b, 2f, 2g). The concentrations of mi-
croelements in the studied human veins are presented as
mean % mass concentration (C%) of trace elements in the
mineral part of tissue samples.

A statistically significant (p > 0.05), positive and strong
correlation (Spearman’s rank order correlation) between
the levels of some trace elements were observed for the
study group (Table 1) and control group (Table 2). In the
investigated group, correlations between the Ca and Mn
ion levels (R = 0.71; p = 0.01), and the Ca and Zn levels
(R = 0.93; p = 0.00004) were observed. In the control
group, a correlation between these pairs was also observed

(R=0.58; p=0.03 and R = 0.88; p = 0.00003, respectively),
with a common correlation for both groups being noted.

Discussion

Similar research has already been done, but there is very
little literature available for comparison. The pioneer study
of ferrous content in veins was performed by Krzysciak etal.®
One of the mechanisms involved in chronic venous dis-
ease is the destructive effect of free oxygen and free ni-
trogen radicals. The authors showed that Fe ions were in-
volved in the oxidative damage mechanism which caused
tissue altering via the Fenton reaction. Oxidative stress
correlated with insufficiency in the venous tissue, and
increased SOD activity was observed compared to nor-
mal venous tissue.!” An increased level of iron in the skin
of patients with chronic venous disease was described
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Fig. 2. Levels of ions, presented as mean % mass concentration (C%) of trace elements in the mineral part of tissue samples in insufficient veins compared

to healthy veins (Mann-Whitney U test): a) Cu ions (p = 0.723); b) Mn ions (p = 0.067); ¢) Fe ions (p = 0.529); d) Zn ions (p = 0.848); ) Mg ions (p = 0.007);
f) Caions (p = 0.085); and g) Siions (p = 0.075)

SE - standard error; SD - standard deviation.
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Table 2. Spearman’s rank order correlation (R) in the control group (c) of normal veins

Trace
element
0.32 -0.006
cuc 100 (p=027) (p=098)
0.32 0.16
Mne (p=027) 10 (p =056
-0.006 0.16
Fec (0=098) (p=056) 100
7nc 0.74 0.54 040
(p =0.002)* (p = 0.05)* (p=0.16)
0.13 0.08 0.90
Mg ¢ v
(p = 0.65) (p=079) (p = 0.00001)
0.59 0.58 0.33
Cac
(p=0.02)* (p=0.03)* (p=0.25)
Sic 0.29 0.23 0.16
(p=031) (p=042) (p=0.59)

0.74 0.13 0.59 0.29
(p=0.002)* (p=0.65) (p=0.02)% (p=0.31)
0.54 0.08 0.58 0.23
(p=0.05)* (p=078) (p=0.03)* (p=1042)
040 0.90 0.33 0.16
(p=0.16) (p =0.00001)* (p=0.25) (p=0.59)
100 046 0.88 0.61

: (p=0.09) (p = 0.00003)* (o = 0.02)*
046 100 0.26 0.18
(p=0.09) ' (p=0.36) (p=0.54)
0.88 0.26 100 0.50
(p = 0.00003)* (p=0.36) : (p=0.07)
0.61 0.18 0.50 100
(p=0.02)% (p=10.54) (p=0.07) '

* statistically significant values (p < 0.05).

by Myers in 1966.*3 Degradation of hemoglobin, as well
as Fe release, was associated with erythrocyte dysfunc-
tion. Moosavi et al. showed increased concentrations
of iron and copper in the walls of varicose veins com-
pared to controls, using a proton-induced X-ray emission
(PIXE) analysis.**

Determining the content of trace elements in tissues
is still a subject of research, though environmental con-
tamination due to metal ions and the bioaccumulation
ratio needs to be assessed as well.*>*¢ The level of trace
elements in tissue is a reflection of the general health and
metabolic status of the individual.*” The level of metal ions
significantly depends on the type and location of the tissue
being measured. Determining the level of trace elements
may have a diagnostic application in such tissues as brain
and blood serum.”48

The level of SOD, oxidative DNA damage, and increased
levels of iron, copper and zinc ions were also observed.?”3°
SOD functions as a free radical scavenger. In oxidative
stress conditions, increased antioxidant activity must be
correlated with increased levels of enzymatic cofactors like
Zn, Mn and Cu ions.*®

The analysis of our results shows the differences between
normal and insufficient veins. The Cu, Zn, Mn, and Ca
ion levels had higher maximum values and slightly higher
mean values compared to normal. Increased levels of these
ions were observed in chronic venous insufficiency (CVI).
Moreover, the Mn and Ca ion levels were close to being
statistically significantly different from the control. These
results are consistent with the literature and suggest a role
of an SOD-, Cu-, Mn-, and Zn-dependent enzyme in CVI.
Even though only a few articles dealing with a similar sub-
ject were found, the results obtained in this study were
consistent with the data in the existing literature.®®

The iron ion levels were the highest detected, but the
difference between altered and normal veins was not sta-
tistically significant.

The reduction of vein wall elasticity is one of the symp-
toms of venous insufficiency, which, in our opinion, could
be associated with a decreased level of silicon, considering
the role of this trace element in fiber synthesis. Our study
shows decreased levels of Si in insufficient veins. These
levels were considerably lower, as predicted, and the results
were close to statistically significant. To our knowledge, at
present, there are no other reports in the literature about
the Si levels in similar research.

We found that the magnesium ion levels were higher
in varicose veins compared to the control (p = 0.0067). This
result may suggest that magnesium ions play an important
role in the mechanism which occurs during venous insuf-
ficiency, and very probably in vein wall structures as well.

Differences in the correlation patterns of trace elements
between normal and varicose veins may suggest homeo-
static destabilization associated with vein disease. In ad-
dition, they could also suggest a significant role of trace
elements in chronic venous disease.

The current study is only a preliminary one. There
is a need to perform further research, with an increased
size of the study and control groups. Future studies are
planned to assess the impact of gender on the levels of trace
elements in a larger group.

Conclusions

This paper shows the levels of certain ions in insufficient
and normal veins, particularly the differences between the
concentrations of Mg, Mn, Ca, and Si. This study is pre-
liminary in nature, but the data obtained suggests that
the oxidative damage mechanism is involved in the devel-
opment of varicose veins and chronic venous insufficiency.
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Introduction

Infantile hemangiomas (IH) are the most common child-
hood soft tissue tumors — they affect about 10% of infants,
including 20-30% of premature babies.!~* The pathogenesis
of hemangiomas remains unclear.2~> The 3 most common
theories, which do not exclude each other, are: a hypoxia
theory, a theory about the small-vessel embolization by cells
from the placenta, and a theory of angiogenesis and vas-
culogenesis increase by the activity of vascular endothelial
growth factor (VEGF) and basic fibroblast growth factor
(bFGF).? The unique feature of IH is its natural develop-
ment, which includes a phase of intensive growth (prolifera-
tion) lasting up to 18 months, and a phase of slow disap-
pearance (involution).> Unfortunately, both the beginning
of the involution phase and its duration are unpredictable.
Only in 40% of children the disappearance of the hem-
angioma leaves no trace or minimal residue, resulting
in a good cosmetic effect. Most often, [H disappears, leav-
ing telangiectasias, scars, excess skin, or the so-called fatty
fibrous residue.>® Lesions of the periocular region or face,
extensive in size, affecting inner organs or threatening life
function, are particularly problematic. There is a high com-
plication rate if no treatment is applied.> As most of them
are classified as inoperable, alternative treatment options
have been sought. In 2008, Léauté-Labreze et al. introduced
propranolol (B-blocker) as an alternative treatment option
for IH.” Since then, propranolol has successfully become the
treatment of choice.®® However, the mechanism of action
of propranolol on IH is still not well understood.

According to Storch and Hoeger, the drug has 3 mecha-
nisms of action that affect the lesion.* The early effects
(lightening of the IH and reduction of tension), seen in the
first 3 days of treatment, are attributed to vasoconstriction
as a result of reduced nitric oxide release. The intermedi-
ate effect is the inhibition of vascular tumor growth, most
likely associated with a blockade of proangiogenic growth
factors, such as VEGF, bFGF or metalloproteinase-2/9.
The regression of the lesion classified as the long-term ef-
fect is caused by apoptosis of the proliferating endothelial
cells.

The aim of the study was to assess serum concentrations
of VEGF and bFGF in the course of propranolol therapy
of IH in children as an attempt to assess their practical role
as a biochemical marker of successful treatment.

Material and methods

The analysis included a group of 51 infants with IH,
diagnosed and treated between 2011 and 2014.

The criteria for inclusion in the research project were IHs
that had to be: nonoperative, extensive in size, ulcerative,
resulting in an impairment of important vital functions,
causing a significant cosmetic defect, or with lesions af-
fecting internal organs.

L. Babiak-Choroszczak, et al. VEGF and bFGF in propranolol for hemangiomas

The Bioethics Committee of the Pomeranian Medical
University in Szczecin, Poland, approved the study proto-
col, and reviewed and approved the consent forms. Written
informed consent was obtained from the legal guardians
of all of the study participants and recorded in the patient
files.

Methods

After history taking of the occurrence and growth of the
IH and coexistence of risk factors for IH, clinical inter-
ventions were applied before, during and at the follow-up
(1.5 months) after treatment, including:

— clinical examination with assessment of location, size,
color and consistency, assessment in terms of Heman-
gioma Activity Score (HAS) (Table 1), and ophthalmic
examination performed in lesions of the periocular
region’;

— photographic documentation;

— doppler US assessing the size and blood flow in the le-
sion with a ranking system applied: initial size of the
IH ranked as 2, reduction during treatment which was
less than 50% ranked as 1.5, reduction greater than 50%
ranked as 1, and complete involution ranked as 0; the in-
tensity of the blood flow was defined as increased (++),
moderate (+) or absent (-);

— serum concentrations of VEGF and bFGF before starting
the treatment, at 6™ month of treatment and 1.5 months
after treatment, carried out using the immunoenzyme
method (ELISA);

— cardiological examination with electrocardiography,
echocardiography and basic laboratory tests; blood

Table 1. Hemangioma Activity Score (HAS)'

The assessed feature of the infantile hemangioma (IH) Points
Deep swelling:
tense IH (6) 4
“neutral” [H at t = 0 or less than 50% reduction at follow up 6
>50% reduction at follow-up 5
no more swelling at follow-up 0
Bright red/shining red IH 5
Bright red edge 4
Matt red/reddish-purple IH/matt red edge 3
Blue IH or blue shining through in deep IH 2
Grey IH 1
Skin coloured after activity 0
Total score
Number of items scored
Preliminary HAS = total score/number of items scored
Ulcer score
ulcer <1 cm? 0.5
ulcer 1-25 cm? 1
ulcer =25 cm? 2
HAS = preliminary HAS + ulcer score

IH — infantile hemangioma.
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morphology, ionogram, serum glucose, aspartate amino-

transferase (AST), and alanine aminotransferase (ALT)

were performed for the safety of the therapy;
— oral propranolol introduced in 2 divided doses (at 8 AM
and 8 PM), according to the following protocol:

« 1%t day: 0.5 mg/kg/day;

« 27 day: 1 mg/kg/day;

« 3 day: 1.5 mg/kg/day;

« 4" day: 2.0 mg/kg/day.

Treatment was introduced in hospital conditions for
4-5 days with monitoring of vital functions, including
blood glucose levels, and then continued in outpatient
settings.

Statistical analysis

All continuous variables were checked for the normality
of the distributions by Kolmogorov-Smirnov test. These
variables are described by means, medians, standard devia-
tions (SD), quartiles, as well as minimum and maximum
values. The statistical differences between the 2 groups
were tested by Student’s t-test and Mann-Whitney U test.
Multiple variances (ANOVA), covariance (ANCOVA) or
Kruskal-Wallis test were used for multiple groups. Vari-
ables in the same patient were tested with the Wilcoxon test
or the t-test of dependent variables. Discrete variables were
described by the amount and frequency. The Pearson’s x>
test was used to study the statistical relationships between
discrete variables. For the study of the correlation between
discontinuous and orderly variables (coded variables: 0/1),
the Spearman’s rank correlation coefficient was applied.

