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ABSTRACT

Preeclampsia is one of the leading causes of maternal
and perinatal morbidity and mortality, usually character-
ized by hypertension and proteinuria. Despite high incidence
of preeclampsia the pathophysiological basis of preeclamp-
sia is still not clear and there are a number of mechanisms
and signaling pathways that intertwine. It is very impor-
tant to develop specific and reliable predictive algorithms
in order to enable early initiation of therapy due to facts
that incidence of preeclampsia has upward trend and that
cause adverse maternal and fetal outcome. Some of the most
commonly used methods for prediction of preeclampsia in-
clude uterine artery Doppler velocimetry, determination of
some microRNA, such as miR-210, and assessment of vari-
ous pro-angiogenic and anti-angiogenic factors from blood.
Angiogenic factors that possibly have most important role
in pathogenesis of preeclampsia are vascular endothelial
growth factor (VEGF) and placental growth factor (PIGF),
which promote angiogenesis, and soluble fms-like tyrosine ki-
nase-1 (sElt1) and soluble form of endoglin (s-Eng), which ex-
hibit anti-angiogenic properties. Aggravating circumstance
is that preeclampsia has heterogeneous origin, and due to
this fact, the value of individual markers can vary signifi-
cantly. There is a constant tendency for creating comprehen-
sive algorithm for prediction of preeclampsia which would be
sufficiently specific and sensitive, and in the same time cheap
and available. In that sense, new clinical studies are needed
to show the most effective combination of parameters in the
predeclampsia prediction.

Keywords: preeclampsia; prediction; Doppler velocim-
etry; microRNA; angiogenic factors.

S sciendo

UDK: 618.3-008.6
Ser ] Exp Clin Res 2019; 20 (4): 287-294
DOI: 10.2478/sjecr-2018-0026

Accepted / Prihvacen: 18. 07. 2018.
SAZETAK

Preeklampsija je jedan od vodeéih uzroka materinskog i
perinatalnog morbiditeta i mortaliteta, koju najcesée karak-
terisu hipertenzija i proteinurija. Uprkos visokoj incidenciji
patofiziloska osnova preeklampsije nije dovoljno jasna i po-
stoji veliki broj mehanizama i signalnih puteva koji se me-
dusobno prepli¢u. Vrlo je vazno razviti specifi¢ne i pouzdane
algoritme za predvidanje preeklampsije kako bi se omogudilo
rano zapocinjanje terapije u skladu sa Cinjenicom da inci-
dencija preeklampsije ima uzlazni trend i uzrokuje nezeljeni
maternalni i fetalni ishod porodaja. Neki od najcescih meto-
da koje se koriste za predvidanje nastajanja preeklampsije
podrazumevaju Dopler uterine arterije, odredivanje poje-
dinih mikroRNK, poput miR-210, kao i odredivanje razlici-
tih proangigenih i antiangiogenih faktora iz periferne krvi.
Angiogeni faktori koji moZda imaju najznacajniju ulogu u
patogenezi preeklampsije su vaskularni endotelni factor ra-
sta (VEGEF) i placentalni factor rasta (PIGF), koji pospesuju
angiogenezu, i solubilna fms-slicna tirozin kinaza-1 (sFitl) i
solubilni oblik endoglina (s-Eng), koji ispoljavaju antiangi-
ogena svojstva. OteZavajuca okolnost je Cinjenica da pree-
klampsija ima heterogeno poreklo, i u skladu sa tim vred-
nosti pojedinih markera mogu znatno da variraju. Postoji
konstantna teZnja za stvaranje sveobuhvatnog algoritma za
predvidanje nastajanja preeklampsije koji bi bio dovoljno
specifi¢an i senzitivan, a u isto vreme jeftin i dostupan. U
tom smislu, potrebne su nove klinicke studije kako bi se obra-
zovala najefikasnija kombinacija parametara za predvida-
nje nastajanja preeklampsije.

Kljucne reci: preeklampsija; predikcija; Doppler; mi-
kroRNK; angiogeni faktori.
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ABBREVIATIONS

AP-1 - activated protein 1

BMP - bone morphogenetic protein

CRH - corticotrophin releasing hormone
CYRG61- cysteine-rich protein 61

DNA - deoxyribonucleic acid

eNOS - endothelial nitric oxide synthase
HDP - hypertensive disorders of pregnancy
LPS - lipopolysaccharides

microRNA - microribonucleic acid

MPYV - mean platelet volume

NEF-kB - nuclear factor-kB

NO - nitric oxide

PAPP-A - pregnancy associated plasma protein A

INTRODUCTION

Preeclampsia represents one of the hypertensive disor-
ders of pregnancy (HDP) and one of the leading causes of
maternal and perinatal morbidity and mortality worldwide
complicating 2%-8% of pregnancies (1, 2). According to
the American College of Obstetricians and Gynecologists
there are four major hypertensive disorders encompassed
within HDP: 1) chronic hypertension, 2) preeclampsia
and eclampsia, 3) hronic hypertension with superimposed
preeclampsia, and 4) gestational hypertension (3). The In-
ternational Society for the Study of Hypertension in Preg-
nancy as an additional category also lists the “white coat
hypertension” In addition to the fact that HDP make up
a large share of maternal and perinatal mortality, another
worry is related to the results of the studies that indicate
that incidence of the HDP continues to increase (4). Clini-
cal diagnosis of preeclampsia is based on several criteria: 1)
blood pressure above 140/90 mmHg in two separate mea-
surements separated by an interval longer than 4 hours,
or blood pressure above 160/110 mmHg in two measure-
ments separated shorter interval, after 20 week of gestation
in previously normotensive woman; 2) proteinuria which
exceeds 300 mg/24 h; 3) in the absence of proteinuria, ad-
ditional criteria include: thrombocytopenia, renal failure,
disturbance of liver function, pulmonary edema, as well
as any symptom related to the disorder of the function of
the nervous system (3, 5). If preeclampsia progresses and
seizures occur, preeclampsia passes into eclampsia. In the
fetus preeclampsia causes premature birth and growth re-
striction, while in women with preeclampsia increases risk
for other diseases, such as renal failure, stroke and cardio-
vascular disease (6).

There are many conditions recognized as risk factors
for development of preeclampsia (Table 1). Nulliparous
women have a three times greater risk for development of
preeclampsia in comparison to multiparous women. Also
in women with pregnancies complicated with preeclamp-
sia there is increased risk for recurrence in subsequent
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PC - platelet count

PDW - platelet distribution width

PI - pulsatility index

Plcr - platelet large cell ratio

PIGF - placental growth factor

PP13 - placental protein 13

qRT-PCR - quantitative reverse transcription-polymerase
chain reaction

RI - resistance index

RNA - ribonucleic acid

sEng - soluble endoglin

sFlt-1 - soluble fms-like tyrosine kinase-1
TGEF- - transforming growth factor
VEGEF - vascular endothelial growth factor

pregnancies. Age is also a risk factor, so that pregnant
women over 40 years also have an increased risk of devel-
oping preeclampsia (7). Risk factors for preeclampsia also
include family history for preeclampsia, twin pregnancy,
antiphospholipids antibodies and thrombophilia, preex-
isting diabetes, preexisting chronic hypertension or in-
creased blood pressure, preexisting renal and autoimmune
disease, as well as increased body mass index (8, 9).
Despite high and increasing incidence of pre-
eclampsia the pathophysiological basis of preeclampsia is
still not clear and there are a number of mechanisms and
signaling pathways that intertwine. Preeclampsia is usually
defined as a syndrome of maternal systemic inflammatory
response that affects various organ systems, and according
to the current hypothesis preeclampsia is caused by placen-
tal dysfunction which takes place in two stages (10, 11). The
first stage implies poor placentation which occurs during
first half of pregnancy, between 8 and 18 week of gestation.
During this stage clinical symptoms are absent, but Dop-
pler’s ultrasound analysis of blood flow velocity in uterine
arteries indicate changes that could affect blood flow in
spiral arteries (12, 13). Ischemic and reperfusion injury of
placenta due to disturbed perfusion of placenta causes in-
creased production of reactive species and oxidative stress,

Table 1. Risk factors for preeclampsia onset.
Nulliparity
Advanced maternal age
Previous pregnancies complicated with preeclampsia
Pregnant women of advanced age
Family history of preeclampsia
Twin pregnancy
Preexisting chronic hypertension
Preexisting renal and autoimmune disease

Increased body mass index and obesity



as well as synthesis and release of proinflammatory me-
diators from syncytiotrophoblast. These mediators induce
clinical manifestations of preeclampsia in second half of
pregnancy, which represents the second phase. Proinflam-
matory mediators involved in occurrence of preeclampsia
include: soluble fms-like tyrosine kinase-1 (sFlt-1), soluble
endoglin (sEng), leptin, activin-A, corticotrophin releasing
hormone (CRH), serum placental protein 13 (PP13), and
pregnancy associated plasma protein A (PAPP-A) (14-17).
There were various attempts to provide the best prediction
algorithm for preeclampsia, as well as to set aside param-
eters which would enable the most adequate monitoring of
preeclampsia which has already been diagnosed.

UTERINE ARTERY DOPPLER IN PREECLAMPSIA
PREDICTION

Attempts to use ultrasound and Doppler’s effects in the
prediction of preeclampsia have a relatively long history.
Namely, one of the first tries to use Doppler velocimetry in
analysis of blood flow and pressures in women with HDP
was conducted by Fleischer and colleagues during the
eighties of the last century (18). These authors compared
ratio between systolic and diastolic pressure in normal
pregnancies and HDP, and concluded that systolic/diastol-
ic ration physiologically does not exceed 2.6. On the other
hand when this ratio is higher pregnancy can be compli-
cated by premature birth, intrauterine growth retardation
and maternal preeclampsia. During early pregnancy, as
well as in nonpregnant state, Doppler analysis show low
end-diastolic velocity and early diastolic notch. Namely,
normal shape of uterine waveform consist steep systolic
slope, early diastolic notch and a small flow of blood during
the diastole. As the pregnancy progresses the resistance to
blood flow decreases, diastolic notch is gradually removed
and diastolic blood flow increases (19). Increase of blood
flow reaches peak between 20" and 24" week of pregnan-
cy, and at the end of pregnancy uterine arteries blood flow
amounts 970 ml/min (20). In HDP resistance to blood flow
in uteroplacental circulation is high, which is transmit-
ted upstream to the uterine arteries and can be detected
through increased pulsatility index (PI) or resistance index
(RI) (13).

In cohort study performed by Sharma and colleagues it
was shown that single uterine artery Doppler scan in sec-
ond trimester of pregnancy (between 20 and 23 week of
gestation), combined with other risk factors such as ma-
ternal age over 34 years and chronic hypertension, would
clarify what pregnancies need further supervision (21). Pe-
droso and coworkers analyzed 30 large cohort studies and
randomized trials which dealt with prediction possibility
of uterine artery Doppler in occurrence of preeclampsia
and fetal growth retardation (22). They concluded that of
analysis of uterine artery PI by Doppler has low sensitivity
and prediction capability, but in combination with other
biochemical markers or analysis of maternal risk factors

its sensitivity increases, making it an acceptable and useful
part of the preeclampsia prediction algorithms. Tan and
coauthors analyzed results from three previously reported
prospective non-intervention screening studies, in a com-
bined total of 61,174 singleton pregnancies (23). From this
total number of analyzed pregnancies, 2.9% developed
preeclampsia. These authors confirmed conclusion of
previously mentioned study, and showed that analysis of
maternal factors, uterine artery PI by Doppler, mean ar-
terial pressure and serum placental growth factor (PLGF)
enabled prediction over 90% of preeclampsia. Abdel Razik
and colleagues investigated the interconnection between
Doppler ultrasound parameters: diastolic notch, PI and R],
and platelet indices: platelet count (PC), mean platelet vol-
ume (MPV), platelet distribution width (PDW) and plate-
let large cell ratio (Plcr) (24). They analyzed 270 normal
pregnant women between 20" and 24" week of gestation
and showed that patients with preeclampsia had higher
frequency of diastolic notching, as well as higher PI and
RI, combined with significant increase of MPV and PDW.
Also, patients with disturbed Doppler parameters and
platelet indices had higher risk to develop a severe form
of preeclampsia. Another investigation dealt with possi-
bility of prediction of early and late preeclampsia through
analysis of placental volume and placental blood flow, and
results showed that pregnant women with preeclampsia
have had lower placental volume and higher uterine PI
compared to healthy pregnancies (25). Results of longitu-
dinal study conducted by Porto and coworkers indicated
that all pregnancies complicated with early onset of pre-
eclampsia have had significantly higher uterine artery PI
between 16+0 and 19+6 weeks of gestation (26). Navarat-
nam and colleagues went a step further, and compared
PIGF tests and the sFlt-1/PIGF ratio with abnormal uterine
artery Doppler (27). Results of their investigation showed
significant association between PIGF or sFlt-1/PIGF ratio
with results of Doppler parameters.

Taken all together, uterine artery Doppler can be used
for prediction and monitoring of preeclampsia, but in or-
der to increase sensitivity and specificity uterine artery
Doppler should be combined with estimation of other
markers.

ROLE OF MICRO-RNA IN PREECLAMPSIA

Ribonucleic acid (RNA) is polymeric molecule that
have crucial role in deciphering of information within
the deoxyribonucleic acid (DNA). Three various forms of
RNA molecules take part in this process: messenger RNA
(mRNA), which arises from the transcription process from
DNA and contains information regarding the structure
composition of proteins, transfer RNA (tRNA), which en-
ables transfer of appropriate amino acid to ribosome, and
ribosomal RNA (rRNA), which participates in the protein
synthesis itself as part of the ribosome. In 1993 another
form of RNA was discovered, micro RNA (microRNA) for
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which it turns out to have a number of key roles in the body
(28). The fact that microRNAs are ubiquitously present in
viruses, plants and animals depict their evolutionary ne-
cessity and importance. These small molecules, containing
20 to 24 nucleotide bases, have pivotal roles in processes
such as regulation of cell cycle and regeneration, immunity,
normal function of various tissues and organs, but on the
other hand their role is recognized also in different patho-
logical states, including carcinomas (29-33). Until now,
there are more than 28,000 microRNAs which have been
indentified in various species, and of that number 2654 are
human microRNAs (34).

Pineles and colleagues firstly described the discrepancy
in expression of microRNAs in placental tissue from pa-
tients with preeclampsia and control group of women with
preterm labor and delivery (35). Namely, authors analyzed
expression of 157 different microRNAs, using real-time
quantitative reverse transcription-polymerase chain reac-
tion (QRT-PCR), and found that two microRNAs, miR-182
and miR-210, had significantly higher expression in sam-
ples of placenta tissues of women with preeclampsia. Fur-
ther, Zhang and colleagues firstly described negative cor-
relation between expression of miR-155 and cysteine-rich
protein 61 (CYR61) (36). CYR61 is important angiogenic
regulator and has important role in placental angiogenesis
(37). It was previously showed that expression of CYR61 in
preeclamtic placental tissue has been reduced, thus revel-
ing new mechanism in development of preeclampsia. It is
also shown that stimulation of human-trophoblast-derived
cells with lipopolysaccharides (LPS) leads to increment of
miR-155, transcription factor activated protein 1 (AP-1)
and nuclear factor (NF)-«B, suggesting the role of miR-155
in process of syncytialization, as well as in pathogenesis of
preeclamsia (38). Enquobahrie and colleagues found dif-
ferences in expression of eight microRNAs in placental tis-
sues of women with preeclampsia and women with normal
pregnancy and labor using qRT-PCR (39). Results of this
investigation showed up regulation of miR-210, and down
regulation of seven other microRNAs (miR-328, miR-584,
miR-139-5p, miR-500, miR-1247, miR-34c-5p and miR-
1). Overexpression of miR-210 under hypoxic conditions,
which exist in preeclampsia, is related to NF-kB transcrip-
tional factor p50, suggesting another mechanism involved
in pathogenesis of preeclampsia. Furthermore, miR-210
modulates mitochondrial respiration and reduces oxygen
consumption (40). Gunel and coworkers found increased
plasma levels of miR-210 in pregnant women with pre-
eclampsia, as well as decreased levels of miR-152 (41). Pla-
centa-associated serum exosomal miR-155 derived from
patients with preeclampsia caused decreased expression
of endothelial nitric oxide synthase (eNOS) in primary hu-
man umbilical vein endothelial cells, and thus decreased
production of nitric oxide (NO) (42).

In order to assess the possibility of prediction of pre-
eclampsia by analyzing microRNAs from peripheral blood
buffy coat samples of pregnant women, Winger and coau-
thors investigated 30 microRNAs (43). Authors performed
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gqRT-PCR analysis on samples of 48 pregnant women col-
lected during first trimester of pregnancy (11+13 weeks
gestation), of whom 8 had preeclampsia. Of 30 investi-
gated microRNAs, eight is included in panel (miR-1267,
miR-148a, miR-196a, miR-33a, miR-575, miR-582, miR-
210 and miR-16), and data showed that investigation of
maternal immune cells may provide early prediction of
preeclampsia and enable adequate response. On the other
hand, Luque and coworkers based on the results of pre-
viously conducted investigation made quite opposite con-
clusion (44). Of 754 analyzed microRNAs from pregnant
women with preeclampsia and healthy pregnancies, 63 of
them were continuously registered in samples, but only 15
were differently represented. Further statistical analysis in-
dicated that there were not significant differences in pres-
ence any of them in sera of pregnancies with preeclampsia
and healthy pregnancies, so author concluded identifica-
tion of microRNAs from maternal serum samples during
first trimester is not a reliable predictor for development
of preeclampsia.

Bearing in mind all above results it can be concluded
that microRNAs have important role in pathogenesis of
preeclampsia. On the other hand, predictive value of mi-
croRNAs determination depends on type of sample and
time of sampling (week of gestation). In order to provide
good predictive model which include analysis of microR-
NAs future investigation are necessary. These investiga-
tions will also provide new insights into roles of microR-
NAs in pathophysiology of preeclampsia and other HDP.

ANGIOGENIC FACTORS IN PREECLAMPSIA

Various circulating factors that affect angiogenesis take
part in pathogenesis of preeclampsia. These factors can be
classified as pro-angiogenic and anti-angiogenic and their
imbalance actually is crucial in onset of preeclampsia. De-
creased expression of vascular endothelial growth factor
(VEGF) and placental growth factor (PIGF), which pro-
mote angiogenesis, combined with increased expression of
soluble fms-like tyrosine kinase-1 (sFlt1) and soluble form
of endoglin (s-Eng), which exhibit anti-angiogenic prop-
erties, are most often referred to as the focus of the pre-
eclampsia pathogenesis.

The vascular endothelial growth factor (VEGF) is pro-
angiogenic factor mostly synthesized by endothelial cells,
macrophages, T-cells, tumor cells and cytothrophoblast in
response to stimulation by hypoxia or various mediators
(interleukins, transforming growth factor - TGFE-p, plate-
let derived growth factors) (45). There are five members
of VEGF family in mammals, VEGEF-A, VEGE-B, VEGF-C,
VEGE-D and placental growth factor (PIGF). When only
the VEGF is mentioned, it is thought of VEGF-A, because
it is predominant form. All VEGFs are generated as alter-
native splice variants of mRNA from the same gene located
on chromosome 6 which contains 8 exons (46, 47). VEGFs
can achieve their effect by acting on two receptor fami-
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Figure 1. Role of angiogenic factors in pathogenesis of preeclampsia.
sEng - soluble endoglin; sFlt-1 - soluble fms-like tyrosine kinase-1; TGF-p - transforming growth factor

B; VEGF - vascular endothelial growth factor.

lies, VEGF receptors (VEGFR) and neuropilin receptors.
VEGER belong to tyrosine kinase receptors, and there are
three types of them: VEGFR-1 (or fms-like tyrosine kinase
- Flt-1), VEGFR-2 (or murine Flk-1) and VEGFR-3 (or Flt-
4), and there are two neutrophilin molecules: neutrophilin
1 and neutrophilin 2 (46). VEGF is very important in main-
tenance of fenestrated and sinusoidal epithelium, so the
symptoms in preeclampsia are the most pronounced in or-
gans in which these types of epithelia are present (kidney,
liver). Angiogenesis is process of crucial importance in em-
bryogenesis and growth, and due to that fact the physiolog-
ical regulation of angiogenesis during pregnancy by above
mentioned growth factors is also undoubtedly crucial. The
main source of PIGF is placenta, and its level is low in the
first trimester of normal pregnancy, with its concentration
increasing from 11 week of gestation, reaching peak at 30
week of gestation, followed by decrease (48). PIGF enhanc-
es action of VEGF by competitive binding to VEGFR-1
and thus enabling the VEGF to bind the VEGFR-2 which
has higher activity. PIGF also magnify the effects of VEGF
binding to VEGFR-2, via mechanisms such as intermolecu-
lar transphosphorylation of VEGFR-2.

Soluble form of Flt-1 — sFlt-1, binds VEGF and PIGF,
thereby reducing their availability in circulation (Figure 1).
Due to the mentioned fact arise antagonistic properties of
Flt-1 in relation to VEGF and PIGF. In preeclampsia sFlt-1
is mainly produced by syncytiotrophoblast, while its expres-
sion is regulated by hypoxia-inducible transcription factor
(HIF) (49). Certain amount of sFlt-1 is present in circulation
of healthy and non-pregnant women, indicating the physi-
ological role of sFlt-1 in regulation of VEGF level (50). Hy-
pothesis regarding action of sFlt-1 implies the existence of
endothelial threshold for sFlt-1 concentration. When con-
centration of sFlt-1 exceeds that threshold, concentration of
VEGF and PIGF decreases leading to endothelial dysfunction
and preeclampsia (51). In women with previously disturbed
endothelial function, regarding states such as hypertension,
diabetes or obesity, mentioned threshold is lower, so they
are consequently more vulnerable to preeclampsia. Endog-
lin is an integral transmembrane glycoprotein, which is also

referred as endothelial marker CD105 (52). Endoglin is part
of TGE-PB complex, and act as co-receptor for TGF-B1 and
TGEF-B3 but not TGF-2 (53). Membrane endoglin, through
its short cytoplasmic domain, is connected with endothelial
nitric oxide synthase (eNOS) and thus has important role
in regulation of eNOS activity and NO bioavailability (54).
The form of endoglin that could be found in circulation in
some conditions including preeclampsia is referred to as
soluble endoglin (sEng) (55). TGF-$ has important role in
regulation of endothelial and vascular homeostasis through
migration and proliferation of endothelial cells (56). sEng act
as anti-angiogenic factor through inhibition of TGF-f sig-
naling and consequent lack of activation of eNOS (Figure 1).
Furthermore, sEng binds to the bone morphogenetic pro-
tein (BMP)-9 and induces synthesis of endothelin-1 from
endothelial cells, which has highly vasoconstrictor proper-
ties (57, 58). Production of sEng is enhanced in hypoxic con-
ditions and has opposite action in comparison to membrane
endoglin.

Taraseviciené and colleagues investigated the possi-
bility of prediction of preeclampsia by detection of sFlt-1,
PIGE, sFlt-1/PIGF ratio and uterine artery Doppler param-
eters: PI and RI (59). These authors designed case-control
study which involved 72 pregnant women with preeclamp-
sia and 72 women with physiological pregnancy, and based
on obtained results thay concluded that sFIt-1/PIGF ratio
and PIGF are more powerful predictors of preeclampsia
compared to sFlt-1, PT and RI, and moreover, that these two
parameters are quite sufficient for diagnostic of early pre-
eclampsia. Benovskd and coworkers assessed possibility of
early prediction of preeclampsia thorough analysis of sFlt-1,
PIGE, sFlt-1/PIGF ratio in 120 pregnant women whose ges-
tational age was between 16 and 20 weeks (60). They made
conclusion that all mentioned parameters, but in particular
sFlt-1/PIGF ratio, can predict onset of preeclampsia in early
pregnancy, even 10 to 15 weeks before it occurs. Similar
conclusion made Caillon and coauthors based on analysis of
sFlt-1/PIGF ratio of 67 high-risk pregnant women (61). The
investigation of AbdelHalim and colleagues included 107
pregnant women with preeclampsia and 93 healthy, normo-
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tensive pregnant women (62). Authors, among others, mea-
sured sEng in serum and showed that higher values of sEng
were present in blood of women with preterm labor and ad-
verse fetal outcome compared to term labor and favorable
fetal outcome. Meta-analysis conducted by Allen and coau-
thors included 30 studies and 65,538 women and dealt with
questioning of abnormal values of circulating biomarkers
and preeclampsia (63). Among other biomarkers, these au-
thors concluded that sEng was significantly associated with
early as well as late onset of preeclampsia. Moore Simas and
coworkers recommended assessment of sFlt-1 and sEng for
prediction of preeclampsia (64).

Based on results on above mentioned investigations it
can be concluded that angiogenic biomarkers are relatively
reliable tool in prediction of preeclampsia. However, in or-
der to improve the accuracy of prediction it is always better
to determine several biomarkers in the same time.

CONCLUSION

Bearing in mind that preeclampsia can be severe and re-
sult in adverse fetal and maternal outcome, as well as that
incidence of preeclampsia has a continuous upward trend,
it is very important to develop specific and reliable predic-
tive algorithms in order to enable early initiation of therapy.
Aggravating circumstance is that preeclampsia has hetero-
geneous origin, and due to this fact, the value of individual
markers can vary significantly. There is a constant tendency
for creating comprehensive algorithm for prediction of pre-
eclampsia which would be sufficiently specific and sensitive,
and in the same time cheap and available. In that sense, new
clinical studies are needed to show the most effective combi-
nation of parameters in the predeclampsia prediction.
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ABSTRACT

Copper serves as a limiting factor for multiple steps of tumour
progression, including angiogenesis, growth and metastasis. High
levels of copper have been found in a wide spectrum of human
cancers. Antitumour activities of copper-chelating drugs have
been reported in animal models. Organosulfur compounds (di-
allyl sulfide, DAS; diallyl disulfide, DADS; S-ethylcysteine, SEC;
N-acetylcysteine, NAC) derived from garlic exhibit marked cop-
per-chelating activity. We analysed a mixture of fifteen n-propyl
polysulfides (DPPS) for potential antitumour activity against sev-
eral murine tumour cell lines, including colon carcinoma (CT26),
mammary carcinoma (4T1) and melanoma cell lines (B16F10),
and compared the effects with the antiproliferative effect in high-
ly proliferative murine mesenchymal stem cells (mMSCs). The
effects of the mixture of n-propyl polysulfides (100%) on cell vi-
ability were determined using MTT assays. Cell apoptosis was
analysed using Annexin V-FITC/PI assays.

The results of the MTT assays indicate that this standard-
ized mixture of n-propyl polysulfides has a strong dose-depend-
ent cytotoxic effect against all three of the tested tumour cell
lines (CT26, 4T1, BI6F10). The cytotoxic effect of the n-propyl
polysulfide mixture against the CT26 and B16F10 cell lines was
much stronger than that of cisplatin and was significantly weak-
er in mMSCs, which are non-cancerous and highly proliferative
cells, than in cancer cells. Flow cytometric analysis of CT26 and
4T1 cells revealed that apoptosis was not the dominant mecha-
nism of cell death induced by the n-propyl polysulfide mixture.
The n-propyl polysulfide mixture exerted highly cytotoxic activ-
ity against murine colon carcinoma and melanoma cell lines,
but its antiproliferative activity against mMSCs was significant-
ly lower than that of cisplatin.

Keywords: n-propyl polysulfides, tumour cell lines, cy-
totoxicity, in vitro
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SAZETAK

Bakar ucestvuje u razliditim fazama progresije tumora,
u angiogenezi, rastu i metastaziranju. Povecane vrednosti
bakra u serumu i u tkivu tumora, karakteristika su razlici-
tih vrsta tumora kod ljudi. U animalnim eksperimentalnim
modelima, supstance (lekovi) koje heliraju bakar ispoljavaju
anti-tumorski efekat. Helatori bakra su i organosumporna
jedinjenja, izolovana iz belog luka. U ovoj studiji analizirali
smo potencijalnu anti-tumorsku aktivnost smese petnaest
razli¢itih n-propil polisulfida na nekoliko misjih celijskih li-
nija tumora: karcinom kolona (CT26), karcinom dojke (4T1)
i melanom (B16F10). Aktivnost ove smese na tumorskim li-
nijama, uporedili smo sa antiproliferativnim efektom na me-
zenhimalne maticne Celije misa (engl. murine mesenchymal
stem cells, mMSC). Efekat smese n-propil polisulfida (100%)
na vijabilnost Celija ispitali smo MTT testom. Apoptozu Celi-
Jja smo analizirali koriste¢i Annexin V-FITC/PI test.

Rezultati MTT testa ukazuju da standardizovana sme-
Sa n-propil polisulfida ima jak citotoksicni, dozno-zavi-
sni, efekat na sve tri testirane Celijske linije tumora (CT26,
4T1, BI6F10). Smesa n-propil polisulfida ispoljava izraze-
niji citotoksicni efekat na CT26 i BI6FI10 linije u odnosu
na cisplatinu. Citotoksicni efekat ove smese na mMSC je
znacajno slabiji poredeci sa efektom cisplatine, Sto ukazu-
je na selektivnije dejstvo. Analiza CT26 i 4T1 Celija pro-
tocnom citometrijom pokazala je da apoptoza nije glavni
oblik smrti Celija, koju uzrokuje smesa n-propil polisulfi-
da. Smesa n-propil polisulfida ispoljava jacu citotoksicnu
aktivnost na Celijskim linijjama misjeg karcinoma kolona
i melanoma i slabiju aktivnost na mMSC u poredenju sa
efektom cisplatine.

Kljucne reci: n- propil polisulfidi, celijske linije tumo-
ra, citotoksi¢nost, in vitro

Corresponding author:

Marija Milovanovic, MD, PhD

Center for Molecular Medicine and Stem Cell Research,
Faculty of Medical Sciences, University of Kragujevac, Serbia
Svetozara Markovica 69, 34000 Kragujevac, Serbia

Tel +38134306800, Fax. +38134306800112

E-mail: marijaposta@gmail.com

295



INTRODUCTION

Copper is an essential trace element for most living or-
ganisms. It serves as a structural and catalytic cofactor for
enzymes that play crucial roles in various biochemical pro-
cesses (1). Copper is a cofactor in redox enzymatic reactions
required for the normal growth and development of organ-
isms. Since copper has roles in many enzymatic reactions (1,
2), its requirement in different aspects of cancer progression,
such as immortalization, angiogenesis, and metastasis, is clear
(3, 4). Copper can induce angiogenesis by directly binding to
pro-angiogenic factors (such as VEGF) and by stimulating
the migration of endothelial cells (5). It also triggers prolifera-
tive and metabolic enzymes that increase the ability of cancer
cells to metastasize (3). Reduced or elevated levels of copper
have been connected to various pathological conditions in
humans. Many tumours tend to accumulate high concentra-
tions of copper; the concentrations of copper in serum and
tumour tissue are significantly higher in cancer patients than
in healthy subjects, and the copper concentration correlates
with cancer progression and therapeutic response (6, 7). High
levels of copper have been found in a wide spectrum of hu-
man cancers, including breast, prostate, colon, lung, and brain
cancer (6, 8-10). Furthermore, in comparison with normal tis-
sues, tumours have a greater demand for copper and are more
sensitive to reductions in systemic copper levels (11).

Antiangiogenic activities of copper-chelating drugs have
been reported in animal models (11) (12). Another study
reported impaired oxidative phosphorylation and tumour
growth after pharmacological suppression of systemic cop-
per, without concomitant effects on tumour angiogenesis
(13). It has also been shown that copper chelation inhibits
epithelial-to-mesenchymal transition and decreases the
expression of vimentin and fibronectin, thus inhibiting the
migratory and invasive properties of cells (14). Organosul-
fur compounds (diallyl sulfide, DAS; diallyl disulfide, DADS;
S-ethylcysteine, SEC; N-acetylcysteine, NAC) derived from
garlic exhibit marked copper-chelating activity (15).