The results are described by the correlation coefficient
(r) and the probability value (p). The statistically signifi-
cant differences in all the tests performed were those with
a probability value of p < 0.05. Significance level with
p-value between 0.051 and 0.099 was designated as a trend
at the limit of statistical significance.

Statistical analysis was carried out using Stata 11 statisti-
cal program (StataCorp LLC, College Station, USA; license
No. 30110532736).
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Results

The study group included 51 children, 36 (71%) girls and
15 (29%) boys. The age of patients at the time of introduc-
tion of propranolol ranged from 7 weeks to 21.8 months
(mean 5.8 months). In the study, 39 (75%) children — the
largest group of patients — were 7 weeks to 6 months old
(mean 3.6 months). In all cases, the evolutionary history
was characteristic for [H. The burden of risk factors includ-
ed: prematurity of birth, low birth weight (<2500 g in 17.6%
of children) and children born from twin pregnancies
(3 children, 5.8%). Obstetric risk factors were reported
by 5 mothers (9.8%); other reported factors were (number
of cases in brackets): invasive prenatal examination (1),
cigarette smoking (2), alcohol use (1), and taking pharma-
ceuticals during pregnancy (28). There was a family history
of IH in 11 children (21.5%).

The hemangiomas were isolated in 39 (76.5%) pa-
tients, while in the remaining 12 (23.5%) cases multifo-
cal lesions were found. A total number of 79 IHs were
present in 51 patients. More than half of the patients
had a lesion of the head. The localizations included (num-
ber of lesions in brackets): upper eyelid (9), lower eye-
lid (3), parotid gland (4), nose (7), upper and lower lip (7),
otherhead areas (8), crotcharea (7), upper limb (8), lowerlimb (5),
trunk (17), neck (1), oral cavity (2), and liver (1). Twelve chil-
dren (23.5%) had lesions complicated with ulceration.

The lesions that were less than 0.5 x 0.5 cm in size or
affected internal organs (liver) were excluded from evalu-
ation in HAS. Before the treatment, HAS ranged from
3 to 6.5 points. The clinical improvement was expressed
as a percentage; it presented the difference between the
evaluation moment and pretreatment measurement. Sig-
nificant clinical improvement (from 80% to 99%) corre-
sponded with almost complete disappearance of IH, with
only slight skin discoloration, telangiectasia or excess skin.
The result of 100% was an equivalent of a total disappear-
ance of the hemangioma (Fig. 1). All children showed
clinical improvement with a statistically significant reduc-
tion in HAS (Fig. 2). The best results were present at the

Fig. 1. Patient with hemangioma
of the left upper eyelid causing
severe ptosis

A - 2-month old child

at admission (HAS: 4.3);

B — after 12 months of propranolol
treatment (HAS: 0);

HAS - Hemangioma

Activity Score.
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moment of the decision of graduate cessation of therapy.
In 32 (63%) patients disappearance of IH (80-100%) was
observed, including a complete involution in 16 patients
(32%). Only in 1 case the therapeutic effect was assessed
below 50% (33%). Forty-six patients were present at a fol-
low-up 1.5 months after treatment, where the average
change was 80.6%. A complete involution was recorded
in 28 children (60.9%). In 12 (26.1%) children, there was
a slight recurrence.

The best therapeutic effect was achieved in the group
of infants who started treatment in early infancy. In this

80%

90% 100%

group (7 weeks to 6 months of age) the final therapeutic
effect of a complete involution was present in 69% of chil-
dren. In the group aged 6—12 months, the analogous per-
centage was 56%. Among children who started treatment
at 1 year of age, only 25% of patients had a complete effect.
The most spectacular effect, the highest change measured
in HAS, was observed in the first month of therapy (19.2%).
A gradual decrease was present in later months.

At baseline, hypertensive vascular flow was observed
in Doppler US in 47 (92.2%) cases, the remaining 4 (7.8%)
were moderate. Changes in vascular flows in subsequent
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studies are shown in Fig. 3. There was a statistically sig-
nificant decrease in vascular flow in the IH, as compared
to baseline p = 0.00001 and p = 0.00688 — before vs 1 month
of treatment. A negative correlation was observed between
the decrease in vascular flow and the length of therapy
(r=-0.53; p=0.00001). The highest correlation coefficient
(r = -0.76) was obtained between the study of the flow
at the time of withdrawal of therapy and the study prior
to initiation of the therapy. Significant reductions in the
size of IH measured in Doppler US (at 0 to 2, correspond-
ing to their percentage change from the baseline) were
observed during therapy (p < 0.015). At the end of treat-
ment, the change in the size of the lesion (slight increase)
was not statistically significant (p = 0.8385). The highest
percentage of lack of vascular flow (69%) was observed
in the youngest group of patients (Fig. 4).

Values of VEGF and bFGF were evaluated in 47 chil-
dren. Values of serum VEGF levels before starting the
treatment ranged from 40.862 pg/mL to 1151.928 pg/mL,
after 6 months of treatment — from 33.589 pg/mL
to 1093.84 pg/mL, after treatment ended — from 24.73 pg/mL
to 722.074 pg/mL. There was a statistically significant de-
crease in mean VEGF concentration during and after treat-
ment compared to pretreatment values (p < 0.05). There
was a slight decrease in VEGF concentrations during and
after treatment (p = 0.11923). Mean values of VEGF did
not correlate with number of lesions, location of IH, age
of the patients, or dose of propranolol.

The serum bFGF levels before starting the treatment
ranged from 0 pg/mL to 30.125 pg/mL, after 6 months
of treatment — from 0 pg/mL to 40.92 pg/mL, at the end
of treatment — from 1.409 pg/mL to 25.472 pg/mL. It was
found that the mean pretreatment bFGF values differed
significantly from the treatment and follow-up values
(p = 0.0152 and p = 0.0139, respectively). No statistically
significant change in bFGF values was observed during
and after treatment, with a slight increase in follow-up
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after treatment (p = 0.1322). Mean values of bFGF did
not correlate with the number of lesions or their location.
At the border of statistical significance, lower values
of bFGF were obtained in pediatric patients receiving the
highest doses (1.86—2 mg/kg/day) of the drug during treat-
ment (p = 0.0558). Furthermore, it was found that mean
bFGF values were dependent on patient age both before
and during treatment (p = 0.007 and p = 0.0001, respec-
tively). The bFGF values were higher in the oldest group
of children (18-21 months).

There was a statistically significant correlation between
the outcome of the treatment and the changes in bFGF val-
ues during and after treatment. In the case of lack of flow
in the Doppler US after treatment, a significant decrease
in bFGF value was observed (p = 0.0206). In contrast,
an increase in bFGF was noted in the case of persistently
high blood flow in the post-treatment (p = 0.0121) study
(p-value was calculated with control of doses and age).
There was no correlation between changes in VEGF
values during and after treatment and vascular flows
in Doppler US.

The target therapeutic dose was 2 mg/kg/day in 2 divided
doses. In 6 children, the therapy was started at a lower dose
(1.3-1.6 mg/kg/day) due to younger age, low body weight
and low serum glucose levels, and problems with normal-
ization of the pulse during propranolol introduction. In 5
of these children, the dose was increased to the target dose
after 1 month without any side effects.

Six children treated with full-dose therapy required
a reduction in the therapeutic dose to 0.9-1.6 mg/kg/day
due to adverse events (frequent cough and vomiting, sleep
disorders, frequent respiratory infections, symptomatic
hypoglycemia, reflux, and suspected asthma).

On average, the full dose was applied for 8.7 months and
the total treatment time regarding the gradual withdrawal
of the drug was 12 months. The drug was discontinued
within 1.5-3 months, with gradual reduction of the dose.

Age at the introduction

1-6 months
of propranolol

6-12 months 18-21 months

‘13%
18% l

Doppler US flow of the
hemangioma

m absent

moderate = increased

11% 75%

= absent moderate ® increased = absent moderate ® increased

Fig. 4. Relation between age of the child at introduction of propranolol and Doppler US examination at the time of decision of gradual withdrawal

of treatment
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Discussion

In 2007, Chang et al. and Kleinman et al. published
studies on the effect of tissue hypoxia on the development
of TH.1%1 According to those studies, hypoxia increases
the expression of hypoxia-inducible factor 1-alpha (HIF-
1-alpha), which increases vascular endothelial growth factor
A (VEGF-A) production by the non-oxidized endothelial
cells. Both hypoxia and stromal cell-derived factor 1-alpha
(SDF-1 alpha) increase the differentiation and proliferation
of endothelial progenitor cells, leading to the development
of hemangioma.!*! Hypoxia is probably the strongest factor
inducing angiogenesis and the formation of hemangioma.
Multiple pregnancy, alcohol consumption, nicotinism, drug
use during pregnancy, shortening of the pregnancy, low
birth weight, and consequently poor general condition of the
newborn are risk factors for IH and may be associated with
increased tissue hypoxia.2

Elevated estrogens in the mother increase the risk of IH
in a child.!? Estrogens stimulate endothelial cell division
and increase the concentration of, i.a., metalloproteinase
9 and VEGEF, as well as bFGF and nitric oxide (NO), di-
rectly and indirectly, and affect endothelial cell migration
and angiogenesis.'? In the literature, the incidence of IH
is higher in females, which is consistent with the domi-
nance of girls in our study group.!

During proliferation, cells that build hemangioma
(multipotent stem cells — CD133*, pericytes — SMA®,
dendritic cells, mesenchymal cells, and immature en-
dothelial cells — CD31*) behave as if they were in the
embryonic stage, multiplying much faster than the
cells of the remaining tissues. Their intensive prolifera-
tion is linked to the activity of VEGF and bFGF. Prote-
ases (collagenase type IV and urokinase) and adhesion
molecules play role in the proliferation as well.23513.14
Hu et al. demonstrated elevated serum VEGF levels in chil-
dren with IH in the proliferative phase.!> However, other
authors have reported increased bFGF in both heman-
gioma tissue and urine in the proliferation phase, and
normalization in the involuting phase.'*16:7

Research into the mechanism of action of proprano-
lol on early hemangiomas is still ongoing. The clinical
implications of finding a prognostic marker may include
determining effective dosage and optimal age for treat-
ment initiation and completion. Takahashi et al. analyzed
9 factors that can have an influence on angiogenesis.'*
The study material consisted of biopsies at different stages
of development (proliferation or involution). The research
focused on the proangiogenic or antiangiogenic properties
of the individual factors, and, consequently, determin-
ing their effect on the growth or disappearance of the IH.
The presence of VEGF, type IV collagenase and proliferat-
ing cell nuclear antigen (PCNA) was only observed in the
period of intense proliferation of choroidal lesions, whereas
tissue metalloproteinase inhibitor (TIMP) was recorded
only in the angiogenesis phase. The presence of bFGF was
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found both in the proliferative phase and in the involut-
ing phase, without observing its presence after complete
disappearance.!* These observations allowed the authors
to assume that the selected factors may have a prognostic
significance in determining the growth phase or involu-
tion. However, the invasive character of the surgical biopsy
of lesions limits the use of this method.

Zhang et al. analyzed serum VEGF concentrations both
in the proliferative phase and in the involuting phase.!®
The results were compared with the values in healthy chil-
dren. The authors demonstrated significantly higher VEGF
values in patients with IH during the period of intensive
proliferation compared to the values in healthy children.
A similar dependence was observed by other authors, al-
though they found remarkably low levels of this factor
in the material taken directly from the hemangioma, both
in the proliferative phase and in the involution.'*?°

The proangiogenic properties of VEGE, as well as the ef-
fect of glucocorticoids on angiogenesis and vasculogenesis,
have been reported in animal models.?! After the implanta-
tion of stem cells producing vascular endothelial growth fac-
tor A (VEGF-A) in mice and simultaneous administration
of dexamethasone, other researchers observed a decrease
in VEGF value and symptoms of atrophic decompression.
These authors measured the angiogenic factors solely from
angiogenic lesions.?! It is, therefore, possible that VEGF is re-
sponsible for the proliferation process. In the same way,
the mechanism of action of propranolol can be explained.
Multipotent stem cells from the hemangioma have vascular
endothelial growth factor receptor 1 (VEGFR-1) receptors
specific for VEGF-A. Linking them with VEGF-A protein
induces the differentiation of these cells into vascular endo-
thelial cells and subsequent vascular formation.?? Accord-
ing to Zhang et al., propranolol reduces VEGF expression
in stem cells derived from hemangioma, which inhibits
angiogenesis.”> The amount of VEGF produced by these
cells decreases with the propranolol dose and is markedly
reduced even at very low drug concentrations.