Here, we analysed the potential antitumour activity of
the mixture of fifteen n-propyl polysulfides against several
murine tumour cell lines, including the colon carcinoma
(CT26), mammary carcinoma (4T1) and melanoma cell
lines (B16F10), and compared these effects with its anti-
proliferative activity against highly proliferative murine
mesenchymal stem cells (mMSCs).

We show that the n-propyl polysulfide mixture exerts
highly cytotoxic activity against murine colon carcinoma
and melanoma cell lines, while its antiproliferative activity
against mMSC:s is significantly weaker than that of cisplatin.

MATERIALS AND METHODS
Preparation of drug solutions

The oil mixture of n-propyl polysulfides (100%) and 10
mM cisplatin water solution were diluted in cell culture
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medium immediately before use. MTT, 3-(4,5-dimethyl-
thiazol-2-yl)-2,5-diphenyl tetrazolium bromide, was dis-
solved (5 mg/mL) in phosphate-buffered saline with a pH
of 7.2, and the solution was filtered through a 0.22 mm
Millipore filter before use. All reagents were purchased
from Sigma Chemicals.

Cell culture

CT26, 4T1, and B16F10 cells were purchased from
American Type Culture Collection (ATCC, Manassas,
USA). Mouse bone marrow-derived MSCs were purchased
from Gibco. Cells were maintained in DMEM (Sigma Al-
drich, Munich, Germany) supplemented with 10% foetal
bovine serum (FBS, Sigma Aldrich, Munich, Germany),
penicillin (100 IU/mL), and streptomycin (100 pg/mL) in
a humidified atmosphere of 95% air and 5% CO2 at 37°C.
Subconfluent monolayers in the log growth phase were
harvested by a brief treatment with 0.25% trypsin and
0.02% EDTA in phosphate-buffered saline (PBS, Sigma Al-
drich, Munich, Germany), and the cells were washed three
times in serum-free PBS. The number of viable cells was
determined by trypan blue exclusion.

Cytotoxicity assay

The effects of the tested compounds on cell viability
were determined using the MTT colorimetric technique.
All examined cells were diluted with growth medium
to 5x10* cells/ml, and aliquots (5x10° cells/100 ml) were
placed in individual wells in 96-well plates. The next day,
the medium was exchanged with 100 uL of test compound,
which had been serially diluted 2-fold in growth medium
to concentrations ranging from 1 mg/ml to 0.008 mg/ml.
Both the n-propyl polysulfide mixture and cisplatin were
tested in triplicate. Cells were incubated at 37°C and 5%
CO, for 24 h. After incubation, the supernatant was re-
moved, and 15% MTT solution (5 mg/mL in PBS, 10 pL)
in DMEM without FBS was added to each well. After an
additional 4 h of incubation at 37°C in 5% CO,, the me-
dium with MTT was removed, and DMSO (150 pL) with
glycine buffer (20 pL) was added to dissolve the crystals.
The optical density of each well was determined at 595 nm
using a Zenyth 3100 Multimode microplate detector. The
percentage cytotoxicity was calculated using the formula:
% cytotoxicity = 100-((E-B)/(S-B)*100), where B is the
background optical density of medium alone, S is the total
viability/spontaneous death of untreated target cells, and E
is the experimental well. Each of the tested complexes was
evaluated for cytotoxicity in three separate experiments.

Apoptosis assay

For the detection of apoptosis, CT26 and 4T1 cells
were plated in T25 culture flasks and allowed to grow
overnight. After the cells reached subconfluency, the me-
dium was replaced with the test substances (0.01 mg/ml).
Treated cells were placed at 37°C in a 5% CO, incubator for
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Figure 1. Graphs presenting the survival of CT26, B16F10, and 4T1 cells, as well as MSCs, after 24 h of growth in the presence of DPPS and cisplatin.

Data are presented as the mean of three independent experiments.

24 h. The cultured cells were washed twice with PBS and
resuspended in 1X binding buffer (10X binding buffer: 0.1
M Hepes/NaOH (pH 7.4), 1.4 M NacCl, 25 mM CaCl2) at
a concentration 1x10°/mL. Annexin FITC and propidium
iodide (PI) were added to 100 mL of cell suspension, which
was then incubated for 15 min at room temperature (25°C)
in the dark. After incubation, 400 mL of 1X binding buffer
was added to each tube, and the stained cells were analysed
within 1 h using a FACS Calibur (BD, San Jose, USA) and
Flow Jo software (Tri Star). Since Annexin V FITC staining
precedes the loss of membrane integrity that accompanies
the later stage identified by PI, an Annexin FITC-positive,
Pl-negative staining pattern indicates early apoptosis,
while viable cells are Annexin V FITC negative and PI neg-
ative. Cells that are in late apoptosis or are already dead are
positive for both Annexin V FITC and PL

RESULTS
Anticancer activity of copper complexes

The results of the MTT assays indicate that the stan-
dardized mixture of n-propyl polysulfides has a strong,
dose-dependent cytotoxic effect on all three of the tested
carcinoma cell lines (CT26, 4T1, B16F10) (Figure 1). The
n-propyl polysulfide mixture had almost the same cytotox-
ic activity as cisplatin against the 4T1 murine mammary
carcinoma cell line. Interestingly, the cytotoxic effects of

the n-propyl polysulfide mixture against the murine colon
cancer and melanoma cell lines (CT26 and B16F10, respec-
tively) were much stronger than those of cisplatin (Figure
1). Significant cytotoxic effects of the n-propyl polysulfide
mixture against CT26 and B16 F10 cells were detected at
even the lowest tested concentration (0.008 mg/ml). Im-
portantly, compared with cisplatin, the tested mixture had
significantly lower cytotoxicity against mMSCs, which are
non-cancerous and highly proliferative cells (Figure 1).
The similar effects of the tested mixture and cisplatin on
4T1 cells and the significantly greater effects of the mix-
ture against CT26 and B16F10 cells, as well as the lower
cytotoxicity against mMSCs, were confirmed by analysis
of the IC50 values (Table 1).

To determine the possible mode of death of the cells
treated with the n-propyl polysulfide mixture, flow cy-
tometry analysis of CT26 and 4T1 cells stained with An-
nexin V and PI after exposure to the test mixture (at a

Table 1. IC50 values (in mM) for 4T1, CT26, and B16F10 cells, as well as
mMSCs, after exposure to DPPS and cisplatin for 24 h as determined by
MTT assays. The data are presented as the mean + SD (standard devia-
tion) from three experiments.

IC50 (mg/ml)
Com- 4T1 CT26 B16F10 mMSC
pound
DPPS 0.043+0.006 | 0.024+0.018 | 0.023+0.002 | 0.059+0.002
Cisplatin 0.029+0.004 | 0.160+0.092 | 0.123+0.082 | 0.028+0.006
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Figure 2. Representative flow plots showing the percentages of early- and late apoptotic and viable CT26 and 4T1 cells after 24 h of treatment with

DPPS (0.01 mg/ml).

concentration of 0.01 mg/ml) for 24 h was performed. In
agreement with the results of the MTT assays, a stron-
ger cytotoxic effect of the n-propyl polysulfide mixture
than of cisplatin, as determined by Annexin V PI staining,
was observed in CT26 cells, while better cytotoxicity in
4T1 cells was shown for cisplatin (Figure 2). Furthermore,
analysis of the percentages of stained CT26 and 4T1 cells
after treatment with the test mixture and cisplatin indi-
cated that apoptosis is not the dominant mechanism of
cell death induced by the n-propyl polysulfide mixture.
The percentage of PI+ cells (Annexin V+ PI+ and An-
nexin V- Pi+) was higher in the populations of both CT26
and 4T1 cells treated with the test mixture than in those
treated with cisplatin (Figure 2).

DISCUSSION

This study shows for the first time a greater cytotoxic
effect of an n-propyl polysulfide mixture compared with
a standard chemotherapeutic agent (cisplatin) in murine
colon carcinoma (CT26), melanoma (B16F10), and mam-
mary carcinoma (4T1) cell lines.

The biological activities of various organosulfur
compounds are partially the result of their chelating ac-
tivity (16). Metal cations, including Cu* and Cu**, may be
involved in the formation of chelating complexes (17).
Four organosulfur compounds (diallyl sulfide (DAS),
diallyl disulfide (DADS), S-ethylcysteine, and N-acetyl-
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cysteine) show marked copper-chelating capability. The
method used to determine the chelating effects of DAS
and DADS on copper is based on restoring the activity
of xanthine oxidase, which is inhibited in the presence
of copper (15).

Our finding that a mixture of n-propyl polysulfides,
which may have chelating activities, reduces the viability
of tumour cells agrees with previous findings. The copper
chelating agent trientine supresses tumour development
(18, 19). Curcumin, a polyphenol that belongs to the ginger
family, chelates copper with high affinity and inhibits cell
proliferation, invasion, metastasis, and angiogenesis (20).
Administration of curcumin in animal tumour models
resulted in the suppression of tumour growth associated
with reduced copper concentrations in the serum of the
treated groups (20). Furthermore, organic copper-binding
compounds, such as clioquinol and pyrrolidine dithiocar-
bamate, bind copper and form new complexes that func-
tion as cancer-specific proteasome inhibitors and apopto-
sis inducers in human breast cancer cells (21).

More than 95% of the total copper in human plasma
is associated with ceruloplasmin, while the remaining
plasma copper is associated with albumin and transcu-
prein (22). It has been shown that the concentration of
ceruloplasmin and transcuprein in tumour tissue is in-
creased. Furthermore, tumour tissue can take up cop-
per from the ceruloplasmin fraction of the plasma (22).
Copper enters the cell through various transporter
molecules in the plasma membrane, known as copper



transporter protein 1 CTR1 (23), and binds to different
factors, such as metallothionein, cytochrome oxidase,
superoxide dismutase and the cytosolic copper chap-
erones Cox17 and Atox1 (24). Inhibitors of the copper
trafficking proteins Atoxl and CCS significantly re-
duce the proliferation of cancer cells with no effects
on normal cells. Blocking copper trafficking induces
cellular oxidative stress and reduces the cellular levels
of ATP (25).

Our findings indicate that the reduction in the viabil-
ity of murine MSCs (noncancerous and highly prolifera-
tive cells) in response to the n-propyl polysulfide mixture
was smaller than that in response to cisplatin (Figure 1).
This finding agrees with previous reports that copper
chelating agents selectively kill human colon cancer cells
without affecting the viability of noncancerous colon or
intestinal cells (26). The selective cytotoxic activity of the
n-propyl polysulfide mixture towards tumour cells may
be the consequence of more pronounced chelating activ-
ity in tumour cells, as they contain higher amounts of
copper. The higher percentage of necrotic tumour cells
exposed to the n-propyl polysulfide mixture is in line
with a previous finding that the organosulfur compound
diallyl disulfide induces mainly necrotic death in Can-
dida albicans (27).

Based on our findings, further studies should be done
to explore the mechanisms of the antitumour action of this
n-propyl polysulfide mixture, to elucidate the basis of the
selective activity towards tumour cells and to evaluate for
in vivo effects in animal tumour models.
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ABSTRACT

The aim of the present study was to examine, evaluate and
compare the effects of administered dipeptidyl peptidase -4 (DPP4)
inhibitors saxagliptin and sitagliptin on lipid status parameters and
blood pressure in rats with streptozotocine induced diabetes melli-
tus type 2. Forty-eight Wistar albino rats were divided randomly
into 4 groups: 1. group I: control healthy group; 2. group II: rats
with diabetes mellitus type 2; 3. group I11: rats with diabetes melli-
tus type 2+ treated with 0.6 mg/kg of sitagliptin; 4. group IV: rats
with diabetes mellitus type 2 treated with 0.45 mg/kg of saxagliptin.
The rats from experimental groups were fed with a high-fat diet for
4 weeks and after 6-8 h of starvation received one dose of strepto-
zotocin (STZ) intraperitoneally (25 mg/kg body weight) to induce
type 2 diabetes mellitus (T2DM). Animals with fasting glucose
above 7 mmol/L and insulin over 6 mmol/L were included in the
study as rats with T2DM. Upon completion of the experiments, the
blood was collected from the anesthetized animals and serum tri-
glyceride (TG), total cholesterol (TCH), high density lipoprotein
(HDL), and low density lipoprotein (LDL) were measured using
spectrophotometry and commercial kits. At the beginning of the
study and the day before sacrificing animals, the blood pressure
and heart rate were measured by a tail-cuff noninvasive method.
DPP4 inhibitors, as glucagon-like peptide-1 (GLP-1) agonists,
were associated with modest reductions in DBP, LDL-C, TCH, and
TGL and significant improvement in HDL, SBP and HR.

Keywords: DPP4 inhibitors, lipid status, blood pressure, diabetes
mellitus type 2, rats.
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SAZETAK

Cilj ove studije je bio da ispita, proceni i uporedi efekte admin-
istriranih dipeptidil peptidaza-4 (DPP4) inhibitora saksagliptina i
sitagliptina na parametre lipidnog statusa i krvnog pritiska kod
pacova sa dijabetes mellitusom tipa 2 izazvanim streptozotocinom.
Cetrdeset osam Wistar albino pacova je svrstano u 4 grupe: 1.
grupa I: kontrolna grupa zdravih pacova; 2. grupa Il: pacovi sa
diabetes mellitus tipom 2; 3. grupa l1: pacovi sa diabetes mellitus
tipom 2 tretirani sa 0,6 mg/kg sitagliptina; 4. grupa IV: pacovi sa
diabetes mellitus tipom 2 tretirani sa 0.45 mg/kg saksagliptina.
Pacovi iz eksperimentalnih grupa su hranjeni hranom sa visokim
sadrZajem masti 4 nedelje i nakon 6-8 sati gladovanja primili su
jednu dozu streptozotocina (STZ) intraperitonealno (25 mg/kg
telesne tezine) radi izazivanja dijabetes melitusa tipa 2 (T2DM).
Zivotinje sa glukozom nataste iznad 7 mmol/L i insulinom preko 6
mmol/L ukljucene su u studiju kao pacovi sa T2DM. Po zavrSetku
eksperimentalnog perioda, krv je sakupljena od anesteziranih
Zivotinja i serumski trigliceridi (TG), ukupni holesterol (TCH), lip-
oproteini visoke gustine (HDL) i lipoproteini niske gustine (LDL)
SU odredivani spektrofotometrijski i koris¢enjem komercijalnih
kitova. Na pocetku studije i dan pre Zrtvovanja Zivotinja, krvni
pritisak i sréana firekvenca sumereni neinvazivnom metodom repne
pletizmografije. Inhibitori DPP4, kao agonisti glucagonu-slicnog
peptida-1 (GLP-1), bili su povezani sa blagim redukcijama DBP,
LDL-C, TCH i TGL i pozitivno su uticali na HDL, SBP i HR.

Kljuéne re¢i: DPP4 inhibitori, lipidni status, krvni pritisak, diabe-
tes melitus tip 2, pacovi.
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INTRODUCTION

Cardiovascular diseases, such as coronary heart disease,
cerebrovascular disease, and peripheral artery disease have
remained the leading cause of morbidity and mortality world-
wide. Across Europe and the USA, myocardial infarction rep-
resents direct cause of death in 40-50% of patients with diabe-
tes, and the number of patients with diabetes that die as a di-
rect result of ischemic heart disease is reported to be increas-
ing (1). It is well known and explained that existing athero-
sclerotic vascular lesions and diabetes mellitus are with no
doubt the strongest risk factors for further life-threatening vas-
cular diseases. Hyperlipidemia and diabetes mellitus increase
cardiovascular events via increasing atherosclerosis. What is
more, collateral artery growth (arteriogenesis), which function
is to compensate the loss of an artery due to atherosclerosis, is
compromised in diabetes mellitus, a disease which is almost
always associated with dyslipidemia (2). According to novel
investigation, there is a high need for effective drugs that
show positive effects in patients with diabetes, even with insu-
lin resistance, but also express cardioprotective effects and
therefore postpone or decrease the risk of cardiovascular com-
plications in diabetic patients. Particularly, these drugs should
have the capacity to promote arteriogenesis, which is a tissue-,
and even life-saving, process. Dipeptidyl-peptidase 4
(DPP4/CD26) inhibitors might present such drugs.