Our results confirm the correlation between high levels
of VEGF and the phase of intensive proliferation. VEGF
levels were also assessed in the study group during the pro-
liferative phase, during which the possibility of correlation
of VEGF values and patients’ age was also analyzed. There
was no statistically significant association between VEGF
values and patient age. VEGF values in the course of treat-
ment were significantly lower, which may indicate the ef-
ficacy of propranolol therapy. The observed lower VEGF
values during the first 6 months and after treatment dif-
fered significantly from the values found before treatment.
Similar results were obtained by Chinese researchers.?*2>

The importance of bFGF in the proliferation and sup-
pression of apoptosis of cells in the period of involution
are to be emphasized. High concentrations are reported
in the urine of patients with hemangiomas, whereas the
decrease in urinary values is observed during treatment
with interferon alpha 2.172¢ Therefore, the decrease of this
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factor should have a beneficial effect on the disappearance
of the hemangioma. Przewratil et al. did not find a statisti-
cally significant difference in serum bFGF values in chil-
dren with hemangiomas in the proliferative phase compared
to the involuting phase.’® In addition, no difference was
observed between healthy children compared to children
with a vascular malformation. Subsequent studies by the
same author showed statistically significant lower values
of serum bFGF in the proliferative phase (median bFGF val-
ues of 19.445 pg/mL) as compared to children with I[H in the
involuting phase (32.034 pg/mL). In addition, the author
noted higher values of bFGF in the blood taken directly from
hemangiomas than in the peripheral blood of the patients.?’

In our study, low concentrations of bFGF were noted
(mean 9.59 pg/mL). There was also a statistically signifi-
cant decrease in the value of this factor during the treat-
ment (mean 6.45 pg/mL). Evaluation of bEGF values before
and after the treatment showed a statistically significant
difference and may indicate the efficacy of propranolol
in the treatment of early hemangiomas. In addition, bFGF
level was found to be related to the age of the child — it was
higher in older children. This relationship was not ob-
served by other authors.?” The observed correlation be-
tween the decrease in bFGF concentrations after treatment
and the disappearance of vascular flow in Doppler US has
little prognostic value as it relates to changes that occurred
after treatment was completed.

Although IHs undergo a natural involution, the generally
accepted principle of “wait and see” is not always benefi-
cial. Finn et al. divided the hemangiomas into those that
involute by the age of 6, and those whose disappearance
lasted much longer.® The early introduction of propranolol
suppresses the stage of intense angiogenesis, reducing the
possibility of cosmetic defects. However, in the absence
of a full therapeutic effect, surgery or laser therapy is nec-
essary. As a rule, it is considered that about 30% of hem-
angiomas disappear by 3 years of age and 50% by 5 years
of age.> According to Rajewska et al., only 17% of patients
not treated and only monitored for 14.5 months showed
the complete disappearance of the hemangioma.?® In the
presented study group, there was a 3-fold increase in the
rate of complete disappearance in 8.7 months of treatment,
both in the clinical assessment and Doppler US. This in-
dicates the important contribution of propranolol to the
hastened process of involution.

Visible assessment of involution of IH does not always
correspond with Doppler US of the lesion. Monitoring
effects of propranolol should include both methods, es-
pecially at the time of the decision to cease therapy.

Propranolol is usually introduced in hospital settings,
although there are reports of safe procedures in outpa-
tient settings.?? The therapeutic dose should be in the
range of 1-3 mg/kg/day, in 3 or 2 divided doses.>*32In the
study group, the treatment was started in the hospital for
4-5 days, starting from 0.5 mg/kg/day of propranolol until
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a maximum dose of 2 mg/kg/day in 2 divided doses, with
final high effectiveness of such protocol.

The best efficacy of therapy is observed in children who
started it before 1 year of age.3® However, Zvulunov et al.
have reported good results of treatment introduced after
1 year of age.?® Our observations indicate that early initiation
of therapy, even before the 6" month of life, results in a faster
disappearance of IH, which is evident in both physical exami-
nation and Doppler US. However, all patients who received
treatment after 1 year of age experienced significant clinical
improvement, but no complete involution was observed.

The effect of propranolol is usually rapid, often seen
in the early days of therapy.”3*-3¢ Visible changes between
the 1%t and the 3 day of therapy are explained with va-
sospasms following the reduction of nitric oxide release.*
In the study group, a change of color or reduction of ten-
sion in the 1°* week of treatment was observed in 70%
of patients, while at the end of the 1°* month it was noted
in over 90% of children.

Probably, the observed lack of IH growth is an effect of the
inhibition of bFGF and VEGF by acting on [3-adrenergic re-
ceptors. An increase in the size of the hemangiomas during
the treatment in 2 of our patients, confirmed by increased
vascular perfusion in the Doppler US, could be caused
by a decreased dose.

Complete involution is observed at different times from
the introduction of the treatment. The treatment should
last 6—8 months, but may be extended to 1-2 years.”#3435
The treatment should be continued until the end of the
proliferative phase, to a minimum of 1 year of age, and
in periocular hemangiomas until the defect (astigmatism)
is corrected.>>3”38 Too early or rapid withdrawal may re-
sult in recurrence.??¢ In the study group, the mean dura-
tion of the treatment with the full therapeutic dose was
8.7 months. The best results were obtained by comparing
the status between the beginning of the drug withdrawal
and the pretreatment condition (r = —-0.76). The duration
of therapy was prolonged by gradual withdrawal, lasting
1-3 months, to minimize the recurrence risk and maintain
a good therapeutic effect. Storch and Hoeger explain the
absence of the recurrence by capillary vascular endothelial
cell apoptosis induced by non-selective -blockers.* Kum
and Khan have shown that only vascular endothelial cells
undergo apoptosis, while stem cells — derived from arteries
that are precursors of angiogenesis cells — do not.?* This
may explain recurrence after the treatment, seen in about
20% of children.??

The limitations of this study include a small number
of patients and lack of a control group. Nowadays, with the
well-documented beneficial effects of propranolol therapy
in IH, it would be impossible, from an ethical point of view,
to construct a methodology that would include a control
group of children with IH not receiving any treatment.
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Conclusions

VEGF and bFGF values decrease during propranolol

treatment of IH, which may indicate the effect of pro-
pranolol on the change in both. However, the results of
the statistical tests show a low prognostic value of VEGF
and bFGF as possible biochemical markers for monitoring
the treatment. Clinical evaluation combined with Doppler
US is the most valuable method of monitoring the therapy.

References

1.

Janmohamed SR, de Waard-van der Spek FB, Madern GC, et al. Scor-
ing the proliferative activity of haemangioma of infancy: The Hae-
mangioma Activity Score (HAS). Clin Exp Dermatol. 2011;36(7):
715-723.

. Janmohamed SR, Madern GC, de Laat PCJ, et al. Educational paper:

Pathogenesis of infantile haemangioma, an update 2014 (part I). Eur
J Pediatr. 2015;174:97-103.

. Lechanska J. Naczyniaki niemowlece - od etiologii do postepowa-

nia terapeutycznego. DoveMed website. http://www.dovemed.
pl/uploads/sfMediaBrowser//porady/naczyniaki-niemowl-ce.pdf.
Accessed October 22, 2017.

. Storch CH, Hoeger PH. Propranolol for infantile haemangiomas:

Insights into the molecular mechanisms of action. Br J Dermatol.
2010;163(2):269-274.

. Wyrzykowski D, Bukowski M, Jaskiewicz J. Guzy naczyniowe i wro-

dzone malformacje naczyniowe [in Polish]. Cancer Surg. 2009;1(1):
1-17. http://cancersurgery.pl/pdf/200901a02.pdf. Accessed Octo-
ber 22, 2017.

. Finn MC, Glowacki J, Mulliken JB. Congenital vascular lesions: Clin-

ical application of a new classification. J Pediatr Surg. 1983;18(6):
894-900.

. Léauté-Labreze C, Dumas de la Roque E, Hubiche T, et al. Propranolol

for severe hemangiomas of infancy. N EnglJ Med. 2008;358(24):2649—
2651.

. Janmohamed SR, Madern GC, de Laat PC, et al. Educational paper:

Therapy of infantile haemangioma - history and current state (part ll).
Eur J Pediatr. 2015;174:259-266.

. Drolet BA, Frommelt PC, Chamlin SL, et al. Initiation and use of pro-

pranolol for infantile hemangioma: Report of a consensus confer-
ence. Pediatrics. 2013;131(1):128-140.

. Chang E, Chang E, Thangarajah H, et al. Hypoxia, hormones, and

endothelial progenitor cells in hemangioma. Lymphat Res Biol.
2007;5(4): 237-243.

. Kleinman M, Greives M, Churgin S, et al. Hypoxia-induced media-

tors of stem/progenitor cell trafficking are increased in children with
hemangioma. Arterioscler Thromb Vasc Biol. 2007;27:2664-2670.

. Zhi-Yong S, Li Y, Cheng-Gang Y, et al. Possibilities and potential roles

of estrogen in the pathogenesis of proliferation hemangiomas for-
mation. Med Hypotheses. 2008;71:286-292.

. Frieden 1J, Haggstrom AN, Drolet BA. Infantile hemangiomas: Cur-

rent knowledge, future directions. Proceedings of a research work-
shop on infantile hemangiomas. April 7-9, 2005, Bethesda, Mary-
land, USA. Pediatr Dermatol. 2005;22(5):383-406.

. Takahashi K, Mulliken J, Kozakewich H, et al. Cellular markers that dis-

tinguish the phases of hemangioma during infancy and childhood.
J Clin Invest. 1994;93:2357-2364.

. HuQ,LinX, Shang Q, et al. The determination and significance of VEGF

in the serum of hemangioma patients. Arch Neurol. 2003;60:1613-1618.

. Bielenberg DR, Bucana CD, Sanchez R, et al. Progressive growth of

infantile cutaneous hemangiomas is directly correlated with hyper-
plasia and angiogenesis of adjacent epidermis and inversely corre-
lated with expression of the endogenous angiogenesis inhibitor,
IFN-beta. Int J Oncol. 1999;14:401-408.

Marler JJ, Fishman SJ, Kilroy SM, et al. Increased of urinary matrix
metalloproteinases parallels the extent and activity of vascular
anomalies. Pediatrics. 2005;116(1):38-45.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

3.

32.

33.

34.

35.

36.

37.

38.

39.

L. Babiak-Choroszczak, et al. VEGF and bFGF in propranolol for hemangiomas

. Zhang L, Lin X, Wang W, et al. Circulating level of vascular growth

factor in differentiating hemangioma from vascular malformation
patients. Plast Reconstr Surg. 2005;116(1):200-205.

. Przewratil P, Sitkiewicz A, Wyka K, et al. Serum levels of vascular endo-

thelial growth factor and basic fibroblastic growth factor in children
with hemangiomas and vascular malformations — preliminary report.
Pediatr Dermatol. 2009;26(4):399-404.

Przewratil P, Sitkiewicz A, Andrzejewska E. Local serum levels of vas-
cular endothelial growth factor in infantile hemangioma: Intriguing
mechanism of endothelial growth. Cytokine. 2010;49(2):141-147.
Greenberger S, Boscolo E, Adini |, et al. Corticosteroid suppression
of VEGF-A in infantile hemangioma-derived stem cells. N Engl J Med.
2010;362:1005-1013.

Kum JJ, Khan ZA. Mechanisms of propranolol action in infantile hem-
angioma. Dermatoendocrinol. 2015;6(1):e979699.