Dipeptidyl peptidase-4 (DPP4) is a widely expressed pro-
tease that cleaves the N-terminal of peptides containing a pe-
nultimate alanine or proline, such as the incretins, glucagon-
like peptide-1 (GLP-1), and glucose-dependent insulinotropic
polypeptide (or gastric inhibitory polypeptide GIP) (1). Drugs
that inhibit DPP4 exhibit a decrease in degradation of these
hormones, which improves glycemic control through in-
creased glucose-mediated insulin secretion, decreased gluca-
gon release and delayed gastric emptying. These hypoglyce-
mic drugs of newer generation have shown to be effective,
well tolerated and therefore, increasingly prescribed. In addi-
tion, recent research put the focus on potential cardioprotec-
tive and antihyperlipidemic effects of these drugs, beyond
glycemic control, thus, making them an interesting and attrac-
tive therapeutic strategy, alone or in combination with other
hypoglycemic drugs (2, 3). Not all representatives of this
group of drugs express the same pharmacodynamics. For ex-
ample, in vitro study has shown stronger inhibition of DPP4
and slower rate of dissociation from its active site of saxaglip-
tine in comparison with sitagliptin and vildagliptin (4).

Besides outstanding glucose-lowering effects, DPP4 in-
hibitors have also shown other beneficial effects that are not of
metabolic nature. This refers to anti-inflammatory effect and
cardioprotective effect especially via blood pressure (BP) reg-
ulation. Recent findings suggest that sitagliptin could decrease
systolic blood pressure (SBP), independently of glucose-
lowering effect (5). Additionally, it was shown that sitagliptin
exerts BP reduction effect both in diabetic and non-diabetic
patients (6-9). Data provided from other studies have also con-
firmed hypotensive effects of DPP-4 inhibitors in animal
models and supported this phenomenon (10-13). On the other
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hand, there is a growing number of evidence claiming the op-
posite - that no changes in BP were measured when compared
to control group (14-17). Furthermore, some research groups
have come to conclusion that DPP-4 inhibitors might even
lead to the increase in BP when combined with ACE (angio-
tensin-converting enzyme) inhibitors (18).

Taken into consideration all mentioned above, the aim of
the present study was to examine, evaluate and compare the
effects of administered DPP4 inhibitors saxagliptin and
sitagliptin on lipid status parameters and blood pressure in rats
with streptozotocine induced diabetes mellitus type 2.

MATERIALS AND METHODS
Ethical approval

This research was carried out in the laboratory for cardio-
vascular physiology of the Faculty of Medical Sciences, Uni-
versity of Kragujevac, Serbia. The protocol of the current
study was approved by the Ethical Committee for the experi-
mental animals’ well-being of the Faculty of Medical Scienc-
es, University of Kragujevac, Serbia. All experiments were
performed according to EU Directive for welfare of laboratory
animals (86/609/EEC) and principles of Good Laboratory
Practice (GLP).

Animals and design of the study

Forty-eight Wistar albino rats (males, six weeks old, body
weight 200 + 20 g, at the beginning of experiments) were in-
cluded in the study. They were housed in a room with a 12/12-
hour light/dark cycle, an ambient temperature of 22 + 2°C.
The rats had free access to food and water - ad libitum. Rats
were divided randomly into 4 groups (12 animals per group):

1. Group I: Control healthy group (n=12);

2. Group II: Rats with diabetes mellitus type 2 (n=12);

3. Group IlI: Rats with diabetes mellitus type 2 treated
with 0.6 mg/kg of sitagliptin (n=12);

4. Group IV: Rats with diabetes mellitus type 2 treated
with 0.45 mg/kg of saxagliptin (n=12).

Except for the control healthy group, the rats were fed with
a high-fat diet for 4 weeks and after 6-8 h of starvation re-
ceived one dose of STZ intraperitoneally to induce T2DM.
STZ was prepared ex tempore by dissolving in citrate buffer
and, depending on the body weight, it was administered in a
dose of 25 mg/kg (18). Three days after STZ injection and 12
h after starvation fasting glucose and insulin level as well as
blood pressure were measured. Animals with fasting glucose
level above 7 mmol/L and insulin level over 6 mmol/L were
included in the study and were used in the study as rats with
T2DM. The T2DM rats were then randomly divided into three
groups: T2DM rats (n= 12), T2DM rats treated with 0.6
mg/kg body weight of sitagliptin (n=12) and T2DM treated
with 0.45 mg/kg body weight of saxagliptin (n=12). Sitagliptin
and saxagliptin were applied intraperitoneally once a day for
three weeks.



Drugs

Streptozotocin (MW= 265,221), sitagliptin (MW= 523,32)
and saxagliptin (MW= 315,41) were purchased from Sigma-
Aldrich Chemie GmbH Eschen str. 5, 82024 Taufkirchen,
Germany.

Evaluation of blood pressure and heart rate

At the beginning of the study and the day before sacrific-
ing animals, the blood pressure and heart rate were measured
by a tail-cuff noninvasive method BP system (Rat Tail Cuff
Method Blood Pressure Systems (MRBP-R), IITC Life Sci-
ence Inc., Los Angeles, CA, USA) (19). At least ten determi-
nations were made in each session, with mean values taken.

Lipid profile

Upon completion of the experiments, the blood was col-
lected from the anesthetized animals into blood collection
tubes after an overnight fast (12 h). After standing for 30 min,
the serum was prepared by centrifugation of blood at 1000 x g
for 10 min at 4°C and stored at —80°C until analysis.

RESULTS
Lipid profile

Level of triglycerides (TGL), total cholesterol (TCH) and
low-density lipoprotein (LDL) were significantly increased in
experimental groups (rats with T2DM) compared to the con-
trol group, while the level of high-density lipoprotein (HDL)
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Serum triglyceride (TG), total cholesterol (TCH), high density
lipoprotein (HDL), low density lipoprotein (LDL) were meas-
ured in the serum using spectrophotometry and commercial
kits from Siemens Healthcare Diagnostics (Frimley, Camber-
ley, Surrey, UK) and according to the manufacturer’s instruc-
tions on the programmed analisator (Dimension Xpand, Sie-
mens, IL, USA).

Statistical analysis

We used traditional parameters of descriptive statistics:
average valuetstandard deviation (SD), and minimal and max-
imal values. Normality of the parameter distribution was eval-
uated with the Shapiro-Wilk and Kolmogorov-Smirnov tests.
Additionally, data was analyzed using a one-way analysis of
variance (ANOVA) and the post hoc Bonferroni test for mul-
tiple comparisons. The statistical significance was based on
p<0.05. Complete statistical evaluation was performed with
SPSS Statistics 22 (SPSS, Chicago, IL).

was decreased. Sitagliptin and saxagliptin have significantly
decreased the level of TGL, TCH, and LDL compared to the
T2DM group. There was no significant change in the level of
HDL (Figure 1).
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Figure 1: Changes in lipid profile in healthy and rats with T2DM:
(A) Total Cholesterol (TCL, mmol/l); (B) high-density lipoprotein (HDL, mmol/l);
(C) Triglycerides (TGL, mmol/l); (D) Low-density lipoprotein (LDL, mmol/l).
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Values are expressed as mean + standard deviation (SD)
for 12 animals, for each group. Values p < 0.05 were consid-
ered statistically significant. a - statistical significance in rela-
tion to control (CTRL) group; b - statistical significance in re-
lation to T2DM group.

SBP (g

Blood pressure and heart rate

Systolic and diastolic blood pressures were significantly
increased in the T2DM group compared to the control group.
Diastolic pressure was significantly decreased in groups with
sitagliptin and saxagliptin compared to the T2DM group.
There was no significant change in the heart rate (Figure 2).
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Figure 2: Changes in blood pressure and heart rate in healthy and rats with T2DM:
(A) systolic blood pressure (SBP, mmHg); (B) diastolic blood pressure (DBP, mmHg);
(C) heart rate (HR, bpm). Values are expressed as mean + standard deviation for 12 animals, for each group.

Values p <0.05 were considered statistically significant.
a - statistical significance in relation to control (CTRL)
group; b - statistical significance in relation to T2DM group.

DISCUSSION

The prevalence of hypertension in individuals with T2DM
is estimated to be twice higher compared to non-diabetic indi-
viduals (20, 21). Possible reasons for this include diabetes re-
lated metabolic disorders, such as chronic hyperglycemia and
hyperlipidemia along with low grade inflammation and oxida-
tive stress. Blood pressure responses to DPP-4 inhibitor thera-
py are shown to be either neutral or modestly reduced (22-25).
In addition, by measuring the blood pressure, we have con-
firmed the existence of a model diabetes mellitus type 2,
which is quite obvious by noticing a statistically significant
difference in the systolic and diastolic pressure in the T2DM
group compared to the control. Using this parameter, we have
managed to show that the drugs from the group of DPP-4 in-
hibitors lower diastolic blood pressure in comparison with
T2DM group (Figure 2).

Recent studies highlighted that sitagliptin might induce

changes in blood pressure in different ways, but this depends
primarily on the presence of coronary disease, antihyperten-
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sive co-therapy (mostly ACE inhibitors and AT blockers), and
thus, in the case of healthy animals (without coronary disease)
this medicine decreased diastolic and systolic pressure, but not
in the case of spontaneously hypertensive rats (17, 26). On the
other hand, when dealing specifically with patients with
T2DM, the study indicates a statistically significant decrease
in systolic pressure after intravenous treatment with DPP-4 in-
hibitors (vildagliptin and sitagliptin). Pathophysiological
mechanism responsible for BP reduction of DPP4 inhibitors
are well explained by many authors. Firstly, DPP4 inhibition
surely increases incretin level (GLP-1), which is associated
with cardiac friendly lipid status in recent meta-analyses (27).
There are DPP-4 non-incretin substrates that are involved in
inflammation, immunity and cardiovascular system and its ex-
pression on endothelial surface suggests that its inhibition
might reduce the vascular tone. Furthermore, animal studies
have shown NO- dependent or independent arterial relaxation
induced by GLP-1 (28). These vasodilator properties might al-
so be mediated through GLP-1 metabolites and independently
of the GLP-1 receptor, acting instead through an NO/cGMP-
dependent mechanism (29). It is explained in the literature that



immune systems, both innate and adaptive might contribute to
low-grade inflammation, which is connected with the devel-
opment and progression of hypertension. DPP4 (CD26), be-
sides being included in glucose and lipid metabolism, also par-
ticipates in non-specific inflammation by regulating the activi-
ty and chemotaxis of macrophages, monocytes, NK and T
cells. These cells secrete inflammatory mediators that can dis-
turb the function of vascular endothelium (reactive oxygen
species, cytokines, chemokines, adhesion molecules) in the
form of increased proliferation of smooth muscle cells and
vascular remodelling. Recent studies provided evidence about
DPP4 inhibitors treatment inhibiting production of cytokines
controlling the proliferation of T Ilymphocites and therefore
express hypotensive effect via reduction of inflammation (28,
30, 31). Other research groups claimed the opposite since no
effect on BP was noticed with DPP4 inhibitors treatment.
There is also smaller amount of evidence regarding possible
increase in BP by using ACE inhibitors and DPP4 inhibitors
co-therapy (14, 15, 17). As for heart rate, values did not vary
between groups and no statistically significant differences
were noticed. DPP-4 inhibitors have not shown any effect on
this parameter in our research (Figure 2). These results are
consistent with various studies, where the DPP4 inhibitors
therapy did not ameliorate cardiovascular outcomes in T2DM
patients.

Lipid profile is a strong determinant of cardiovascular risk
in T2DM. Current guidelines recommend an accurate control
of hypercholesterolemia in order to reduce macrovascular
complications. The fact that type 2 diabetic patients are more
likely to be dyslipidemic than the general population is well
known for decades. Lipid abnormalities associated with
T2DM refer to high serum triglyceride levels, a high propor-
tion of small dense low-density lipoprotein (LDL) particles,
higher triglyceride-enriched, verylow-density lipoprotein
(VLDL) particles, and lower protective high-density lipopro-
tein cholesterol (HDL) levels, together with glycation of
apolipoproteins and increased LDL oxidation, all of which
contribute to genesis of foam cell in atherosclerosis (32, 33).
According to Derosa et al, the addition of sitagliptin to exist-
ing hypoglycemic therapy might lead to a better and durable
(over 7 years of therapy) improvement of lipid profile. This
beneficial effect is supposed to be due to delayed gastric emp-
tying (34). Our study results elucidated that sitagliptin and
saxagliptin improve lipid status in T2DM rats, via significant
reduction of TCH, LDL and TGL (Figure 1). In line with these
results are also the results of other research groups (35, 36).
Possible explanation for beneficial lipid effects of DPP4 inhib-
itors may be connected to its stimulating effect on the activat-
ed proteine-kinase pathway, which leads to increase in glucose
and lipid catabolism (37). On the other hand, no improvement
in HDL parameters was achieved in our study, which is in cor-
relation with the findings of Saad et al. (36). What is more,
GIP can purify chylomicron in the circulation by stimulating
the lipoproteine lipase from adipose tissue, while GLP-1 could
decrease the postprandial secretion of triacylglycerol after
meal (38-40). Since DPP inhibitors potentiate the GLP-1 and
GIP function, it is clear why it improves lipid profile. Clinical
trials have also confirmed beneficial effects of sitagliptin in

diabetic patients, referring to amelioration of lipoprotein and
lipid profile, which is explained by decrease in atherogenic
remnant lipoproteins (RemL-C) (41).

CONCLUSION

DPP4 inhibitors, as GLP-1 agonists, were associated with
modest reductions in DBP, LDL-C, TCH, and TGL and signif-
icant improvement in HDL, SBP and HR. These drugs might
be helpful in achieving homeostasis in lipid status and blood
pressure in T2DM patients. Hence, further evidence is needed
to determine if improvements in lipid profile and BP might
translate into reductions and amelioration of cardiovascular
outcomes.
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ABSTRACT

Objectives: In this study, we retrospectively compare the
clinical results, range of knee motion and anterior knee pain
in patients on whom we performed knee arthroplasty with
and without patellar resurfacing.

Thirty-eight patients were evaluated in the study. Knee
Society scores, knee range of motion and anterior knee pain
before and 12 months after surgery were detected. Patients
were divided into two groups: resurfaced patellas and non-
resurfaced patellas. There were 18 patients in the resurfaced
group and 20 patients in the nonresurfaced group.

Mean Knee Society score was 40.72+13.09 in the resur-
faced group and 38.55+5.88 in the nonresurfaced group before
surgery. Mean Knee Society score was 80.38+7.78 in the resur-
faced group and 80.10+3.22 in the nonresurfaced group in the
last control. Mean knee range of motion was 92.83+12.12 de-
grees in the resurfaced group and 91.05+10.10 degrees in the
nonresurfaced group before surgery. Mean range of motion was
106.22+9.13 degrees in the resurfaced group and 97.25+8.50
degrees in the nonresurfaced group after surgery. There were
twelve patients with anterior pain before surgery in the resur-
faced group and 13 patients with anterior knee pain before
surgery in the nonresurfaced group. After surgery, there was
one patient with anterior pain in the resurfaced group and 9
patients with anterior knee pain in the nonresurfaced group.

Anterior knee pain ratio was smaller in the resurfaced
group than in the nonresurfaced group, and there was a sig-
nificant difference in range of knee motion as a result of our
study. We offered to resurface the patella.
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SAZETAK

U ovoj retrospektivnoj studiji, uporedili smo klinicke ka-
rakteristike, stepen pokretljivosti zgloba kolena i prisustvo
bola u prednjem delu kolena kod pacijenata kod kojih je
uradjena artoplastika kolena sa ili bez repozicije patele.