Zhang L, Mai HM, Zheng J, et al. Propranolol inhibits angiogenesis via
down-regulating the expression of vascular endothelial growth fac-
tor in hemangioma-derived stem cell. Int J Clin Exp Pathol. 2013;7(1):
48-55.

Chen XD, Ma G, Huang JI, et al. Serum-level changes of vascular endo-
thelial growth factor in children with infantile hemangioma after oral
propranolol therapy. Pediatr Dermatol. 2013;30(5):549-553.

Yuan WL, Jin ZL, Wei JJ, et al. Propranolol given orally for proliferating
infantile haemangiomas: Analysis of efficacy and serological chang-
es in vascular endothelial growth factor and endothelial nitric oxide
synthase in 35 patients. BrJ Oral Maxillofac Surg. 2013;51(7):656-661.
Chang E, Boyd A, Nelson CC, et al. Successful treatment of infantile
hemangiomas with interferon-alpha 2b. J Pediatr Hematol Oncol.
1997;19:237-244.

Przewratil P, Sitkiewicz A, Andrzejewska E. Serum levels of basic fibro-
blastic growth factor (bFGF) in children with vascular anomalies:
Anotherinsightinto endothelial growth. Clin Biochem.2010;43(10-11):
863-867.

Rajewska J, Gawrych E, Fischer K, et al. Estimation of vascular endo-
thelial growth factor and placental growth factor serum levels in
infant with hemangioma and population of healthy infants. Ann
Acad Med Stetin. 2012;58:5-10.

Haider KM, Plager DA, Neely DE, Eikenberry J, Haggstrom A. Outpa-
tient treatment of periocular infantile hemangiomas with oral pro-
pranolol. JAAPOS. 2010;14(3):251-256.

Hoeger PH, Harper JI, Baselga E, et al. Treatment of infantile haeman-
giomas: Recommendations of a European expert group. EurJ Pediatr.
2015;174(7):855-865.

Léauté-Labreze Ch, Hoeger P, Mazereeuw-Hautier J, et al. Arandom-
ized, controlled trial of oral propranolol in infantile hemangioma.
N Engl J Med. 2015;372(8):735-746.

Andrzejewska E, Bacewicz L, Bagtaj M, et al. Zastosowanie propra-
nololu w leczeniu naczyniakéw krwionosnych wczesnodzieciecych
- program wieloosrodkowej oceny skutecznosci. Stand Med Probl
Chir Dziec. 2011;1:19-22.

Zvulunov A, McCuaig C, Frieden 1J, et al. Oral propranolol therapy
for infantile hemangiomas beyond the proliferation phase: A mul-
ticenter retrospective study. Pediatr Dermatol. 2011;28(2):94-98.
Snir M, Reich U, Siegel R, et al. Refractive and structural changes
ininfantile periocular capillary haemangioma treated with propran-
olol. Eye (Lond). 2011;25(12):1627-1634.

Thoumazet F, Léauté-Labreze C, Colin J, et al. Efficacy of systemic
propranolol for severe infantile haemangioma of the orbit and eye-
lid: A case study of eight patients. BrJ Ophthalmol. 2012;96:370-374.
Claerhout I, Buijsrogge M, Delbeke P, et al. The use of propranolol
in the treatment of periocular infantile haemangiomas: A review.
BrJ Ophthalmol. 2011;95(9):1199-1202.

Fabian ID, Ben-Zion |, Samuel C, et al. Reduction in astigmatism using
propranolol as first-line therapy for periocular capillary hemangio-
ma. Am J Ophthalmol. 2011;151(1):53-58.

Babiak-Choroszczak L, Gizewska-Kacprzak K, Puchalska-Niedbat L,
et al. Propranolol as an effective treatment for inoperable periocu-
lar haemangiomas in children. Pomeranian J Life Sci. 2016;62:16-20.
Kum JJ, Khan ZA. Propranolol inhibits growth of hemangioma-ini-
tiating cells but does not induce apoptosis. Pediatr Res. 2014;75(3):
381-388.



Reviews

Assessment of quality of life in patients with laryngeal cancer:

A review of articles

Mateusz Kolator*, Patrycja Kolator*~f, Tomasz Zatoniski*-f

Department and Clinic of Otolaryngology Head and Neck Surgery, Jan Mikulicz-Radecki University Teaching Hospital, Wroctaw, Poland

A — research concept and design; B — collection and/or assembly of data; C — data analysis and interpretation;
D — writing the article; E — critical revision of the article; F — final approval of the article

Advances in Clinical and Experimental Medicine, ISSN 1899-5276 (print), ISSN 2451-2680 (online) Adv Clin Exp Med. 2018;27(5):711-715

Address for correspondence
Mateusz Kolator
E-mail: mateusz.kolator@gmail.com

Funding sources
None declared

Conflict of interest
None declared

Received on November 26, 2016
Reviewed on January 22, 2017
Accepted on March 22, 2017

DOI
10.17219/acem/69693

Copyright

© 2018 by Wroclaw Medical University

Thisis an article distributed under the terms of the
Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Abstract

This article presents a review of the medical literature published hetween 1994 and 2014 with the use
of the PubMed database concerning quality-of-life instruments for head and neck cancer patients used
to assess general well-being of patients with laryngeal cancer. The PubMed database was searched for articles
containing the keywords “quality of life”, “laryngeal neoplasm” and “questionnaires”. The resulting articles
were reviewed and analyzed. After the identification of questionnaires, an additional search was performed.
The articles and questionnaires were described and analyzed. In 43 articles, the authors used questionnaires
specific to the head and neck regions in order to assess the quality of life in patients with laryngeal cancer.
Four different questionnaires were identified. The European Organization for Research and Treatment of Cancer
(EORTC) questionnaire is most commonly used to assess the quality of life in patients with laryngeal cancer.
Questionnaires are generally used in order to select from a range of different treatment methods. There are
afew head and neck cancer-related quality-of-life instruments which are widely used to assess the quality
of life in patients with laryngeal cancer, but they are not dedicated to that region of the body. Today, there
is much more attention paid to the quality of life; therefore, there is a real need to develop specific scales
for different types of cancer.

Key words: literature review, health-related quality of life, quality of life questionnaire, head and neck
neoplasms, laryngeal neoplasm
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Introduction

The group of neoplasms called head and neck cancers
(HNC) — mainly because of their location — is the 10" most
common group of cancers worldwide. They mostly begin
in the squamous cells in mucosal organs in the head and
neck area, such as the oral cavity, the pharynx, the larynx,
the paranasal sinuses, the nasal cavity, and the salivary
glands. Laryngeal cancer is the most commonly occurring
neoplasm in this group. Symptoms may include a lump
or sore that does not heal, a sore throat, difficulty in swal-
lowing, and hoarseness in the voice. People who use to-
bacco, drink alcohol, or are exposed to the human papil-
loma virus are at risk of developing the disease. Treatment
of laryngeal cancer because of its radical and traumatic
type in every stage of the disease or therapy, i.e surgery,
radiotherapy and chemotherapy, can have an effect on the
quality of life even a few years later.!?

Quality of life (QoL) is described as the quality of an in-
dividual’s daily life. It is an evaluation of a person’s well-
being or lack thereof. This consists of the emotional, so-
cial, and physical aspects of a person’s life. In healthcare,
QoL is an assessment of how different aspects of an indi-
vidual’s life can be affected by a disease or a disability. Over
the years, the concept of health-related QoL has evolved
to encompass all aspects that can be proven to affect one’s
physical or mental health. Measuring QoL can deliver
an enormous amount of information which has great value
in modifying treatments, selecting drugs, avoiding side
effects, and preventing disease.?

The aim of this study was to review the specific instru-
ments used to assess the QoL in patients with laryngeal
cancer.

Description of current knowledge

Numerous international organizations have undertaken
to create instruments which would be able to accurately
assess an individual’s health-related QoL. There is a wide
range of factors which need to be covered by this kind
of questionnaire. The various tools for measuring QoL
can be divided into 2 groups: general and specific. General
scales assess QoL without recording the impact of the dis-
ease in particular, i.e., regardless of the pathologies. Spe-
cific scales are focused on a group of diseases, a single
disease, factor, or even symptom.*

In this study, the PubMed database was searched us-
ing the MeSH keywords “quality of life”, “laryngeal
neoplasms” and “questionnaires” for articles published
from 1990 to 2015. In total, 119 articles were found.
Articles in any language other than English were not
considered. Evaluation of the title and abstract excluded
76 studies, leaving 43 eligible for review. In the second
search, the database was searched for properties and vali-
dations of these instruments.

M. Kolator, P. Kolator, T. Zatoniski. QoL in patients with laryngeal cancer

Four different QoL questionnaires were identified.
All questionnaires were specific to head and neck on-
cology, but were used for patients with laryngeal cancer.
Some publications have reported the use of the Euro-
pean Organization for Research and Treatment of Can-
cer (EORTC) QLQ-C30 and H&N modules, the Uni-
versity of Washington Quality of Life Questionnaire
(UW-QOL v4), the Functional Assessment of Cancer Ther-
apy for patients with head and neck cancer (FACT-H&N),
and the University of Michigan Head and Neck specific
Quality of Life Instrument (HNQoL). The most widely
used questionnaire is the EORTC QLQ-H&N module, fol-
lowed by the UW-QOL (Table 1).

Table 1. Usage of head and neck scales

Questionnaire QiEyEE
(No./%)

European Organization for Research and Treatment 20/6744
of Cancer (EORTC QLQ-H&N)
University of Washington Quality of Life Questionnaire
(UW-QLO v4) 10/23.25
Functional Assessment of Cancer Therapy for head and 3/6.97
neck cancer (FACT-H&N) '
University of Michigan Head and Neck specific Quality 1233
of Life Instrument (HNQoL) :

There are a few studies where a specific region of the lar-
ynx (like the glottis or the hypolarynx) was assessed, but
there are many more where the whole larynx as a region
was taken into consideration. The authors mostly use
these instruments to compare different methods of treat-
ment. There are also a few studies where the authors have
assessed voice quality, mental disorders, dysphagia, or sex-
ual functioning (Table 2).>~%7

Quiality of life assessment tools

In 1994, Bjordal et al. developed the European Organiza-
tion for Research and Treatment of Cancer questionnaire
module to assess QoL in HNC patients. That module was
specifically designed to be used before, during and after ra-
diotherapy or surgery. The preliminary questionnaire was
tested in patients from more than 5 European countries.
The result was a questionnaire consisting of 37 items con-
cerning disease- and treatment-related symptoms, social
functioning and sexual functioning.*® Hammerlid et al.
showed that the QLQ-C30 questionnaire was well received
by patients and that the results seemed to be sensitive
to changes during the one-year study. Symptoms like dif-
ficulty swallowing, hoarse voice, sore mouth, dry mouth,
and problems with the sense of taste showed the greatest
variability in HNC patients.*’ The reliability and valid-
ity of the EORTC head and neck cancer module (QLQ-
H&N35) and v. 3.0 of the EORTC Core Questionnaire
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Table 2. Purposes and regions for which questionnaires were used

Authors

Zheng et al.
Kucuk et al.
Vilaseca et al.
Laoufi et al.

Risberg-Berlin et al.
Robertson et al.

Filipovska-Musanovic et al.
Kanatas et al.
Gilbert et al.
Mallis et al.
Hamid et al.
Azevedo et al.
Johansson et al.
Danker et al.
Guibert et al.
Bajaj et al.
Robertson et al.
Varghese et al.
Maclean et al.
Singer et al.
Singer et al.
Johansson et al.
Minovi et al.
Boscolo-Rizzo et al.
Bindewald et al.
Singer et al.
Ringash et al.
Bahannan et al.
Mowry et al.
Scalet et al.
Derks et al.
Loughran etal.
Sewnaik et al.
Ringash et al.
Derks et al.
Muller et al.
Paleri et al.
Zottiet al.
Stoeckli et al.
Ringash et al.
Allal et al.
Deleyiannis et al.

Hammerlid et al.

Questionnaire

EORTC
EORTC
UW-QLQ v4
EORTC
EORTC

UW-QLQ v4

EORTC
UW-QLQ v4
EORTC
EORTC
EORTC
UW-QLQ v4
EORTC
EORTC
EORTC
UW-QLQ v4
UW-QLQ v4
EORTC
UW-QLQ v4
EORTC
EORTC
EORTC
EORTC
EORTC
EORTC
EORTC
FACT-H&N
EORTC
UW-QLQ v4
EORTC
EORTC
UW-QLQ v4
EORTC
FACT-H&N
EORTC
EORTC
HNQoL
EORTC
EORTC
FACT-H&N
EORTC
UW-QLQ v4
EORTC

supraglottic
larynx
larynx
glottis

larynx
larynx

larynx/hypolarynx

oral/oropharyngeal/laryngeal

larynx
larynx
larynx
larynx/hypolarynx
larynx

larynx

hypopharyngeal/laryngeal

glottis
larynx
larynx
larynx
larynx
larynx
larynx
larynx
larynx
larynx
larynx
larynx
glottis
larynx/oropharynx
larynx
larynx
glottis
larynx
larynx
larynx
larynx
larynx
larynx
larynx
larynx
larynx/hypopharynx
larynx

larynx

Purpose of use

swallowing assessment
comparison of treatment methods
comparison of treatment methods
voice quality assessment
rehabilitation results assessment

quality of life dependence on the stage
of tumor after treatment

comparison of treatment methods
quality of life assessment process
comparison of treatment methods
comparison of treatment methods
comparison of treatment methods
voice quality
mental adjustment to cancer
alcohol consumption assessment
different treatment methods
voice quality assessment
voice quality assessment
voice quality, rehabilitation results assessment
dysphagia assessment
sexual functioning assessment
quality of life assessment process
communication problems assessment
comparison of treatment methods
comparison of treatment methods
comparison of treatment methods
mental disorders assessment
quality of life assessment process
comparison of treatment methods
comparison of treatment methods
mental disorders assessment
mental disorders assessment
different treatment methods
different treatment methods
quality of life assessment process
comparison of treatment methods
comparison of treatment methods
comparison of treatment methods
comparison of treatment methods
comparison of treatment methods
comparison of treatment methods
comparison of treatment methods
quality of life assessment process

comparison of treatment methods

EORTC - European Organization for Research and Treatment of Cancer; UW-QLQ v4 — University of Washington Quality of Life Questionnaire;
FACT-H&N - Functional Assessment of Cancer Therapy for head and neck cancer; HNQol — Head and Neck specific Quality of Life Instrument.
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(QLQ-C30) were confirmed in studies of large groups
of patients from many different countries with HNC in dif-
ferent stages of treatment. The EORTC QLQ-C30 and head
and neck module (QLQ-H&N35) demonstrates reliability
and sensitivity to different groups of patients and types
of treatment.>%%!

The University of Washington Quality of Life Scale (UW-
QOL) was first published in 1993, and since then it has
been developed to its current stage. It consists of 12 do-
mains: pain, appearance, activity, recreation, swallowing,
chewing, speech, shoulder, taste, saliva, mood, and anxiety;
each of these are followed by an importance rating scale
over the past 7 days. The third part of the questionnaire
consists of 3 questions: 1 asking how patients are feeling
in comparison to the month before they developed cancer,
1 question about QoL related to health and 1 about their
overall QoL.>?

The Functional Assessment of Cancer Therapy for Head
and Neck Cancer Scale (FACT-H&N) is one of many scales
developed by the Functional Assessment of Chronic Illness
Therapy (FACIT) measurement system. This question-
naire is specific to the head and neck region and consists
of 5 domains; 4 of them are rather general, including
“physical wellbeing”, “social/family wellbeing”, “emotional
wellbeing”, and “functional wellbeing”, while the last do-
main is known as “additional concerns” — it strictly regards
symptoms connected to the disease. The validity and reli-
ability of this scale have also been confirmed.>

The University of Michigan Head and Neck-Specific
Quality of Life Instrument includes 20 items scored
ona 5-point rating scale: 0 — not atall, 1 — slightly, 2 — mod-
erately, 3 — alot, and 4 — extremely. Items are grouped into
4 domains: eating and swallowing, communication, head
and neck pain, and emotional wellbeing. It also has addi-
tional optional questions A—G which are useful for deeper
insight into the patient’s health and their attitudes towards
the treatment.>*

Conclusions

Nowadays, there is a large variability in the QoL assess-
ment tools specific to HNC which have been translated and
validated in many different countries and languages. How-
ever, among these, there are not many which are specific
to patients with laryngeal cancer. Because of its location
and functional importance, the larynx plays a critical role
in the maintenance of such cardinal physiological func-
tions as phonation, the regulation of respiratory airflow,
airway protection, and swallowing. Both the laryngeal can-
cer itself and the impact of its treatment can affect laryn-
geal functions. QoL should be taken into account in the se-
lection of treatment. It affords the possibility of choosing
the treatment which has not only had the best results
in clinical trials, but has also had the best effect on QoL
in patients after treatment. All of the scales are similar:
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they concern many of the same domains, but are grouped
differently. The European Organization for Research and
Treatment of Cancer Quality of Life Questionnaire and
the University of Washington Quality of Life Question-
naire are the most commonly used ones in the assessment
of patients with laryngeal cancer, but they are not strictly
specific to that neoplasm. The QLQ-C30 module in con-
nection with QLQ-H&N35 seem to cover most of the im-
portant aspects, but the disadvantages of this questionnaire
are the large number of questions (65), the time needed
to complete the questionnaire, and the complicated scor-
ing algorithm. The UW-QOL is commonly used because
of its simplicity, which makes it useful for patients. This
questionnaire consists of 12 domains, but QoL in each
domain is calculated on the basis of only 1 question, one
which might not exactly describe the person’s feelings.
The FACT-H&N is only divided into functional scales,
and though it includes questions about symptoms, it is im-
possible to compare QoL based on symptomatic scales.
The University of Michigan Head and Neck Instrument,
in turn, is calculated into only 1 simple result, which does
not allow QoL comparison across different domains. None
of the instruments described above seem to be sensitive
or specific enough to cover all the changes in the larynx’s
functioning caused by cancer and the impact of differ-
ent types of treatment. This is confirmed by the fact
that the literature describes the use of different question-
naires focused on specific symptoms, such as voice-related
QoL or swallowing-related QoL, as a supplement to head
and neck cancer questionnaires.

Standardization in QoL assessment and the ability
to choose 1 or 2 widely used and well-known questionnaires
would more readily facilitate the comparison of results from
different studies in research centers around the world.
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Abstract

Mesenchymal stromal cells (MSCs) are an excellent and easily accessible source of precursor cells that have
applications in regenerative medicine. They can be obtained from almost any tissue; however, bone marrow,
Wharton's jelly and adipose tissue are the most frequently used sources of MSCs. Increased interest in using
MSCsin medical procedures has resulted in a pressing need to identify the genetic elements that can indicate
the presence and the characteristics of MSCs. Genomic profiling enables the identification and characteriza-
tion of MSCs as well as finding biomarkers and key molecules involved in all processes occurring in the cell.
This knowledge is essential for developing a stem cell approach for tissue engineering and can improve
the development of new clinical applications of MSCs. This review is an attempt to give an overview of key
genetic markers indicating the main directions of MSC differentiation. The expression of these genes provides
information about the direction and progress of differentiation and about interactions with the surrounding
environment as well as specific molecular pathways that MSCs are involved in.

Key words: gene expression, mesenchymal stem cells, regenerative medicine, genetic markers
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Introduction

Mesenchymal stem cells (MSCs) are multipotent progeni-
tor cells that are capable of differentiating into osteogenic,
chondrogenic, and adipogenic lineages at least (Fig. 1).! It has
been noted that MSCs may demonstrate plasticity beyond
their traditional mesodermal lineage and that under specific
conditions they can differentiate into neural cells, cardio-
myocytes, pancreatic islet beta-cells, and hepatocytes.?™
According to the definition of the International Society
for Cellular Therapy (ISCT), MSCs are plastic-adherent
cells, expressing a panel of surface markers while lacking
expression of hematopoietic-related antigens.! Their phe-
notype is characterized by a synthesis of surface markers:
CD73%, CD90%, CD105%, CD457, CD34~, CD14~ or CD11b,
and CD79a" or CD19~. Knowledge of these surface markers
is crucial for their identification, characteristics and isola-
tion by sorting.® Initially, MSCs were identified in mice bone
marrow aspirates, the spleen and the thymus, but further
studies have revealed the presence of MSCs in most organs
of the adult body as well as in cord blood, Wharton’s jelly,
the perivascular area, and under the amniotic membrane
of the umbilical cord, the placenta, and the amniotic fluid.®”
However, the only MSCs with a practical application are
cord blood MSCs, Wharton’s jelly MSCs (W]-MSCs), bone
marrow stromal cells (BM-MSCs) and adipose-derived stro-
mal cells (ASCs). In particular, a number of studies have
reported that the isolation of stromal cells from adipose
tissue is endowed with a high proliferative capacity and
differentiation potential; ASCs are also easily isolated from
lipoaspirate.®

Mesenchymal stromal cells are an easily accessible
source of precursor cells that can find applications in re-
generative medicine, improving myocardial function, ther-
apies of Crohn’s disease, and neurodegenerative disorders.’
Adipose-derived stromal cells are also used for adipose
tissue regeneration in patients following breast cancer
surgery,'? the acceleration of skin wound healing, regen-
erative treatment of widespread traumatic calvarial bones
defects, the repair of tracheomediastinal fistulas caused
by cancer ablation, the treatment of chronic ulcers caused
by radiation therapy and controlling graft-versus-host dis-
ease (GVHD), and the treatment of osteoarthritis (OA).>1°

[
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Fig. 1. Scheme of genes activated during MSCs differentiation into
adipogenic, osteogenic, and chondrogenic lineages

A. Zofociniska. Marker genes during MSCs differentiation

The main function of MSCs is considered to be gen-
erating connective tissue and forming the stromal cells
for bone marrow. Recent studies also revealed that MSCs
are able to modulate the functions of the immune system.
Taking into account the growing interest in using MSCs
in medical procedures, there is a pressing need to iden-
tify the genetic elements that can indicate the presence
of MSCs and their differentiation into various tissues.
Numerous studies have examined the genomic profiles
of MSCs, identifying potential biomarkers and key mol-
ecules that regulate biological processes involved in cell
growth, development and survival. The knowledge gained
from these studies may help in the development of strate-
gies of improving the tissue regeneration potential of MSCs
for various clinical applications.!!

There are several methods that enable the detection
of the directions of MSCs differentiation. The simplest
method is staining differentiated cells using specific dyes.
Mesenchymal stromal cells differentiated into osteogen-
ic lineage can be detected by alizarin red staining, which
detects the formation of extracellular matrix calcification.
A differentiation toward an adipocyte phenotype can be as-
sessed by Oil Red O staining in order to visualize the presence
oflipid droplets. The acquisition of a chondrogenic phenotype
can be evaluated with the use of alcian blue. Staining, how-
ever, is not reliable enough to be the only method that deter-
mines the directions of differentiation: it has to be confirmed
by more specific techniques like real-time polymerase chain
reaction (RT-PCR), immunocytochemistry, or the compari-
son of miRNA expression profiles.!2 Immunocytochemistry
is the most common method of detecting MSCs in the ex-
amined tissue, because it enables an analysis of the presence
and location of any antigens in the cell and the identification
of particular cell types by combining the fluorophore-labeled
antibody with a suitable surface antigen. This method, how-
ever, has some disadvantages, such as the possibility of false
positive or negative results as well as non-specific fluores-
cence. Besides, direct immunocytochemical methods have
a poor sensitivity and a high cost, while in turn, an indirect
method procedure is very complex and long; they also have
higher risk of non-specific binding of secondary antibody
resulting in background staining.!3

Very precise methods include the comparative genome-
wide gene expression profile analysis and microRNA ex-
pression profiling. It is known that these small non-coding
RNA molecules’ occurrence is specific to cell type and
that they modulate gene expression and/or protein syn-
thesis, but little is known about their global expression
profiles in mesenchymal stromal cells. Therefore, mRNA
expression data, when combined with genome-wide gene
expression profiles, can provide a great deal of information
about transcriptional networks and differentiation processes
in MSCs."* RNA-seq, using NGS (next generation sequenc-
ing) to indicate the presence and quantity of RNA as well
as cDNA microarrays, are other very accurate methods
of assessing the gene expression level; however, they are
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expensive and their results require difficult data analysis.
In comparison to these methods, real-time PCR seems to be
the most appropriate way to define the differentiating poten-
tial of MSCs through measuring the expression of marker
genes specific for particular tissue.