Trideset osam pacijenata je ukljuceno u studiju. Knee
Society skorovi, opseg pokreta u zglobu kolena i prisustvo
bola su praceni pre i 12 meseci posle hirurske intervencije.
Pacijenti su bili podeljeni u dve grupe: grupa pacijenata sa
repozicijom patele i bez nje. U grupi sa repozicijom bilo je
18, a u grupi bez repozicije 20 pacijenata.

Srednja vrednost Knee Society skora u grupi sa repozi-
cijom patele bila je 40,72+13,09 dok je u drugoj grupi bio je
38,55+5,88 pre operacije. Posle operacije, u grupi ispitanika
sa repozicijom patele isti skor iznosio je 80,38+7,78 dok je u
drugoj grupi iznosio 80,10+3,22. Srednja vrednost obima po-
kreta u zglobu kolena bila je 92,83+ 12,12 stepena u grupi sa
repozicijom kolena, dok u drugoj grupi je bila 91,05+10,10
pre operacije. Nakon hirurske intervencije, ovaj skor je u pr-
voj grupi iznosio 106,22+9,13 a u drugoj 97,25+8,50 stepe-
na. Od ukupnog broja pacijenata, kod 12 pacijenata je bio
prisutan bol prednjeg kolena u grupi sa repozicijom, dok u
drugoj grupi je bilo 13 pacijenata pre operacije sa prisutnim
bolom. Nakon operacije, 1 pacijent u prvog grupi i 9 pacije-
nata sa pristunim bolom je zabeleZeno.

Odnos prisutnog prednjeg bola kolena je bio manji u gru-
pi pacijenata sa repozicijom kolena u odnosu na drugu gru-
pu, sa znacajnom razlikom u obimu pokreta zgloba kolena.
Preporucujemo repoziciju patele u zglobu kolena.

Kljucne reci: patela, pokretljivost zgloba kolena, operacija
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INTRODUCTION

Knee arthroplasty is the last-stage treatment modality
for gonarthrosis. New knee arthroplasty designs are ob-
taining better clinical results with a long survival rate pe-
riod. In particular, patellar components had complications,
which resulted in revisions in the early designs (1).

Anterior knee pain is an unwanted complaint that can
be seen after knee arthroplasty. The rate of anterior knee
pain is approximately 8% after primary knee arthroplasty
(2). The exact aetiology of the anterior knee pain after
primary knee arthroplasty is unknown. According to one
opinion, high- compressive forces create pressure on the
unresurfaced patellae, and this pressure may result in car-
tilage erosion on the patellar surface after knee joint re-
placement (3). Some study results offer patellar resurfacing
to reduce anterior knee pain after knee arthroplasty (4, 5).
Re-operation rates, because of anterior knee pain, are de-
creased by patellar resurfacing after total knee arthroplasty
(6). However, patellar osteonecrosis, loosening of a patellar
component, wear, extensor mechanism rupture and patel-
lar maltracking are some of the complications that can be
faced after patellar resurfacing (7).

Exact indications of patellar resurfacing include severe
destruction of the patellofemoral joint, patellar maltrack-
ing, and inflammatory arthritis, such as rheumatoid arthri-
tis and patellar and femoral component incongruency (8).

There are currently 3 approaches for patellar resurfac-
ing. The first approach is always to resurface the patella;
the second one is never to resurface the patella, and the
third one is to resurface the patella, selectively, according
to the quality of the articular cartilage and the congruence
of the patellofemoral joint at the time of surgery (9).

We aimed to compare the clinical results, range of knee
motions and anterior knee pain in patients on whom we
performed knee arthroplasty with and without patellar re-
surfacing in this study.

MATERIALS AND METHODS

Approval for the study was granted by the University Eth-
ics Committee with decision no 62 in 05.02.2018. Informed
consent was obtained from all the patients. The inclusion
criteria for this retrospective study were patients who had
received posterior cruciate retaining knee arthroplasty and
follow-up of more than 1 year. There were 52 patients, but 14

Table 1: Demographic and clinical results of the groups.

patients had a follow-up period of less than 1 year and were
thus excluded from the study. A total of 38 patients in our
clinic met these criteria. Demographic data were obtained
from a total of 38 patients retrospectively. KSS scores, knee
range of motion and anterior knee pain before and 12 months
after surgery were detected from patient hospital files. Pa-
tients were divided into two groups: resurfaced patellas and
nonresurfaced patellas. There were 18 patients in the resur-
faced group and 20 patients in the nonresurfaced group.

SURGICAL TECHNIQUE AND POST-OPERATIVE
PHYSICAL THERAPY

All knees were operated with midline incision and a
medial parapatellar capsular incision to expose the knee
joint. Dissection of the vastus medialis started from the
quadriceps tendon with distal extension through the me-
dial patellar retinaculum to the medial border of the pa-
tellar ligament. The synovium was incised in line with the
capsular incision. The patella was everted or subluxated
laterally. Cruciate retaining, fixed-bearing prostheses were
implanted to all knees. Cement was used for the fixation of
components. Patellar resurfacing was performed with the
onlay technique; an equivalent thickness of bone was re-
moved with the patellar component. In the nonresurfaced
patellas, osteophytes were removed. An extramedullary
alignment guide was used for the tibia, and an intramedul-
lary alignment guide was used for the femur. The tibial cut
was with an angle of 3°-5° for the tibial posterior slope.
The distal femur was resected at 7° valgus. The patella was
resurfaced using a standard cemented polyethylene patel-
lar button.

The decisions on performing either patellar resurfacing
or patellar retention were based on the surgeon’s subjective
judgement.

Postoperatively, mobilisation was performed on the
first day after surgery. Static quadriceps exercises, straight
leg raising exercise and range of motion exercise were
started from day 1 after surgery. Below-knee thromboem-
bolic disease stockings were used for both lower extremi-
ties, and chemical prophylaxis for deep vein thrombosis
was in the form of tablet acetylsalicylic acid 100 mg once
a day for 6 weeks. Perioperative intravenous cefazolin so-
dium was given to all patients for 24 hours.

The same physical therapy protocol applied to all pa-
tients after discharge from hospital.

Mean pre Mean post Number of Number of
Mean Pre Mean Post . . . . . .
Follow . . operative operative patients with | patients with
Number of . operative operative . .
. up period . . knee range knee range anterior knee | anterior knee
patients knee sociaty | knee sociaty . . . .
(month) of motion of motion pain pre pain pre
score score . .
(Degree) (degree) operatively operatively
Total 38 20,42+4,94 39,57+9,89 80,23+5,76 91,89+10,99 101,50+9,8 25 10
Ig{re;‘j;faced 18 18,27+2,98  |40,72+13,09 |80,38+7,78  |92,83+12,12 |106,22+9,13 |12 1
.
;‘(’)ﬁ;esur aced 109 22,3545,59  |38,55+5,88  |80,10£3,22 | 91,05+10,10 |97,25+8,50 |13 9
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STATISTICAL ANALYSIS

Parametric tests were used because the data had nor-
mal distribution. Student’s t test for continuous variables,
chi-square test for categorical data and paired t test for
comparison of pre- and post-operative values were used in
the comparison of the two groups. At the 95% confidence
interval, p <0.05 was considered significant.

RESULTS

Mean age of the patients was 70.55+6,03 years. Mean
follow-up period was 20.42+4.94 months. Mean Knee So-
ciety score was 39.57+9.89, and mean knee range of motion
was 91.89+10.99 before surgery. In the last control, mean
Knee Society score was 80.23+5.76, and mean knee range
of motion was 101.50+9.8 degrees. Mean follow-up period
was 18.27+2.98 months in the patellar resurfaced group and
22.35+5.59 months in the nonresurfaced group. Mean Knee
Society score was 40.72+13.09 in the resurfaced group and
38.55+5.88 in the nonresurfaced group before surgery. Mean
Knee Society score was 80.38+7.78 in the resurfaced group
and 80.10+3.22 in the nonresurfaced group in the last con-
trol. Mean knee range of motion was 92.83+12.12 degrees
in the resurfaced group and 91.05+10.10 degrees in the non-
resurfaced group before surgery. Mean range of motion was
106.22+9.13 degrees in the resurfaced group and 97.25+8.50
degrees in the nonresurfaced group after surgery. A total of 25
patients had anterior knee pain before the surgery. Twelve pa-
tients with anterior pain before surgery were in the resurfaced
group, and 13 patients had anterior knee pain in the nonre-
surfaced group. After surgery, there was 1 (5,5%) patient with
anterior knee pain in the resurfaced group, and there were 9
(45%) patients with anterior knee pain in the nonresurfaced
group in the last control. There was no significant difference
between Knee Society scores of both groups in the last control
after surgery (p>0,05). A significant difference was detected in
Knee Society scores before and after surgery in both groups
(p<0,05). There was a significant difference between groups in
range of knee motion in the last control after surgery (p<0,05).
The resurfaced group had higher angular values than did the
nonresurfaced group. We detected a significant difference in
anterior knee pain after surgery in the last control between
groups (p<0,05). The resurfaced group had less anterior knee
pain than did the nonresurfaced group. No reoperation was
performed and no reinfection was detected.

DISCUSSION

Anterior knee pain is one of the important conditions
where the exact aetiology is not understood. Excessive
patello-femoral loads and abnormal patellar tracking can
be the reason for anterior knee pain (10). According to the
results of the study that was done by Erduran et al., patel-
lar tilt had an increase in gonarthrotic patients compared

to the control group. The congruence angle was lower in
knees with gonarthrosis at 0° and 10° of knee flexion but
higher at 20°, 30°, 40° and 60° than in knees in the control
group. They found an increase in congruence angle with
the contraction of the quadriceps in the control group,
but no significant changes were observed in patients. As
a result of their study, the differences in dynamics of the
patellofemoral joint in patients with gonarthrosis can be
the reason for patellofemoral complaints after knee ar-
throplasty (11). Another study about the effect of lower
extremity torsional deformities on anterior knee pain
showed that lower extremity torsional deformities are not
the primary aetiologic reason for patellofemoral instability
and anterior knee pain (12). Heergaard et al. showed that
after total knee arthroplast, patellar tracking changes, and
this change increases patellofemoral contact pressures.
These increased pressures can be the reason for anterior
knee pain after knee arthroplasty (13). According to our
results, there was 1 patient with anterior knee pain in the
patellar resurfaced group, but there were 9 patients in the
nonresurfaced group. Our clinical results are consistent
with the results of these biomechanical studies.

In a study with 116 patients who had been performed
cruciate-retaining knee arthroplasty, 68 knees had patellar
resurfacing and 48 had patellar retention, and the mean fol-
low-up period was 14,8 years. No significant difference was
detected in either clinical or radiological results between
the two groups (14). Another study with medium follow-
up period found patellar resurfacing had no advantage on
knee function and patient satisfaction (15). No significant
difference in functional outcome was detected between pa-
tellar resurfacing and retention in a randomised controlled
trial including 1715 patients (16). There was no significant
difference in Knee Society scores between resurfaced and
nonresurfaced groups, but there was a significant difference
in knee range of motion. Higher values of range of motion
angles were detected in the resurfaced group.

Results of the meta-analysis done by Tang et al., which
compared patellar resurfacing and retention in total knee
arthroplasty with a follow-up period of 1 to 2 years, showed
patellar resurfacing increases the Knee Society Clinical Score
and reduces the reoperation rates (17). There was no sig-
nificant difference in Knee Society scores between groups,
and there was no reoperation in either group in our study.
Proponents of the patellar resurfacing emphasise the low
reoperation rates and low incidence of anterior knee pain
after knee arthroplasty with patellar resurfacing (18, 19).
Theratio of anterior knee pain after patellar resurfacing was
1%-5%, but in the retention group, the anterior knee pain
ratiowas 10%-14% (20, 21). Our results showed 45% anterior
kneepain in the nonresurfaced group, and this result is
higherthan in the literature. The anterior knee pain ratio in
the re-surfaced group is compatible with the literature.

In the results of the study done by Pilling et al., there
was no significant difference in patient satisfaction, infec-
tion rate, anterior knee pain and knee rating systems be-
tween patellar resurfacing and retention, although there
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was a difference in Knee Society Score. However, the re-
operation rate is significantly lower in the patellar resur-
facing group (22). There was no reoperation in our series,
but our follow-up period was short. The short follow-up
period is one the most important restrictions of our study.

Barrack et al. showed as a result of their randomised
controlled study (23) that, postoperatively, the ratio of an-
terior knee pain was 28% with resurfaced patellae, despite
the fact that none of the patients had any anterior knee
pain before the knee arthroplasty procedure. Our results
are not consistent with the results of this study

CONCLUSIONS

Smaller anterior knee pain ratio in the resurfaced group
than in the nonresurfaced group and a significant differ-
ence in range of knee motion are the results of our study.
We offered to resurface the patella.
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ABSTRACT

The purpose of this research is to analyze early and post-
poned complications of the new method to eliminate mesh
implants during full-grown infection process.

The Republican clinical hospital (Russia) was the loca-
tion to carry out a post-hoc analysis of 149 cases on surgical
removal of infected mesh implants for ventral hernias of dif-
ferent localization in the period 2000 to 2017. The control
group were 78 patients who underwent meshes removal with
traditional surgical instruments. The study group included
71 patients, who underwent our method of supra-sonic exci-
sion of the implants.

The duration of surgery in the group of patients subjected
to supra-sonic excision of the implants was significantly lower
(84.3 min vs. 141.5 min) than in the group of traditional sur-
gical techniques. Complications of early postoperative period
was most often registered in the control group: foreign bodies
(92.8% vs. 7.2%), infection (81.8% vs. 18.2%) and bleeding
(87.5% vs. 12.5%). In the long term the recurrence of hernias
in the control group were detected 1.8 times more frequently
for ventral hernias than in the group of supra-sonic excision
of the implants.

Thus, supra-sonic excision of the implant prevents dam-
age to viable tissues of the abdominal wall during the alloca-
tion of the implant and provides a good bactericidal effect,
which promotes normal tissue regeneration and prevents
possible recurrence of the herniation.

Keywords: hernias, suprasonic excision of infected mesh,
early and late outcome
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SAZETAK

Cilj ovog istrazivanja je analiza ranih i odloZenih kom-
plikacija novog metoda za eliminaciju mreznih impantata
tokom celokupnog procesa infekcije.

Republicka klinicka bolnica (Rusija) je predstavijala lo-
kaciju sprovodenje post-hoc analize 149 slucajeva hirurskog
uklanjanja inficiranih mreznih impantata ventralnih kila
razlicite lokalizacije u periodu od 2000. do 2017. Kontrolnu
grupu je Cinilo 78 pacijenata kod kojih je mreZica uklonje-
na tradicionalnim hirurskim instrumenti. Eksperimentalna
grupa se sastojala od 71 pacijenta koji su bili podvrgnuti na-
Sem metodu suprazvucne ekscizije impantata.

Trajanje hirurske intervencije u grupi pacijenata pod-
vrgnutih suprazvucnoj eksciziji implantata znacéajno je bila
niza (84,3 min naspram 141,5 min) nego u grupi u kojoj su
koriséene tradicionalne hirurske tehnike. Komplikacije ra-
nog postoperativnog perioda su najcesce registrovane u kon-
trolnoj grupi: strana tela (92,8% naspram 7,2%), infekcija
(81,8% naspram 18,2%) i krvarenje (87,5% naspram 12,5%).
U pogledu kasnih ishoda ponovna pojava kila u kontrolnoj
grupi je zabeleZena 1.8 puta cesée nego u grupi sa suprazvuc-
nom ekscizijom implantata.

Prema tome, suprazvucna ekscizija implantata preve-
nira osteenja tkiva abdominalnog zida prilikom ugradnje
implantata i pruza dobar baktericidni efekat, sto stimulise
normalnu regeneraciju tkiva i spre¢ava mogucunost ponov-
ne pojave kila.

Kljuc¢ne reci: kila, suprazvucna ekscizija inficirane mre-
ze, rani i kasni ishodi
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INTRODUCTION

Surgical infection that occurs after installing mesh im-
plants in cases of ventral and inguinal hernia, is a serious
problem that does not have a definite approach to its solu-
tion (1). The majority of authors believe that to eliminate
this complication it is necessary to use all existing methods
of conservative therapy (2). However, as practice shows,
these methods are not always efficient, especially when per-
forming radical hernioplasty method “on lay”. Besides, when
it becomes clear that conservative treatment of the wound
infection is ineffective, the mesh implant gets firmly over-
grown by the connective tissue and removing it is a major
challenge (3). By using conventional surgical instruments, in
separation of the foreign body (implant) from the soft tissue
in the area of surgical intervention the surgeon always takes
a risk to resect along with it an unreasonably large amount
of tissue, which often results in the subsequent recurrence
of the hernia. In addition, the operation to eliminate the
implant comes with bleeding that requires hemostasis by
suturing the blood vessels with introducing into the wound
additional foreign bodies (suture), and most likely with leav-
ing the undetected parts of the implant, “disguised” in the
connective tissue and difficult to be discerned (4-6). This
circumstance is unlikely to completely help get rid of wound
infection, which later remind of itself by repeated inflamma-
tory phenomena in the surgery location.

MATERIALS AND METHODS

The Republican clinical hospital (city of Ufa, Russia)
was the location to carry out a post-hoc analysis of 149
cases on surgical removal of infected mesh implants for
ventral hernias of different localization in the period 2000
to 2017. The study was approved by the permission of the
Ethical Committee of the Bashkir State Medical Univer-
sity (city of Ufa, Russia). The necessary condition was to
receive an informed voluntary consent of the patients to
participate in the stated study.

To participate in the study one had to meet the follow-
ing criteria: an infected mesh implant installed for ventral
or inguinal hernia; no effect in relation to conservative

Table 1. The characteristics before surgery according to the procedure

therapy. The study excluded patients with complicated
perioperational period, diagnosed intestinal fistulas and/
or peritonitis, sepsis. The time, from placing the implant
before admission of the patient to the surgical treatment to
its removal, ranged from 3 weeks to 1.5 years, on average it
was equal to 9 months.

Depending on the surgical technique the patients were
divided into 2 groups. The control group (group I) were 78
patients who underwent meshes removal with traditional
surgical instruments. The study group (group II) included
71 patients, which underwent our methodology of supra-
sonic excision of implants (table 1).

The developed method of surgical intervention with
elimination of infected mesh implants is the following. Af-
ter excision of the postoperative scar on the skin along with
fatty tissue within healthy tissue a previously installed im-
plant gets allocated. To do this, it is fixed on the edge with a
mouse-tooth forcets and gets maximum pulled up, and then
it gets separated from the aponeurosis and muscles of the
abdominal wall by destroying the connective tissue adhe-
sions using ultrasound, cavitated by “SONOCA-180" pro-
duced by the “Soring” company (Germany). The ultrasonic
generator produces electrical oscillations at an ultrasonic
frequency which is converted by a piezostrictive transducer
located in the handpiece, into reciprocating motion of the
titanium waveguide with the frequency of the system ultra-
sonic oscillations of 25 kHz. The energy of the ultrasonic
vibrations is transferred to the liquid, supplied through the
central channel into the wave-water, resulting in the above-
mentioned fluid cavitation processes (7).

The surgery technique provides for the devastating ef-
fect of ultrasonic waves on the connective tissue through a
liquid antiseptic - 0.2% solution of aqueous chlorhexidine
of bi-gluconate. For this purpose, 0.2% aqueous chlorhexi-
dine of bigluconate solution is continuously fed between
the installed implant and the abdominal wall during the
entire ultrasonic treatment. The average speed of the ul-
trasonic processing is about 2 cm?/min. The amount of the
used antiseptic solution depends on the size of the wound
surface. During the postoperative period the patients are
provided with a rational antibacterial, analgesic therapy
and prophylaxis of thromboembolic complications, indi-
vidually to each patient (8, 9).

Characteristic Gnro:u; 81, Grrlo:ug II L p
Age, years 30.7 (8.8-84.1) 39.4 (6.1-87.7) 0.037*
Gender, M/F 23/55 20/51 0.653t
Time between operation, month 9.2 (6.5-11.3) 8.4 (7.1-10.2) 0.7*
WBC (10° /uL) 12.3 (4.3-26.5) 13.0 (4.4-36.4) 0.160*
Alb (g/dL) 4.4 (2.8-5.3) 4.4 (2.5-5.3) 0.154*
Neutro. (%) 80.9 (43.0-95.5) 83.6 (27.6-95.5) 0.674*
Lymph (%) 13.0 (3-46) 10.9 (3-57.8) 0.666*

Showing medians and interquartile ranges. *Tested by Mann-Whitney U-test. tTested by Fisher’s exact test. WBC: white cell count, Alb:

Albumin, Neutro: neutrophil, Lymph: lymphocyte.
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Table 2. The outcomes according to the procedure

Characteristic G;O:ug 8L Grrlozu[; II L p
Operation time, min ( 13?_112 3) & 42%'933.7) 0.002*
Bleeding, n (%) 7 (8.9) 1(1.4) 0.035+
Residual fragments of meshes, n (%) 13 (16.6) 1(1.4) 0.003+
Eventration, n (%) 3(3.8) 0(0.0) 0.003+
LHS, days 14 (7-23) 7 (3-18) 0.001*
SOI days 1(0-6) 1(5-14) 0.016*
SSL n (%) 9 (11.5) 2(2.8) 0.044+

Showing medians and interquartile ranges. *Tested by Mann-Whitney U-test. tTested by Fisher’s exact test. LHS: length of hospital stay, SOI:
started an oral intake, SSI: surgical site infection, Clavien-Dindo classification Illa.

Statistical analyses were performed with the SPSS sta-
tistical software package (version 13.0; SPSS Inc., Chicago,
IL). Univariate and multivariate analyses were performed
to clarify the laboratory parameter and clinical factors
most significantly associated with supra-sonic excision and
traditional surgical operation. Univariate analyses, Mann-
Whitney U-test, and Fisher’s exact test were utilized, and
Odds ratios with 95% CI were calculated using logistic re-
gression model analyses. P values of less than 0.05 were
considered to be statistically significant.

RESULTS

The mediana operation time for both groups was 127
minutes. The duration of surgery in the group of patients
subjected to supra-sonic excision of the implants was sig-
nificantly lower (84.3 min vs 141.5 min) than in the group
of traditional surgical techniques.

Among the complications (table 2) of the early postopera-
tive period, the most frequently registered were foreign bod-
ies (fragments of the mesh). The control group showed re-
sidual foreign bodies in 13 patients, which required a total of
17 repeated surgical operations. Herewith two patients had to
undergo the mesh elimination in two stages. The study group
registered only one patient with a residual mesh.

The second most common complication of early post-
operative period was wound infection. In the group of tra-
ditional surgical technique the postoperative wound puru-
lence was registered in 9 patients, in the study group - in
2 patients (81.8 % vs 18.2 %). It should be noted that at the
stage of necrectomy remnants of the mesh were found in
all 9 patients of group I. In group II, the wound infection
was not associated with a foreign body.

Table 3. Recurrence of ventral hernias

. Group 1 Group II
Reherniation (n=78) (n=71) p
Patients, n (%) 11 (14.1) 6 (8.5) 0.002

Showing medians and interquartile ranges. Tested by Fisher’s exact test.

Bleeding and eventration characteristically exhibit less
occurrence for both groups. However, in the group of tra-
ditional surgical technique the bleeding (87,5% for group I
vs 12,5% for group II) happened more often which required
a second surgery. Out of 7 patients of control group only
two patients proved that conservative hemostatic therapy
was effective. It should be noted that eventration was not
registered in the group of patients subjected to supra-sonic
excision of the implants.

In the late postoperative period (5 years), we were able
to examine 137 out of 149 patients: Group I - 68 patients
and group II - 69 patients. Dynamic observation primarily
showed recurrent hernia formation, which was diagnosed
in 46 patients under research (table 3).

Table 3 shows that the hernia recurrence was most fre-
quent with conventional surgical techniques.

In multivariate analysis, bleeding, length of hospital
stay and reherniation were significantly lower in Group II
than in Group I (p=0.035, 0.001 and 0.02, Table 4).

DISCUSSION

According to the data (10) every year more than 20
million patients undergo hernia repair. Just like any inva-
sive intervention hernia repair is associated with several
complications, such as migration of the mesh into the ab-

Table 4. Multivariate analysis clinical and operative factors according to the procedure

Indicators Group I (n=78) Group II (n=71) QOdd ratio 95% CI p
Bleeding, n (%) 7 (8.9) 1(1.4) 2.29 1.04-4.97 0.035
LHS, days 14 (7-23) 7 (3-18) 2.03 1.12-3.71 0.001
Reherniation , n (%) 11 (14.1) 6 (8.5) 2.4 1.09-3.92 0.002

Showing medians and interquartile ranges. Tested by Fisher’s exact test.
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dominal cavity (11, 12), development of persistent seroma
posterior (13-15), development of chronic pain (16, 17),
and surgical infection. Although incisional hernia repair is
classified as a clean surgery, it still has a high incidence of
surgical site infection (SSI) (0.7%-26.6%). The presence of
an SSI could increase early recurrence rates after hernia
repair (18).

To reduce the frequency of complications different au-
thors suggest applying different surgical techniques of her-
nia repair and using different materials (19-21).

The purpose of this research is to develop and assess
advantages of the new method of mesh implants elimina-
tion in cases of full-grown infection process. Tradition-
ally, the meshes installed for ventral hernias, are elimi-
nated using the classic open method of elimination on the
previous access. And our research used the open access
to the mesh, when the initial absence of infection in the
abdominal cavity allows avoiding the spread of this pro-
cess. This technique was justified because, according to
our data the group of the original method to eliminate the
mesh registered the least number of early complications,
including, in addition to wound infection, partial removal
of the mesh and eventrations. Longer operative time and
massive blood loss during operation are another issue
in the comparison of operation techniques. Generally,
those two factors are dependent on surgeon’s experience.
Though most surgical staffs in general has performed ba-
sic and advanced procedures, operating time is long when
performed by inexperienced surgeons, and is shortened
by accumulating experience. Also blood loss is dependent
on surgeon’s skill and on the situation of hernia. In our
study, amount of blood loss and operation time were sig-
nificantly lower in study group.

With regard to the postponed results and, namely,
recurrence of the hernia after mesh is eliminated, Rehm-
an et al. analyzed data from 40 patients, which showed
that after the mesh is eliminated the recurrence rate of
hernia amounted to an average of 5% (22). According to
our data, the recurrence of hernias in the group, where
the mesh is eliminated with ultrasound, was the small-
est. Herewith the control group showed the recurrence
rate which was consistent with Rehman’s findings on the
ventral hernias.

Thus, supra-sonic excision of the implant prevents
damage to viable tissues of the abdominal wall during the
allocation of the implant and provides a good bactericidal
effect, which promotes normal tissue regeneration and
prevents possible recurrence of the herniation.
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ABSTRACT

The investigation was aimed to evaluate the effects of
3-weeks swimming exercise on blood pressure and redox
Status in high-salt-induced hypertensive rats. Male Wistar
albino rats (n=40, 6 weeks old) were divided into 4 groups:
1. hypertensive rats that swam for 3 weeks; 2. sedentary hy-
pertensive control rats; 3. normotensive rats that swam for 3
weeks; 4. sedentary normotensive control rats. Hypertensive
animals were on high concentrated sodium (8% NaCl) solu-
tion for 4 weeks (period of induction of hypertension). After
sacrificing, hearts were isolated and perfused according to
Langendorff technique at gradually increased coronary per-
fusion pressure from 40-120 cmH,O. The oxidative stress
markers were determined in coronary venous effluent: the
index of lipid peroxidation (measured as TBARS), nitrites
(NO,), superoxide anion radical (O,) and hydrogen perox-
ide (H,0,). Swimming did not lead to significant changes in
levels of TBARS, NO,, O, in any of compared groups while
levels of H,O,were significantly higher in swimming hyper-
tensive group comparing to swimming normotensive group
at coronary perfusion pressure of 80-120 cmH,0O. Our results
indicate that the short-term swimming start to reduce blood
pressure. In addition it seems that this type of swimming du-
ration does not promote cardiac oxidative stress damages.

Keywords: hypertension, oxidative stress, swimming, rat
heart

Accepted / Prihvacen: 26. 09. 2017.
SAZETAK

Studija je imala za cilj da ispita uticaj plivanja od tri
nedelje na krvni pritisak i redoks status kod pacova sa hiper-
tenzijom izazvanom visokim unosom soli. Muski Wistar al-
bino pacovi (n=40, 6 nedelja starosti) su podeljeni u 4 grupe:
1. hipertenzivni pacovi koji su plivali 3 nedelje; 2. sedentarni
hipertenzivni kontrolni pacovi; 3. normotenzivni pacovi koji
su plivali 3 nedelje; 4. sedentarni normotenzivni kontrolni
pacovi. Hipertenzivne Zivotinje su 4 nedelje pile visoko kon-
centrovani rastvor natrijuma (8% NaCl). Nakon Zrtvovanja,
srca su izolovana i perfundovana prema Langendorff-ovoj
tehnici pri rastuéem koronarnom perfuzionom pritisku od
40-120 cmH, 0. Parametri oksidativnog stresa su odredivani
u koronarnom venskom efluentu indeks lipidne peroksidacije
(meren kao TBARS), nitriti (NO, ), superoksid anjon radi-
kal (O,) i hidrogen peroksid (H,0,). Plivanje nije dovelo do
znacajnih promena u nivoima TBARS, NO,, O, ni u jednoj
od poredenih grupa dok su nivoi H,0, bili znacajno veci u
grupi hipertenzivnih pacova koja je plivala u poredenju sa
grupom normotenzivnih pacova koja je plivala pri vredno-
stima koronarnog perfuzionog pritiska od 80-120 cmH,0.
Nasi rezultati ukazuju da kratak period plivanja pocinje da
snizava krvni pritisak. Osim toga, cini se da ovaj tip plivanja
ne podstice sréana oStecenja oksidativnim stresom.

Kljuéne reci: hipertenzija, oksidativni stres, plivanje,
srce pacova
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INTRODUCTION

Environmental factors, such as psychological stress, ex-
ercise, and dietary sodium intake, have long been consid-
ered relevant to both the etiology and control of human es-
sential hypertension. Reduction in the stresses of everyday
life, increased levels of exercise, and reduced dietary sodium
intake have been recommend as having a beneficial effect in
controlling arterial blood pressure. Similarly, high levels of
life stress, sedentary lifestyle, and high dietary sodium intake
have frequently been linked to cardiovascular diseases (1, 2).
Hypertension is considered to be major risk factor for coro-
nary heart diseases contributing to morbidity and mortality
worldwide. Importantly, experimental animal studies clearly
demonstrate a well-documented promotion of endothe-
lial dysfunction in hypertension by production of oxidative
stress markers (3, 4). This occurs due to imbalance between
reactive oxygen species (ROS) and antioxidant capacity in
favour of oxidants (5). Therefore, treatment of hypertension
can be focused on oxidative stress as a possible target.

Regular physical exercise has been considered an ef-
fective method which can perform a multitude of ben-
eficial effects for health, such as promotion of health and
lifespan, betterment of quality of life and reduce the inci-
dence of disease (6). In addition it has been published in
some papers that physical exercise lowers blood pressure
(BP) patients with essential hypertension (7) and in male
spontaneously hypertensive rats (SHR) (8, 9). Interestingly,
controversial effects were determined in female SHR (10).
Although the antihypertensive mechanisms of exercise are
not completely understood yet, numerous mechanisms are
supposed to be involved in reduction of BP while exercis-
ing such as decrease in levels of angiotensin II and meliora-
tion of nitric oxide (NO) production (11), higher concen-
tration of the plasmatic atrial natriuretic peptide (8), lower
production of oxidative stress markers (12). Changes in
redox status caused by swimming represent modification
in an antioxidant enzyme, alters muscle gene expression
thus contributing to exercise-induced adaptations to skel-
etal muscle. However, it should be taken into consideration
that various factors influence the oxidative stress response
to swimming training, such as type of exercise, intensity,
duration, gender and age of athletes etc (13). Physical ex-
ercise may be of potential importance for prevention or
treatment of hypertension or hypertension-associated pat.