Quantitative assessment
of the expression of marker genes

Real-time PCR technology enables the determination
of the cell differentiation stage by gene expression monitor-
ing, which allows us to detect an active differentiation mech-
anism very early, depending on the chosen marker genes.
Quantitative real-time PCR is a high-throughput, sensitive
and fast method that can measure the increase in DNA copy
numbers in real time.!® For the detection of the number
of cDNA copies in tested samples, researchers use molecules
that emit light after binding to double-stranded DNA, e.g.,
SYBR Green or ethidium bromide. However, using primers
and SYBR Green dye may result in binding non-specific
sequences, which gives false results because SYBR Green
emits light when bound to any double-stranded DNA.

A more specific and reliable method involves the use
of fluorescent probes, e.g., TagMan™ probes, which are
labeled with 2 different fluorescent dyes: a reporter dye
at the 5" and a quenching dye at the 3. In order to gen-
erate light emission, the reporter dye molecule must be
separated from the quencher dye molecule. Primers and
probes sequences are available in multiple publications;
they can also be designed using specialized software, based
on sequences in the National Center for Biotechnology
Information (NCBI) or the Ensembl database. Real-time
PCRis an integral method, widely used in molecular diag-
nostics. This technique is extremely sensitive and allows
for simultaneous expression analysis of several samples.
In addition, the results generated by the software and
obtained from different experiments can be combined
and compared with each other. However, this technique
has some disadvantages, as the accuracy of the results
depends largely on the probes and endogenous control
used. The choice of a proper internal control gene is es-
sential for obtaining reliable results, because a critical
factor for creating reliable data in relative quantification
is the normalization of the expression data of the genes
of interest. This selection is particularly important when
the expression differences are slight or when the samples
derive from different histological origins or stages of de-
velopment. Reference genes are called “house-keeping
genes” and their expression in tissue is stable, irrespec-
tive of the conditions.®

Progenitor cells undergo a series of stable identity tran-
sitions on their way to becoming fully differentiated cells
with unique identities. The gene expression profile deter-
mines the mode of cell differentiation; it is the most funda-
mental level at which a genotype gives rise to a phenotype.
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At the beginning of the gene expression, transcription
factors initiate transcription and RNA polymerase
binds to the promoter sequence in order to synthesize
pre-mRNA. Due to post-transcriptional processes, ma-
ture mRNA is formed and transported from the nucleus
to the ribosomes in a cytoplasm, where translation be-
gins and the information encoded in mRNA is translated
to an amino acid chain.

Using quantitative real-time PCR, the differentiation po-
tential of MSCs can be confirmed very early, at every step
of gene expression before the formation of protein, producing
results for several studied genes at once very fast and easily.

Differentiation marker genes

During cell differentiation, certain genes specific
to the tissue are expressed (Table 1). To determine if MSCs
differentiate into a particular tissue, a few differentiation-
related genes have to be chosen. Molecular basis and
transcription factors activated during the differentia-
tion of particular tissues of mesodermal origin have been
broadly described. While examining the differentiation
of MSCs, the expression of genes involved in the direction
of differentiation is checked. Gene expression analysis can
be performed using primers or probes for selected genes
or prepared gene expression arrays for specific biologi-
cal processes, e.g., RT? Profiler™ PCR Array, with assays
for differentiation-associated genes and assays for en-
dogenous control genes. The second option is easy and
it does not require the selection of appropriate marker
genes or the matching of endogenous controls, but the cost
is very high and 3—5 marker genes are sufficient to check
whether there is a differentiation process. Designing prim-
ers or probes, however, is associated with a risk, because
the accuracy of results depends on the quality of the used
primers or probes and the endogenous control.!”

Table 1. List of markers of MSCs differentiation into osteogenic,
adipogenic, and chondrogenic lineages

Direction of MSCs Activated
) e References
differentiation genes
COL2A1 Hamid et al *?
) ACAN de Crombrugghe et al.®
Chondrogenic comp Lin etal.3*
SOX9 Mwale et al >
PPARG Graneliet al.”®
Adipogenic CEBPA Ntambi et al.
ADIPOQ Hu et al.?!
Graneli et al."
H 23
BUNX2 Qietal )
Marom et al.®
COLIAT A )
) Mizuno et al.”®
Osteogenic ALPL ; P
Tsai et al.
IBSP .
BGLAP Fid etal.”®
Gordon et al.”®
Maes et al.?'

MSCs — mesenchymal stem cells.
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Adipogenic differentiation

Mesenchymal stromal cells differentiate in vitro at least to-
ward adipogenic, osteogenic and chondrogenic lineages when
treated with established lineage-specific factors. The selective
differentiation of these cells depends on specific environ-
mental cues, usually a combination of growth factors and
cytokines, which are supplied in vitro. In order to differentiate
MSCs toward the adipogenic lineage, cells must be cultured
in fetal bovine serum (FBS) containing Dulbecco’s modified
Eagle’s medium (DMEM), supplemented with dexametha-
sone, insulin, and isobutylmethylxanthine (IBMX) and/or in-
domethacin and thiazolidinedione (TZD).1>18

One of the most commonly used marker genes in the de-
tection of adipogenic differentiation of MSCs is PPARG (per-
oxisome proliferator-activated receptor gamma). The PPARG
gamma protein, encoded by this gene, is a transcription fac-
tor, the main switch in adipogenic differentiation of MSCs,
and has been implicated in the pathology of such diseases
as obesity, diabetes, atherosclerosis and cancer. It is report-
ed that the expression of the PPARG gene has a negative
effect on osteogenic differentiation and that its inhibition
of PPAR-y during the induction of osteogenesis leads to in-
creased osteogenic differentiation of human MSCs.! The ex-
pression of the PPAR-y gene is transcriptionally induced
within 2 days following the induction of differentiation and
lasts until day 3 to 4 at the latest. The PPAR-y expression
is mediated by the activity of C/EBP 8 and 6, which also
mediate the expression of C/EBP a — another marker gene
of adipogenic differentiation.?® C/EBP f3 and ¢ are the first
transcription factors induced after preadipocyte exposure
to a differentiation medium, as their expression starts in-
creasing a few hours after induction. Once the induction me-
dium is removed from the culture, the expression of C/EBP §
dissipates over the subsequent 48 h, whereas the decline
of C/EBP B is more gradual, with its expression approximat-
ing 0% of maximal levels by day 8. The expression of C/EBP «
increases from undetectable levels in preadipocytes to de-
tectable levels 2 days after stimulation with adipogenesis-
specific factors, and to full expression 5 days after differentia-
tion is initiated. The genes of the C/EBP family are involved
in directing the process of differentiation during adipogen-
esis and, together with PPAR-y, are required for full adipo-
cyte differentiation.?’ Therefore, the C/EBP family genes and
PPAR-y are markers of early adipogenesis. One late adipo-
genesis marker gene is ADIPOQ, whose expression is highly
specific to adipose tissue and is observed exclusively in ma-
ture fat cells as the stromal-vascular fraction of fat tissue does
not contain ADIPOQs mRNA. The expression of ADIPOQs
mRNA is a late event in adipogenesis, first appearing on ap-
prox. day 4 after the induction of differentiation.*

Osteogenic differentiation

The most promising area for MSCs application is bone re-
construction and regeneration. Osteogenesis is a complex
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process that involves the differentiation of mesenchymal
cells into pre-osteoblasts and osteoblasts, which ultimately
leads to the synthesis and deposition of bone matrix pro-
teins.?? In order to differentiate mesenchymal stromal
cells toward the osteogenic lineage, cells need to be cul-
tured in osteogenic medium, containing dexamethasone,
ascorbate-2-phosphate, [3-glycerophosphate, l-glutamine,
ascorbic acid, and/or vitamin D5.1%??

Bone formation is known to occur through the activa-
tion of molecules as the runt-related transcription factor 2
(RUNX2), type I collagen (COL1A1), alkaline phosphatase
(ALPL), integrin-binding sialoprotein (IBSP), and bone
gamma-carboxyglutamate (gla) protein (BGLAP), which
orchestrate the differentiation of MSCs into functional
osteoblasts. The most important transcription factor in os-
teogenesis is RUNX2, which plays a crucial role in the for-
mation of the mineralized skeleton during embryogenesis
and regulates the maturation of the osteoblast pheno-
type.232* It is crucial for the formation of mineralized tis-
sue and its expression is usually associated with the early
phases of osteogenic differentiation.! RUNX2 is the main
regulator of the osteogenic differentiation of MSCs and
it regulates the transcription of osteocalcin (BGLAP).
Osteocalcin is a matrix protein that regulates osteoclast ac-
tivity; it is highly specific for mineralization and is a good
marker of the osteoblastic phenotype.?>?¢ The BGLAP
gene encodes a protein associated with the mineralized
bone matrix, secreted by the calcified tissue and regulated
by vitamin Ds; it indicates the activity of osteoblasts and
it is known as a marker of late osteogenesis.

Another gene which is activated by RUNX2 is COLIAI
Collagen I is the pervading protein of the bone matrix,
and its expression and secretion is crucial to the miner-
alization process. Attachment to collagen I is mediated
through integrins that activate kinase signaling pathways,
thus supporting osteoblast cell proliferation and bone
growth.?> COL1A1 is essential for osteoblast adhesion and
bone growth.?® Furthermore, type I collagen is the main
constituent of the organic part of the extracellular matrix
(ECM).! The next most frequently used marker of osteo-
genic differentiation, alkaline phosphatase (ALP), is the ef-
fector protein responsible for the mineralization of the ex-
tracellular matrix.!* Alkaline phospatase is an early bone
marker protein and an essential enzyme for ossification.
As ALP is widely used as a marker of osteoblasts, an in-
crease in its activity should be associated with osteoblastic
differentiation. When the mineralization process is well
progressed, the ALP level increases and then decreases;
the peak of its expression falls on day 7 after induction.?”
ALP is closely related to pre-osseous cellular metabolism
and to the elaboration of calcified bone matrix.28

Integrin-binding sialoprotein (IBSP) is an acidic, non-
collagenous glycoprotein abundantly expressed in miner-
alized tissues and a major structural protein of the bone
matrix.? This protein binds to calcium and hydroxyapatite
through its acidic amino acid clusters and mediates cell
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binding through an arginylglycylaspartic acid (RGD) se-
quence, which recognizes the vitronectin receptor.*

Generally, IBSP and BGLAP are late markers of osteogene-
sis, as are osteopontin (OPN) and msh homeobox 2 (MSX?2),
whereas RUNX2, COLIAI and ALP are markers of early
osteogenesis, along with the Sp7 transcription factor (OSX)
and transforming growth factor-beta 1 (TGFBI).2>-3

Chondrogenic differentiation

Cartilage defects caused by trauma, tumor ablation
or age-related abrasion lead to constant pain and functional
limitations, causing a decreased quality of life. It is known
that even small lesions can affect the structure and func-
tion of the articular cartilage, predisposing it to the devel-
opment of osteoarthritis (OA). The reason for this is a lack
of vascularization and enervation in the articular cartilage
tissue, which inhibits repair processes like inflammation
and fibrin clot formation. Only chondrocytes and syn-
oviocytes residing in the local environment can fill up
the defects by slow proliferation and matrix deposition.3!
Troubles caused by the nature of cartilage tissue have
inspired further studies, which focus on the possibilities
of regeneration of this tissue. Mesenchymal stromal cells
are one of the most promising research areas. Chondro-
genic differentiation requires a high density cell culture
and monolayer culture reduces the ability of differentia-
tion towards chondrogenic lineage; therefore, the best so-
lution is 3-dimensional culture created using scaffolds
made of natural or synthetic materials. The chondrogenic
induction medium is enriched with glutamax (Invitrogen
Carlsbad, USA), vitamin C, insulin-transferrin-selenium-
X (ITS), insulin-like growth factor 1 (IGF-1), ascorbate-
2-phosphate, L-proline, TGF-f, and dexamethasone.*

At the beginning of chondrogenesis, MSCs aggregate
and condensate, while expressing various extracellular
matrix components, including type II collagen (COL2A1),
aggrecan core protein (ACAN), cartilage oligomeric pro-
tein (COMP), and SRY-box 9 (SOX9). After differentiating
into chondrocytes, the cells begin to produce ECM materi-
als rich in aggrecan core protein and cartilage oligomeric
protein, forming cartilage tissue.

Type II collagen is an early marker of chondrogenesis, ex-
pressing in chondroprogenitor cells and in chondrocytes®?;
the expression of the COL2A1 gene was reduced at the 2"
and 3" week of the culture.?> The SOX9 expression, however,
reached the highest level at the 3" week of culture, promot-
ing a production of cartilage matrix. This protein also ex-
presses in chondroprogenitor cells and chondrocytes, but
there is no SOX9 expression in hypertrophic chondrocytes.*?
Lin et al. confirms that the expression of COL2A 1 and SOX9
is an early and unique marker of chondrogenesis.>* Another
early marker of chondrogenesis is COMP, whose expression
reaches the highest level 1 week after chondrogenic induc-
tion.?2 In contrast, aggrecan and type X collagen are markers
of late chondrogenesis, related to chondrocyte hypertrophy.3

Al

Chondrogenesis in mesenchymal stem cells is most
prominent after 1 week of chondrogenic induction, and
longer stimulation can induce chondrocyte hypertrophy.3?

Other differentiation directions

Mesenchymal stromal cells seem to be an easily accessible
source of precursor cells that can be expanded in vitro and
used for many clinical applications. As mentioned above,
MSCs may demonstrate plasticity beyond their traditional
mesodermal lineage. Under specific conditions, they are
able to differentiate into mesodermal lineage cells (adipo-
cytes, chondrocytes, osteoblasts, tenocytes, or myocytes),
endodermal lineage cells (astrocytes or neurons) or ecto-
dermal lineage cells (hepatocytes or islet beta cells).3°
There is a need to create a panel of markers for each di-
rection of MSC differentiation. The expression of MYODI
(myogenic differentiation 1), MYF5 (myogenic factor 5)
and MYOG (myogenin) transcription factors is crucial
for myogenic differentiation and a high expression of TNC
(tenascin C), SCX (scleraxis bHLH transcription factor),
DCN (decorin), and COL1A2 (collagen type I alpha 2 chain)
genes occurs during tenogenic differentiation of MSCs.%36
During neurogenic differentiation of MSCs, there is an ex-
pression of genes related to nervous system development:
nestin, used to identify neural stem and early progenitor
cells, GEAP — a structural element of fibrillary astrocytes
— and NeuN, a neuronal nuclear antigen.? Mesenchymal
stromal cells induced to differentiate into a islet beta cell
phenotype express genes which encode hormones spe-
cific for the pancreas: ISLI (insulin), NGN3 (an early pan-
creatic progenitor marker), SST (somatostatin), and GCG
(glucagon) — a specific endocrine marker.* Differentiation
into hepatocytes results in the expression of AFP (alpha-
fetoprotein) and HNFIf (hepatocyte nuclear factor 1f).°

Reference genes

Gene expression analyses are essential to the discov-
ery and characterization of the roles for known genes and
to understanding the processes occurring in cells. Regard-
ing the study of the development of different tissues, gene
expression analyses can provide insights into complex
regulatory networks that coordinate in cells such pro-
cesses as proliferation, cell commitment, differentiation,
and apoptosis. Genes which exhibit constant expression
levels among all tissues regardless of conditions are refer-
ence genes. The perfect reference gene should have similar
expression levels regardless of experimental conditions,
mainly developmental stages, composition of cell types
and sample treatments.

The most commonly used reference genes are S-actin
and GAPDH; however, recent studies have shown
that these common reference genes are not stably expressed
under all experimental conditions. Ideally, reference genes
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should show stable expression levels in all studied cell
types and tissues, and transcription should be constant
relative to the general cellular transcription rates under
different experimental conditions.

Nonetheless, research has proven that the expression
of individual reference genes varies among samples under
different experimental conditions. Therefore, it is relevant
to select a proper reference gene for normalization, accord-
ing to experimental settings. In recent years, it has been
found that gene expression should be normalized using
at least 3 reference genes to ensure that the experiment
results are reliable.”

Summary

Tissue engineering offers potential methods of repairing
damaged tissues, and it is a rapidly growing field of regen-
erative medicine. The ability to differentiate in multiple
directions, the immunomodulation properties and the reg-
ulation of endogenous tissue repair make MSCs very at-
tractive for regenerative medicine. In recent years, the use
of adipose-derived stromal cells have particularly gained
popularity. Adipose tissue can be described as an eas-
ily available source of stromal vascular fraction (SVF),
which contains preadipocytes, endothelial progenitor cells,
T cells, B cells, mast cells, adipose tissue macrophages,
and MSCs. In 2001, Zuk et al. demonstrated that adipose-
derived stromal cells are capable of differentiating into
adipo-, chondro-, osteo-, and myogenic lineages.® A year
later, the same authors proved that ASCs express the same
surface markers as bone marrow: derived mesenchymal
stromal cells (BM-MSCs): CD29, CD44, CD71, CD90, and
CD105, lacking the expression of CD31, CD34, and CD45.%°

Real-time PCR enables the definition of the common ge-
netic profile of BM-MSCs and ASCs, and the examination
of a complex network of molecules which regulate the hom-
ing and communication of MSCs with their environment
by activating signaling pathways that play a crucial role
in maintaining their stemness properties. Saulnier et al.
identified 190 cohort modulated transcripts, which may
be molecular MSCs’ stemness signature. Among them,
there were genes involved in basic biological mechanisms
like embryogenesis, signal transduction, cell adhesion, and
inter-cellular communication.?

The biggest advantage of ASCs over BM-MSCs lies
in the collection of a much larger number of cells with
less of the risk associated with surgical procedure. Cells
derived from lipoaspirate are also a more homogenic popu-
lation than those derived from bone marrow, which makes
ASC applications more efficient than the use of BM-MSCs.
ASCs as well as BM-MSCs have already been used for cell-
based therapies, including orthopedic disorders, cardiovas-
cular diseases, graft vs host disease, and Crohn’s disease.’
The use of stem cells in medicine is growing, so there
is a need for an accurate characterization of these cells.
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Knowledge of rapid changes in gene expression during
stem cell differentiation will provide a better understand-
ing of the potential of these cells for regenerative medicine.

Numerous studies have examined genomic profiles
of MSCs collected from different tissues, which differ
in their ability to proliferate and differentiate into various
lineages. Genomic profiling enables the characterization
of MSCs and the identification of biomarkers and key mol-
ecules involved in the regulation of cell survival, growth and
development. The knowledge gained from these studies will
improve the understanding of basic processes occurring
in the stem cell and may help in the development of strate-
gies for improving the clinical applications of MSCs.?10

Comprehensive knowledge of the biological processes
involved in tissue repair is essential for developing a stem
cell approach for tissue regeneration. Understanding their
molecular regulation during the repair process is crucial
in order to achieve the desired clinical outcomes. Overall,
molecular studies on differentiating MSCs identify poten-
tial markers that can be used to isolate and purify MSCs
from heterogeneous cell populations. They also provide
data on potential genomic indicators involved in specific
differentiation pathways that can disclose information
about the stage of differentiation of the tested cells. Im-
portantly, however, the detection of differentiation-related
gene expression is insufficient for successful phenotypic
differentiation. Further experiments are required in order
to confirm the differentiation.}-16

In conclusion, gene expression analysis during MSCs
differentiation provides information regarding the direc-
tion and progress of differentiation and exhibits the acti-
vation of specific molecular pathways MSCs are involved
in as well as their interactions with the surrounding
environment.
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Introduction

Lung cancer is a leading cause of death in both men and
women worldwide.! About 1.6 million people die of lung
cancer each year and the overall 5-year survival rate is only
15%.12 Most lung cancers are detected at an advanced
stage. During or after the treatment of one cancer, the
patient may develop another one, including lung cancer.
In patients with synchronous multiple primary lung cancer
(MPLC) and contraindications to surgical treatment, the
mean survival time is 31 months.3 Distinguishing between
intrapulmonary metastases and a new primary cancer may
be difficult (especially when the tumor histologies are sim-
ilar). It is estimated that about 50.8—57.9% of MPLCs have
similar histologies.** It may be even more difficult to dis-
criminate between a subsequent primary lung tumor and
an intrapulmonary metastatic tumor if the former devel-
ops at a location previously treated with radiotherapy, due
to the morphological changes that have taken place there.

Definition of multiple primary
lung cancers

The first diagnostic criteria of MPLC were published
by Martini et al. in 1975.° According to these criteria, syn-
chronous and metachronous MPLC can be distinguished.
Synchronous cancers are separate neoplastic processes, his-
tologically identical or different, but occurring in different
segments, lobes, or lungs. If they originate from carcinomas
in situ, they do not metastasize to the lymph nodes; more-
over, extrapulmonary metastases are not present at the time
of diagnosis. Metachronous cancers are neoplastic processes
with identical or different histologies which develop at an in-
terval of at least 2 years or which originate from carcinomas
in situ, or in which the 2" tumor is located in another lobe
or lung, there is no evidence of lymph node metastases,
and no extrapulmonary metastases are present at the time
of diagnosis. The development of new diagnostic methods
has led to modifications of these criteria. Since 1995, MPLC
has been defined according to Antakli et al.* A diagnosis
of MPLC is established if the tumors have different or simi-
lar histologies and meet at least 2 of the following 5 criteria:
different histological locations;

— premalignant lesion;

— no metastases;

— no mediastinal infiltration; or

— different DNA ploidy.

Metachronous lung cancers are the most common
MPLC, accounting for 50-70% of all cases.’

A case of multiple primary cancers in a single patient was
first reported in the literature by Billroth in 1898, while
a report on the first case of MPLC was published by Bey-
reuther in 1924.%°

Various cancer registries have been created since then,
enabling the collection of statistical data on the incidence
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of multiple primary cancers and allowing the prediction
of the most likely development of subsequent cancers. This
may prove useful in guiding the diagnostic process and
preventing the development of further tumors in patients
already diagnosed with primary cancers. The registries
include:

— the Vaud Cancer Registry, a cancer registry covering
the Swiss canton of Vaud and designed to facilitate the risk
assessment of the 2"¢ metachronous cancer;

— The Italian Association of Cancer Registries
(AIRTUM), an Italian association of cancer registries
providing data on the demographic situation, statistics,
incidence, and mortality from cancer in Italy;

— European Cancer Registry (EUROCARE), a registry
providing information on the survival of cancer patients
based on data collected in population registries; and

— Surveillance, Epidemiology, and End Results Program
(SEER), a National Cancer Institute (NCI) population anal-
ysis providing information on the statistics of cancer in the
US population.

Epidemiology

The development of multiple cancers is determined
by many different factors. The treatment administered
for the initial cancer is thought to be the primary factor
which affects the development of subsequent malignan-
cies. The likelihood of developing the 2™ cancer increases
with the duration of survival after the completion of treat-
ment for the primary cancer. The risk is higher in patients
diagnosed with the primary cancer below the age of
60 years and in patients with lower-stage primary cancers,
in whom the chances of recovery are considerably higher.
The process of subsequent neoplasia — apart from genetic
factors — is largely determined by carcinogens, such as
tobacco smoke and alcohol, which contribute to dissemi-
nated lesions in the tissues permanently exposed to these
substances.