In recent years there are increased interest on effects of
short time physical load on cardiovascular system. Therefore,
the objective of this investigation was to explore effects of
short-term exercise training on BP and oxidative stress pa-
rameters in a rat model of high-salt-induced hypertension.

MATERIAL AND METHODS
Ethical approval

The study was performed in the laboratory for the car-
diovascular physiology of the Faculty of Medical Sciences,

320

University of Kragujevac, Serbia. It was approved by Ethi-
cal committee of the Faculty, and performed according to
the Faculty’s rules for the welfare of laboratory animals,
which are in consent with Good laboratory practice and
European Council Directive (86/609/EEC).

Animals and high-salt-induction of hypertension
Forty male Wistar albino rats, body weight between
180 and 200 g (at the beginning of the experiment), six
weeks old (obtained from the Military Medical Academy,
Belgrade, Serbia) were housed under controlled environ-
mental conditions, with a temperature of 22+2 °C and a
12-h light/dark cycle. The rats had ad libitum access to
food and tap water or NaCl soluted in water (8% solution).
At 6 weeks old rats were randomly divided into the fol-
lowing groups (10 animals per group):
1. hypertensive rats that swam for 3 weeks (S-HTA-3);
2. sedentery hypertensive control rats (HTA-3);
3. normotensive rats that swam for 3 weeks (S-NTA-3);
4. sedentery normotensive control rats (NTA-3).

Hypertensive animals were on high sodium (8% NaCl
solution) diet for 4 weeks (period of induction hyperten-
sion), and this animals did not drink tap water during the
experimental protocol.

BP was monitored before (initial values), after period
of induction hypertension (confirmation of hypertension)
and after the training period (assessment of the impact of
swimming on hypertension).

Swimming training protocol

Rats swam in a specially constructed swimming pool
made of glass (80x60x100 c¢cm) in which water tempera-
ture (37 £ 1 °C) was maintained by an electric heater, and
a pump continuously made waves in order to prevent rats
from floating. The training protocol was conducted dur-
ing the same period of the day (8:00—10:00 am) for all the
training sessions. The first week consisted of an adapta-
tion period, initiated with 10 min of continuous swimming
training on the first day. Swimming time was increased
daily until reaching 60 min at the end of the fifth day. From
the second week, the exercise duration was kept constant
(60 min/day, 5 days/week) with 2 days of rest. Rats from
the control group were put in water for 1 min a day, 5 days
a week, in order to achieve the water-induced stress effect.
This was maintained until the end of the training period,
which lasted 3 weeks. To avoid effects related to acute ex-
ercise, animals rested for 48 h before being sacrificed for all
additional procedures. The swimming was continuously
supervised. Body weight was monitored weekly.

Hemodynamic parameters determination

Systolic BP (SBP), diastolic BP (DBP), mean arterial
pressure (MAP) and heart rate (HR) were evaluated in
conscious rats before and after period of induction of hy-
pertension and after the training or sedentary period and
was determined by an indirect tail-cuff method (IITC Life



Science, Inc., USA). Animals were restrained for 5-10 min
and conditioned to the procedure with cuff inflation-defla-
tion cycles. The results of three stable measurements of BP
were averaged.

Isolated rat heart preparation

The hearts of male Wistar albino rats (n=40, 10 in each
experimental subgroup) were excised and retrogradely
perfused according to Langendorff technique (Experime-
tria Ltd,1062 Budapest, Hungary). After a short-term nar-
cosis induced by intraperitoneal application of ketamine
(10 mg/kg) and xylazine (5 mg/kg), animals were sacri-
ficed by cervical dislocation (Schedule 1 of the Animals/
Scientific Procedures, Act 1986, UK), and premedicated
with heparin as an anticoagulant. After emergency thora-
cotomy and rapid cardiac arrest by superfusion with ice-
cold isotonic saline, hearts were rapidly excised, the aortas
were cannulated and retrogradely perfused at gradually
increased coronary perfusion pressure (CPP) from 40 to
120 cmH, O in order to establish coronary autoregulation.

The composition of the non-recirculating Krebs-
Henseleit perfusate was as follows (mM): NaCl 118, KCI
4.7, CaCI x2H,0 2.5, MgSO,x7H,0 1.7, NaHCO, 25, KH-
,PO, 1.2, glucose 11, pyruvate 2, equilibrated with 95 % O
plus 5% CO, and warmed to 37 °C (pH 7.4).

2

Biochemical analysis

Samples of coronary venous effluent were collected
on each value of perfusion pressure (40-120 cmH,O). The
following parameters of oxidative stress were determined
spectrophotometrically (UV-1800 Shimadzu UV spectro-
photometer, Japan): the levels of index of lipid peroxida-
tion, measured as thiobarbituric acid-reactive substances
(TBARS), nitrites (NO,"), superoxide anion radical (O,")
and hydrogen peroxide (H,0,).

Determination of index of lipid peroxidation (TBARS)

The degree of lipid peroxidation in the coronary ve-
nous effluent was estimated by measuring TBARS, using 1
% thiobarbituric acid in 0.05 NaOH, which was incubated
with the coronary effluent at 100 °C for 15 min and mea-
sured at 530 nm. Krebs—Henseleit solution was used as a
blank probe (14).

Determination of nitrites (NO,")

Nitric oxide decomposes rapidly to form stable nitrite/
nitrate products. The nitrite level (NO,") was measured
and used as an index of nitric oxide (NO) production,
using Griess’s reagent. A total of 0.5 ml of perfusate was
precipitated with 200 pl of 30 % sulpho-salicylic acid, vor-
texed for 30 min, and centrifuged at 3000 x g. Equal vol-
umes of the supernatant and Griess’s reagent, containing
1 % sulphanilamide in 5 % phosphoric acid/0.1 % naph-
thalene ethylenediaminedihydrochloride were added and
incubated for 10 min in the dark and measured at 543 nm.
The nitrite levels were calculated using sodium nitrite as
the standard (15).

Determination of hydrogen peroxide (H,0,)

The measurement of the level of hydrogen peroxide
(H,O,) was based on the oxidation of phenol red by hydro-
gen peroxide in a reaction catalyzed by horseradish peroxi-
dase (HRPO). Two hundred microliters of perfusate was
precipitated using 800 ml of freshly prepared phenol red
solution; 10 pl of (1:20) HRPO (made ex tempore) was sub-
sequently added. For the blank probe, an adequate volume
of Krebs—Henseleit solution was used instead of coronary
venous effluent. The level of H,O, was measured at 610
nm (16).

Determination of superoxide anion radical (0,")

The level of the superoxide anion radical (O,) was
measured via a nitro blue tetrazolium (NBT) reaction in
TRIS buffer with coronary venous effluent, at 530 nm.
Krebs—Henseleit solution was used as a blank probe (17).

Statistical analysis

Complete statistical evaluation was performed with
SPSS Statistics 18. Normality of parameter distribution
was checked with the Kolmogorov—Smirnov test. Mann—
Whitney U test was used for comparison of groups. Sta-
tistic p values less than 0.05 were considered to be statisti-
cally significant.

RESULTS

Body weight weight

The mean values of body weight of S-HTA-3 and S-
NTA-3 rats and their controls did not significantly differ
throughout the first week of research, while the values of
body weight of S-HTA-3 compared to S-NTA-3 rats were

—a— §-HTA-3 ------HTA-3
200 - —&— §-NTA-3 ---e---NTA-3
- 600 -
% 500 -
‘5400 .
=)
B 300 -
£ 200 -
[=]
Q100 - # # u # # #
0
1 2 3 4 5 6 7
Weeks

Fig. 1 - Mean body weight of hypertensive and normotensive rats. The
values are represented as mean + SD. S-HTA-3- hypertensive rats that
swam for 3 weeks; HTA-3-sedentery hypertensive control rats; S-NTA-3-
normotensive rats that swam for 3 weeks; NTA-3-sedentery normoten-
sive control rats. * statistical significance between S-HTA-3 vs S-NTA-3;
# statistical significance between HTA-3 vs NTA-3.
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Table 1. The average values of hemodynamic parameters of hypertensive and normotensive rats that swam for three weeks and their controls in last week

Hemodynamic parameters
Groups
SBP (mmHg) DBP (mmHg) MAP (mmHg) HR (bpm)
S-HTA-3 196,37 + 6,87 *P 104,31 + 7,12 ** 137,68 + 6,64 ** 330,19 + 19,27
HTA-3 205,69 + 7,19 115,81 + 8,73 142,23 + 7,12 325,17 + 14,37
S-NTA-3 120,01 + 4,27 80,18 + 6,45 92,03 + 6,75 339,28 + 17,21
NTA-3 123,98 + 6,15 83,23 + 7,65 96,13 + 4,27 327,48 £ 16,57

Data are means + SD. SBP, systolic pressure; DBP, diastolic pressure; MAP, mean arterial pressure; HR, heart rate. Statistical significance was consid-
ered for a p value less than 0.05 (*p<0.05); ®p < 0.05- S-HTA-3 vs. HTA-3;%p < 0.05- S-HTA-3 vs. S-NTA-3; S-HTA-3- hypertensive rats that swam for 3
weeks; HTA-3-sedentery hypertensive control rats; S-NTA-3- normotensive rats that swam for 3 weeks; NTA-3-sedentery normotensive control rats.

significantly higher from the second week to the end of the
study (II week - p = 0.043; III week - p = 0.033; IV week - p
= 0.028; week - p = 0.028; VI week - p = 0.028; VII week - p
= 0.011). The mean values of body weight of hypertensive
controls compared to normotensive controls were signifi-
cantly higher from the second week to the end of the study
(IT week - p = 0.033; III week - p = 0.023; IV week - p =
0.018; V week - p = 0.018; VI week - p = 0.008; VII week - p
= 0.008) (Figure 1).

Hemodynamic parameters

Initial levels of BP (period of induction of hyperten-
sion) were not different between the groups (average value
115.58/82.340 + 8.14/5.18). After 4 weeks of treatment with
high salt water, hypertension was confirmed in hyperten-
sive groups (198.85/114 + 9.31/6.23). There was significant
differences between HTA-3 and S-HTA-3 group in values
of SBP, DBP, MAP. The value of pressures (SBP, DBP, MAP)
in S-HTA-3 rats were significantly higher compared with
S-NTA rats, while there were no difference in values of HR
between groups (Table 1).

Oxidative stress parameters

Parameters of oxidative stress in coronary effluent at
different coronary perfusion pressures in swimming and
sedentary hypertensive and normotensive rats are shown in
Figures 2-5, statistical significance is presented in Table 2.

There were no significant differences in values of TBARS,
NO, and O, between the groups (swimming vs sedentary
and normotensive vs hypertensive) (Figures 2-4).

Comparing S-HTA-3 and S-NTA-3 with sedentary
groups significant changes was not observed in values of
H,O, (Figure 5). Significantly higher levels of H,O, was
noticed in S-HTA-3 group comparing to S-NTA-3 group
at CPPs (80 cmH,O - p=0.049, 100 cmH,O - p=0.037, 120
c¢cmH,O - p=0.029).

DISCUSSION

First research that was conducted in 1978, gave infor-
mation about the association between exercise and oxida-
tive stress (18). After many investigations in this field, it was

Table 2. Significance in level of oxidative stress parameters between hypertensive and normotensive rats who swam for three weeks at different values

of coronary perfusion pressures

(055[1:0) O, (nmol/min/g wt) NO (nmol/min/g wt)

S-HTA-3vs. | S-NTA-3vs. S-HTA-3 vs. HTA-3vs. | S-HTA-3vs. | S-NTA-3 vs. S-HTA-3 vs. HTA-3 vs.

HTA-3 NTA-3 S-NTA-3 NTA-3 HTA-3 NTA-3 S-NTA-3 NTA-3

40 p>0,050 p>0,050 p>0,050 p>0,050 p>0,050 p>0,050 p>0,050 p>0,050
60 p>0,050 p>0,050 p>0,050 p>0,050 p>0,050 p>0,050 p>0,050 p>0,050
80 p>0,050 p>0,050 p>0,050 p>0,050 p>0,050 p>0,050 p>0,050 p>0,050
100 p>0,050 p>0,050 p>0,050 p>0,050 p>0,050 p>0,050 p>0,050 p>0,050
120 p>0,050 p>0,050 p>0,050 p>0,050 p>0,050 p>0,050 p>0,050 p>0,050

H,0, (nmol/min/g wt) TBARS (pmol/min/g wt)

S-HTA-3vs. | S-NTA-3vs. S-HTA-3 vs. HTA-3 vs. S-HTA-3vs. | S-NTA-3 vs. S-HTA-3 vs. HTA-3 vs.

HTA-3 NTA-3 S-NTA-3 NTA-3 HTA-3 NTA-3 S-NTA-3 NTA-3

40 p>0,050 p>0,050 p>0,050 p>0,050 p>0,050 p>0,050 p>0,050 p>0,050
60 p>0,050 p>0,050 p>0,050 p>0,050 p>0,050 p>0,050 p>0,050 p>0,050
80 p>0,050 p>0,050 p=0,049 p>0,050 p>0,050 p>0,050 p>0,050 p>0,050
100 p>0,050 p>0,050 p=0,037 p>0,050 p>0,050 p>0,050 p>0,050 p>0,050
120 p>0,050 p>0,050 p=0,029 p>0,050 p>0,050 p>0,050 p>0,050 p>0,050

S-HTA-3- hypertensive rats that swam for 3 weeks; HTA-3-sedentery hypertensive control rats; S-NTA-3- normotensive rats that swam for 3 weeks;

NTA-3-sedentery normotensive control rats.
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Fig. 2- Effects of 3 weeks of swimming on TBARS levels of hyperten-
sive and normotensive rats. The values are represented as mean + SD.
S-HTA-3- hypertensive rats that swam for 3 weeks; HTA-3-sedentery
hypertensive control rats; S-NTA-3- normotensive rats that swam for 3
weeks; NTA-3-sedentery normotensive control rats. *statistical signifi-
cance at the level of p < 0.05 is shown in Table 2.
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Fig. 4- Effects of 3 weeks of swimming on O, levels of hypertensive and
normotensive rats. The values are represented as mean + SD. S-HTA-3-
hypertensive rats that swam for 3 weeks; HTA-3-sedentery hypertensive
control rats; S-NTA-3- normotensive rats that swam for 3 weeks; NTA-
3-sedentery normotensive control rats. *statistical significance at the
level of p < 0.05 is shown in Table 2.

described that increased aerobic meabolism is prospective
sourse of oxidative stress during anaerobic exercise (19).
Futrhermore, aerobic exercise has been shown to be effec-
tive in a significant reduction of ROS and in decrease of the
occurrence of ROS associated diseases, including hyper-
tension (20). Although many studies aimed to determine
the influence of tredmill or cycle ergometer exercise on
oxidative stress markers (21), our aim was to examine the
effects of short-term swimming exercise considering that
swimming has been proposed as a convenient model for
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Fig. 3- Effects of 3 weeks of swimming on NO,levels of hypertensive and
normotensive rats. The values are represented as mean + SD. S-HTA-3-
hypertensive rats that swam for 3 weeks; HTA-3-sedentery hypertensive
control rats; S-NTA-3- normotensive rats that swam for 3 weeks; NTA-
3-sedentery normotensive control rats. *statistical significance at the
level of p < 0.05 is shown in Table 2.
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Fig. 5- Effects of 3 week of swimming on H,0, levels of hypertensive and
normotensive rats. The values are represented as mean + SD. S-HTA-3-
hypertensive rats that swam for 3 weeks; HTA-3-sedentery hypertensive
control rats; S-NTA-3- normotensive rats that swam for 3 weeks; NTA-
3-sedentery normotensive control rats. *statistical significance at the
level of p < 0.05 is shown in Table 2.

identifying the physiological, biochemical and molecular
responses to acute exercise training and the adaptations to
chronic exercise training (22, 23).