Smoking is one commonly known factor responsible for
the development of cancer. It is particularly related to the
direct exposure of the respiratory tract to carcinogenic
substances. Many years of smoking may also contrib-
ute to the simultaneous development of several cancers
at any point after resection of the primary cancer tumor.!
Despite considerable expenditure on the primary preven-
tion of lung cancer (smoking cessation programes), this
malignancy still ranks 1**in terms of incidence and cancer-
related mortality worldwide.!! In the vast majority of cas-
es (85-90%), lung cancer is associated with smoking —
including passive smoking by never-smokers.!*2 Moreover,
in a large percentage of cases, lung cancer is diagnosed
in former smokers, as the risk of this malignancy contin-
ues to increase for many years after smoking cessation.!?

Retrospective studies have shown an increased risk
of subsequent lung cancer after the diagnosis of the 1% lung
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cancer. In patients with non-small-cell lung carcinoma
(NSCLC), the risk of developing another cancer has been
estimated at 1-2% per year, while the risk of another lung
cancer in patients with successfully cured small-cell lung
carcinoma (SCLC) has been reported at 2—-14% per year.'+1>
In patients who have undergone primary surgical re-
section for lung cancer, the risk of MPLC is approx. 16%.
The risk is obviously not very high, but this is explained
by the fact that most patients diagnosed with primary lung
cancer die before they develop another type of cancer. If we
consider only those patients who survive more than 3 years
after the diagnosis of the initial cancer, we can observe
that 10-25% of them will develop another lung cancer.!®

The effects of genetic factors
on the development of lung cancer

Recent advances in the analysis of the lung cancer ge-
nome have profoundly changed our understanding of this
disease on a molecular level. The most important genes
responsible for the development of lung cancer are: EGFR,
KRAS, MET, LKBI, BRAFE, PIK3CA, ALK, RET, and ROS1.V”

Mutations in EGFR, KRAS, and ERBB2 have been dem-
onstrated in adenocarcinoma of the lung.!® It is often the
case that EGFR mutations are present in the primary lung
cancer but not in its metastases.!” The EGFR gene was
screened for mutation in exons 18, 19, 20, and 21 in a fe-
male patient with a recent diagnosis of lung adenocarcino-
ma and a previous lung adenocarcinoma. Mutation analy-
sis of the EGFR gene revealed a different mutation in each
tumor (on exon 19) confirming the diagnosis of 2 meta-
chronous primary lung cancers.?®?! Both EGFR and RAS
mutations contribute to the development of NSCLC.?223

KRAS mutations are rare in squamous cell carcinoma
of the lung, but may be found in approx. 15-25% of lung
adenocarcinomas.?* In most cases, this is a missense muta-
tion introducing an amino acid substitution at position 12,
13 or 61, which is associated with a poorer prognosis and
resistance to erlotinib and gefitinib.?> Yoon et al. described
a case with synchronous triple primary lung cancers with
wild-type EGFR/KRAS and anaplastic lymphoma kinase
mutation.®

The tyrosine kinase receptor c-Met plays a significant
role in the development of many solid tumors, including
SCLC, involved in the processes of neoplasia, cell motility,
scattering, invasion, and metastatic spread.

Loss-of-function mutations in LKBI were initially only
associated with Peutz-Jeghers syndrome, an autosomal
dominant genetic disorder.?” Sanchez-Cespedes et al.,
however, have demonstrated that LKBI mutation is also
present in 1/3 of all lung adenocarcinomas.?®

In NSCLC, BRAF mutations have been identified
in 1-3% of samples collected from patients. V6OOE muta-
tions (50%) are the most common, followed by G469A mu-
tations (39%) and D594G (11%).%° An analysis of the BRAF
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gene sequences in 127 patients with lung adenocarcinoma
has shown 2 specific mutations: one in exon 11 (G465V)
and the other in exon 15 (L596R).%°

Kawano et al., in a study of 135 patients with a diagnosis
of lung cancer, showed that PIK3CA exon 9 mutation oc-
curred in about 3.4% of the patients.?! This mutation was
more common in squamous cell carcinoma of the lung
than in adenocarcinoma (6.5% vs 1.5%), and its presence
did not correlate with the patient’s sex or smoking history.

Less frequent mutations, such as ROSI and RET muta-
tions in patients with NSCLC, have been reported to occur
at a rate of 2% and 1%, respectively.??3% ROSI mutations are
almost always exclusively concomitant with KRAS, EGER,
and ALK mutations.?*3°

Oncogenetic lung cancer research will lead to new con-
siderations, such as diagnostic tools and therapies. In the
near future, more research is needed to more accurately
characterize lung cancer mutations in order to generate in-
formation that can significantly change the future clinical
management of this disease. This can contribute to reduc-
ing the incidence of MPLC and improving its detectability.
Based on the difference in the expression of the mutated
genes, a new primary tumor can be differentiated from
an intrapulmonary metastasis, as discussed below.

Screening tests

Preventing lung cancer is much more important than
screening for it. Randomized clinical trials have shown
that obtaining a chest radiograph does not increase the
survival of patients diagnosed with lung cancer. Recent
studies, however, have demonstrated that annual screen-
ing for lung cancer with chest computed tomography (CT)
decreases mortality in patients with a history of strong
nicotine dependence.?® The efficacy of intensive surveil-
lance by means of annual chest CT scanning to detect
subsequent lung cancers or lung cancer metastases has not
been formally demonstrated, although subsequent annual
CT scans are often performed and recommended by the
National Comprehensive Cancer Network (NCCN) guide-
lines. This data, however, is insufficient to conclusively
support this common practice. More sensitive diagnostic
measures, such as lung imaging fluorescence endoscopy
(LIFE), are being investigated to establish their usefulness
for the detection of synchronous tumors.*’

How to differentiate multiple

primary lung cancers

from disseminated primary tumor
The incidence of synchronous or metachronous lung

cancers has been increasing over the past few years. This
has been due to technological progress and the increasing
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availability of novel diagnostic methods, such as com-
puted tomography and positron emission tomography.
What continues to be challenging is the differentiation
of a subsequent lung cancer from intrapulmonary metas-
tases of the 15 lung cancer. According to the current TNM
classification (8" edition) for lung cancer, in the event that
the tumor nodules are found in the same lobe as the main
tumor, the tumor is categorized as T3; if the tumor is found
in a different lobe but on the same side — T4; and if it is lo-
cated on a contralateral side — M1a.?® When multiple pri-
mary lung tumors are present, it is quite difficult to dis-
tinguish multicentric lung cancer from a primary cancer
in a different organ. Currently, based on histopathology,
many of the subsequent lung cancers are erroneously diag-
nosed, especially if the patient develops a multiple lung ma-
lignancy that is histologically impossible to differentiate.?
Such differentiation, however, is possible using genetic and
immunohistochemical methods, and a correct diagnosis
is necessary for the selection of suitable treatment. Many
studies have reported differences in certain cancer gene
mutations, chromosome aberrations, and microsatellite
alterations between different MPLCs.*04!

A study of 19 metachronous and 11 synchronous mul-
tiple lung tumors investigated the overexpression and ge-
netic abnormalities of the p53 gene.*? The results have
shown that some of the multiple tumors were of different
clonal origins, although their histological type was the
same. Mitsudomi et al. analyzed the phenotypes in 16 pa-
tients with p53 gene mutation using polymerase chain reac-
tion (PCR) and single-strand conformation polymorphism
(SSCP).#3 At least one p53 gene mutation in the lung tumor
was demonstrated in 9 of these patients. The p53 mutation
statuses were incongruent in these patients. This suggested
a different clonal origin, even though 6 of them had nearly
identical histological features. In lung cancer, the p53 gene
has so far been considered one of the most commonly
mutated genes, with mutations present in 50% of NSCLC
patients and in nearly all SCLC patients.** Another ad-
vantage offered by testing for p53 gene mutation is that
the mutation can be demonstrated relatively early in the
course of lung cancer, especially its squamous cell variety,
because the mutation plays a role in developing the malig-
nant phenotype.*® Once acquired, this phenotype is well-
preserved during progression and metastasis.*® In addition
to the p53 gene mutation, several other molecular methods
are currently available for clonal analysis of lung tumors.
The analysis of X-chromosome inactivation, which occurs
in the early phase of lung cancer development, is inter-
esting. It is only possible, however, to investigate it in fe-
males.”” In addition, testing for the loss of heterozygosity
(LOH) in certain arms of chromosomes, such as 3p, 5q,
9q, 11p, 13q, 17p, or 18q, or for RAS mutations is currently
being performed.

Many studies have shown that phenomena based on mi-
crosatellite instability (MSI) and on LOH can be used
to differentiate between a disseminated primary tumor
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and a subsequent primary tumor, both in the early and
late stages of the disease.*®~°0 Both of these phenomena,
MSI and LOH, represent molecular abnormalities acquired
by the cell during neoplastic transformation. Shen et al.
carried out a molecular analysis of 2 lung tumors in a single
patient (one tumor located in the right lower lobe and the
other in the right upper lobe) based on microsatellite al-
lele D2S1363, which was detected in the 15 tumor, but not
in the other. In both tumors, the same allelic background
for 5 microsatellite markers was established, although
it did differ in 1 microsatellite marker — D2S1363 — which
was detected in the 1%, but not in the other tumor.> This
finding was concluded to substantiate the fact that the 2"
lesion was indeed a metastatic lesion originating from the
15t tumor, which was histologically confirmed.

Wang et al. investigated genetic material from 70 lung
tumors in 30 patients.” In each of the 30 patients, LOH
was demonstrated in 1-4 of the 6 microsatellite markers.
Twenty-three of the 30 patients (77%) were shown to have
identical genetic abnormalities consistent with a monoclo-
nal origin of different tumors.

Molecular analysis of different alleles and microsatellite
polymorphic markers can therefore be used to differentiate
metastatic tumors from MPLCs.

Differential diagnosis of tumors can also be carried out
on the basis of EGFR mutations.>® Takuwa et al. published
a case report on the simultaneous presence of 2 adenocar-
cinomas, each at a different location.’* One tumor, located
in the middle lobe, showed the L858R mutation in EGFR
exon 21, which was identical to the mutation in the cells
sampled from the subcarinal lymph nodes. No such mu-
tation, however, was detected in the other tumor, located
in the upper lobe. Based on that, a diagnosis of dual pri-
mary lung cancer was established. This is a known hotspot
mutation and accounts for more than 40% of EGFR muta-
tions reported in Asian lung adenocarcinoma patients.>

In the area of low-dose CT screening for lung cancer,
though, the search for a non-invasive tool to differenti-
ate primary lung cancer and granulomatous nodules has
intensified.>¢>”

Positron emission tomography (PET) can be used to dif-
ferentiate multiple primary synchronous tumors from
disseminated primary tumors. Dijkman et al. conducted
a study in 37 patients in which they demonstrated a sig-
nificantly higher ASUV (difference between standard-
ized uptake values) in those with the 2" primary tumor
compared to those with a metastatic tumor (58% vs 28%,
p < 0.001).%8 Furthermore, Hsu et al. showed that tumor
size itself may have a strong influence on potential lo-
cal progression or metastasis, and that the combina-
tion of SUV .« and size together identified a subgroup
of patients at higher risk for recurrence after surgical
resection.” The SUV values from images acquired using
BF-FDG PET can therefore be useful in differentiating
metastatic tumors from other primary tumors in patients
with synchronous lung cancer.®
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Summary

Patients diagnosed with their 1% lung cancer should
be carefully monitored in order to allow the early detec-
tion of a subsequent malignancy. The diagnosis of MPLC
may be delayed or incorrect in patients with lung cancer
with intrapulmonary spread. Novel methods of differen-
tial diagnosis of the intrapulmonary spread of a primary
tumor vs MPLC may provide valuable diagnostic clues.
Undoubtedly, molecular methods in the near future will
have a growing role and will optimize the management
of patients with multiple neoplasms. However, the current
knowledge about MPLC oncogenetics is still insufficient.
‘We hope that future studies will provide a deeper under-
standing of this problem, and thus contribute to better
prevention and earlier diagnosis. Precise determination
of the clonal origin of MPLC might help rationalize the
treatment and improve the prognosis of patients.
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