Due to the fact that numerous patients choose a non-
weight-bearing physical activity such as swimming, it is
important to determine if this kind of practice has poten-
tial antihypertensive effects (24). Regular physical activity
contributed in reduction of elevated BP in hypertensive pa-
tients and hypertensive animals in which hypertension was
induced by N(w)-nitro-L-arginine methyl ester (L-NAME)
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(25, 26), deoxycorticosterone acetate (DOCA) (27) as well
as in spontaneously hypertensive (28), Dahl saltsensitive
and salt-resistant rats (29).

Taken together, these studies suggest the beneficial
effects of aerobic training upon arterial blood pressure
which seems to be intensity-dependent (28, 30). Our find-
ings are in accordance with previous work that showed de-
crease in arterial pressure and MAP after four and eight
weeks of a swimming program in spontaneously hyper-
tensive rats (31-33). Nevertheless, it is important to rec-
ognize that even a 5-6 mmHg decrease in arterial blood
pressure which is similar to that observed in our study can
be associated with a approximately 42% reduction in stroke
incidence and a approximately 14% reduction in coronary
heart disease as noted in several epidemiologic studies
(34). Significant reduction of SBP, DBP and MAP in our
study proved that swimming training can be prescribed
to patients with hypertension as a non-pharmacological
treatment. Reason for reduction of BP may be due to lower
sympathetic activity induced by physical activity which can
be a consequence of progression of arterial baroreflex and
chemosensitive cardiopulmonary baroreflex sensitivity in
SHR. In present study swimming also led to maintenance
of body weight in hypertensive rats which certainly con-
tributed to reduction of BP (35).

A link between hypertension and oxidative stress is well
established. Redox imbalance, increased bioavailability of
ROS or/and decreased antioxidant capacity has been dem-
onstrated both in humans and animals (36). However the
presence of oxidative stress within the myocardium have
been very poorly investigated. Therefore we sought to assess
the changes in cardiac oxidative stress parameters of hyper-
tensive rats after short-term swimming or sedentary period.

Analysis of parameters that we determined in the coro-
nary venous effluent during coronary autoregulation refers
to the oxidative stress in the endocardium of the left ven-
tricle. Our data have shown that values of pro-oxidant mark-
ers such as TBARS, NO,, O, were not affected by 3 weeks
swimming protocol. According to Claudio et al excercise
training prevented the increase of ROS production in ovari-
ectomized hypertensive rats demonstrating increased ex-
presion of antioxidative enzymes. Potential explanation for
non excessive production of ROS besides above mentioned
mechanism, may also be lower electron leakage from mito-
chondria or chronic exposure of tissue to ROS, induced by
training, which makes the organ more resistant to the effects
that derive from the mechanisms of oxidative stress (37).

On the other hand, investigation conducted on hy-
pertensive rats trained 6 weeks showed that exercise lead
to significant reduction of TBARS values in serum when
compared to sedentary group. Also significant decrease
of NO was noticed in sedentary hypertensive group but
level of NO increased in trained hypertensive group (38).
Furthermore, Bertagnolli and co-workers noticed similar
changes in favor of lipid peroxidation in 10 weeks trained
SHR group. These significant changes in ROS release may
be due to longer duration of physical load (39).
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Surprisingly, none of the researchers has not dealed
with determination of H,0, levels in hypertensive physi-
caly active subjects. We noticed that levels of H,O, were
significantly higher in S-HTA-3 group comparing to S-
NTA at CPP of 80-120 cmH,O. Other researchers mea-
sured tissue total oxidant status (TOS) in heart tissue and
expressed their results in terms of micromolar hydrogen
peroxide equivalent per liter (Imol H,0O, equiv/L/mg pro-
tein). Their observation was that hypertensive animals
had higher tissue oxidative stress levels than normoten-
sives (40). Assumption for high concentration of hydro-
gen peroxide in hypertensive swimming rats may be ac-
tivation of angiotensin II probably through angiotensin
AT1 receptor-dependent stimulation of NADPH oxidase
(Nox) enzymes (41).

On the basis of all mentioned above it can be assumed
that the most important determinating factors of exrcise
induced modification of cardiac oxidative stress can be du-
ration and/or intensity.

CONCLUSION

Our results clearly indicate that reduction of BP may
start after 3™ week of training. In addition it seems that
duration of three weeks of swimming does not promote
cardiac oxidative stress damages. These findings could be
one step closer for better understanding of short-time ex-
ercise on blood preassure and oxidative stress of the heart.
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ABSTRACT

Depression is the most frequent mental health problem
in older age with serious consequences on personal, interper-
sonal and social level. The aim of this study was to determine
the association of demographic factors, socio-economic fac-
tors and health status characteristics, with the presence of
depressive symptoms in the elderly persons. The survey was
conducted as a part of the national study “Health Survey of
the Serbian population” in 2013. Data on the population
aged 65 years and over were used for the purposes of this
study (3540 respondents). PHQ-8 questionnaire was used to
assess the presence of symptoms of depression. The relations
between the presence of depressive symptoms, as a depen-
dent variable, and a set of independent variables was ex-
amined by univariate and multivariate logistic regressions.
Depression (PHQ-8 score=10) was registered in 10% of the
population aged 65 and above, wherein it was statistically
significantly higher in women (12.7%) than in men (6.5%).
Limitations in performing of daily activities showed to be
the strongest predictor of depression in the elderly, while re-
spondents who have had serious limitations had even six
times more chanse to develop depression (OR=6.84). Respon-
dents who rated their health as “bad or very bad” for 49.5%
more frequently manifested depressive symptoms compared
to those who evaluated their health as “very good or good”
(OR=3.49). Respondents who have had two or more chron-
ic diseases were three times more likely to have depression
(OR=3.1) compared to people without chronic disease.

Keywords: depression, elderly adults, risk factors, na-
tional health survey
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SAZETAK

Depresija je jedan od najcescéih problema mentalnog
zdravija u starijoj Zivotnoj dobi sa ozbiljnim posledicama na
licnom, meduljudskom i drustvenom nivou. Cilj ovog istrazi-
vanja je bio da se utvrdi povezanost demografskih, socio-eko-
nomskih faktora i karakteristik zdravstvenog stanja sa
prisustvom depresivnih simptoma kod starih osoba. Istrazi-
vanje je sprovedeno kao deo nacionalne studije “IstraZivanje
zdravija stanovnistva Srbije” 2013. godine. Za potrebe ove
studije koriséeni su podaci o populaciji starijih od 65 godina.
Za procenu prisustva simptoma depresije je koriséen PHQ-
8 upitnik. Povezanost prisustva depresivnih simptoma, kao
zavisne varijable i skupa nezavisnih varijabli ispitivana je
univarijantnom i multivarijantnom logistickom regresijom.
Depresija (PHQ-8 skor>10) je registrovana kod 10% stanov-
nistva starosti 65 i vise godina pri emu je statisticki znacaj-
no bila veéa kod zZena (12.7%) u odnosu na muskarce (6.5%).
Kao najjaci prediktor pojave depresije kod starijih osoba,
kada je u pitanju zdravstveno stanje izdvaja se ogranicenost
u obavljanju svakodnevnih aktivnosti, pa su ispitanici koji su
imali ozbiljna ogranicenja imali éak Sest puta veéu sansu za
pojavu depresije (OR=6.84). Ispiatnici koji su svoje zdravlje
ocenili kao “lose ili veoma lose” su za 49.5% cesce ispoljavali
depresivne simptome u poredenju sa onima koji svoje zdrav-
lje ocenjuju kao “veoma dobro ili dobro” (OR=3.49). Ispitani-
ci koji su imali dve ili vise hronicnih bolesti su imali tri puta
veéu Sansu da imaju depresiju (OR=3.1) u odnosu na osobe
bez hronicnih bolesti.

Kljucne reci: depresija, stare osobe, faktori rizika, naci-
onalno istraZivannje zdravija
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INTRODUCTION

Depression is the most frequent mental health problem
in older age (1) with serious consequences on personal, in-
terpersonal and social level (2). At least one in ten people
aged 65 or more have significant symptoms of depression
(3). Depressive disorders significantly impair quality of
life and social functioning in diseased person, increasing
overall morbidity and disability (4), causing significant so-
cial and economic consequences (5), threatening primarily
women (6) and persons of lower socioeconomic status (7).
It is also an independent predictor of mortality and is the
leading cause of suicide in elderly adults, which is present
in approximately 85% of elderly adults who have died by
suicide (2).

Depression results from a complex interaction of genet-
ic, biological, physiological and social factors (8). Changes
characteristic for an old age and meny stressful events that
occur more often in older age, such as chronical medical
conditions, physical or cognitive functional decline, lim-
ited mobility, loss of independence, retirement, financial
difficulties, isolation, death of a spouse or friend, loss of
social support, contribute to the worsening of life perspec-
tive and depression (9,10). Most authors consider that risk
factors simultaneously affect a person’s vulnerability for
the development of depression, and that this vulnerability
varies depending on the interaction between some factors,
as well as on the life circumstances of each individual (11).
Depression often occurs in conjunction with other mental
disorders and physical illnesses and is often undiagnosed
and untreated, because it is considered that the depression
is common and natural reaction to the changes that older
age brings (9,12).

The global burden of depression is on the rise, which
is mainly attributed to the aging of the population and to
the growing number of people with physical and mental
diseases which are often accompanied by depressive disor-
ders. If current trend continues, according to the WHO es-
timations, by the year of 2030 depressive disorders are go-
ing to become the leading diagnostic category among the
causes of disease burden worldwide, primarily in middle
and higher income countries (13).

The aim of this study was to determine the associa-
tion of demographic factors, socio-economic factors and
health status characteristics, with the presence of depres-
sive symptoms in the elderly persons.

METHODS

Study population and sample

The survey was conducted as a part of the national
study “Health Survey of the Serbian population” in 2013, by
mass interviewing a random, representative sample of the

population of Serbia. The survey was conducted accord-
ing to the model of cross-sectional study in the Republic of
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Serbia and it did not include the population living on the
territory of Kosovo and Metohija. The target population
did not include persons living in collective households and
institutions. The survey was conducted in accordance with
the methodology and instruments of the European Health
Survey - Second Wave (European Health Interview Survey
- EHIS wave 2) (14). It was implemented by the Ministry of
Health of the Republic of Serbia.

The sample consisted of all households listed in all enu-
meration areas in census conducted in 2011. The mecha-
nism used to obtain the random sampling of the respon-
dents and households was a combination of two sampling
techniques: stratification and a multi-stage sampling. A
stratified two-stage sample of the population of the Re-
public of Serbia has been chosen in such a way to provide
a statistically reliable assessment of the indicators that in-
dicate the health status of the population at the national
level, as well as at the level of 4 geographic areas (Vojvo-
dina, Belgrade, Shumadija and Western Serbia, Southern
and Eastern Serbia) identified as the main strata in the
sample. Their further division into urban and rural areas
resulted in a total of 8 strata. In the first stage, a total of 670
enumeration areas was selected. The households were the
units of the second stage. Within each enumeration area,
10 addresses were selected (+3 spare addresses) inhabited
by households to be interviewed. Out of total 10,089 house-
holds contacted, 6500 of them agreed to participate in the
survey, so that the response rate of households was 64.4%.
Of the total of 16,474 registered household members aged
15 years and over, 14,623 of them agreed to be interviewed,
giving a response rate of 88.9%. Out of this number of peo-
ple who agreed to be interviewed, 13,756 of them accepted
to fill in the questionnaire (response rate 94.1%). Data on
the population aged 65 years and over were used for the
purposes of this study (3540 respondents).

Instruments

The questionnaires constructed in accordance with the
questionnaire created by the European health research- the
second wave (wave EHIS 2) (14), defined by internationally
accepted indicators and adapted to the particularities of
the area, were used as the instruments in this research (15).

To assess the presence of symptoms of depression, a
Patient Health Questionnaire-8 (PHQ-8 questionnaire)
containing eight questions which relate to the following
physical problems was used: a reduction of interest or of
feeling of pleasure in performing the activities; discourage-
ment, melancholy, hopelessness; sleep problems (trouble
falling asleep, sleeping in a continuity or too much sleep);
a feeling of fatigue or lack of energy; reduced or increased
appetite; feeling bad about themselves, feeling of failure,
disappointment of themselves or of their families (feeling
of worthlessness or of excessive or inappropriate guilt);
difficulties with concentration during the activities such as
reading a newspaper or television viewing (decreased abil-
ity to think or to concentrate, or ambiguities - estimated



subjectively or by others); slowed movement or speech, or
otherwise, psychomotor restlessness that caused that they
were moving more than usual (observed by others, and not
just a subjective feeling).

Based on questions from the PHQ-8 questionnaire,
respondents answered how often they were bothered by
any of these mental health problems during the previous
two weeks. Possible answers were “not at all’, “a few days’,
“more than 7 days” and “almost every day”. Responses to
each question were evaluated using the score of 0 (“not at
all”), 1 (“a few days”), 2 (“more than 7 days”) and 3 (“almost
every day”), and after gathering points for each answer, the
total score obtained the values that ranged from 0 to 24.
The score values 0 to 4 indicate the absence of symptoms
of depression, a score of 5 to 9 denotes mild depressive
symptoms (subsyndromal depression), and values close to
10 and more clearly indicate a high probability of the exis-
tence of a depressive episode (depression), which is further
qualified as moderate (score 10 to 14), moderately severe
(score 15 to 19) and severe depressive episodes (score of
20 and above). Based on the value of the 8-PHQ score,
the patients were divided into one of the 3 categories: no
symptoms of depression, depressive symptoms are mild
(subsyndromal depression) and a depressive episode (de-
pression) (16).

Following variables were used in the study: demograph-
ics (gender, age, marital status and type of settlement),
socio-economic (education level, employment status and
financial status), diverse dimensions of health (self-as-
sessment of health, limitations in activities of daily living
(ADL), chronic diseases and presence of pain) and social
support.

Social support score (Oslo-3 Social Support Scale) was
formed on the basis of three questions from the question-
naire and assigning a certain number of points for each an-
swer: “How many people are so close to you that you can
count on them when you have serious personal problems?”
(Points ranging from 1 ( “None”) to 4 ( “6 or more”)), “How
many people are really interested in you, in what you are
doing, or in what is going on in your life?” (scores rang-
ing from 1 (“not interested at all”) to 5 (“very interested”)),
“How easy is for you to get practical help from neighbors
if you have a need for it?” (The number of points ranges
from 1 (“very difficult”) to 5 (“very easy”)). After collecting

points, the scores of social support were formed: a strong
social support (12-14 points), moderate (9-11 points) and
bad (3-8 points) (17).

Statistical analysis

All the data of interest were presented and analyzed by
adequate mathematical-statistical methods appropriate
for the data type. The Chi-square test was used to compare
proportions between groups. The t-test was used to com-
pare continuous variables between groups. All the results
where the probability is less than 5% are considered to be
statistically significant. The relations between the pres-
ence of depressive symptoms, as a dependent variable, and
a set of independent variables was examined by univariate
and multivariate logistic regressions. Univariate logistic
regression models were used to examine the associations
between potential factors and the depressive symptoms.
Variables that were statistically significant (p< 0.05) were
further examined in multivariable logistic regressions.
The unadjusted odds ratios (ORs) with their correspond-
ing 95% confidence intervals (Cls) were also obtained. All
statistical calculations were performed using commercial,
standard software package SPSS, version 18.0. (The Statis-
tical Package for Social Sciences software (SPSS Inc, ver-
sion 18.0, Chicago, IL)).

RESULTS

Depression (PHQ-8 score > 10) was registered in 10%
of the population aged 65 and above, wherein it was statis-
tically significantly higher in women (12.7%) than in men
(6.5%) (X°=95.294, p<0,001). In relation to the subcatego-
ries of depression, largest percentage of respondents had
moderate depressive episode (5.8%), and severe depression
was detected in 1.6% of the respondents. Mild depressive
symptoms (subsyndromal depression) were present in ev-
ery fifth women (21.2%) and every eighth man (12.7%).
The average value of the 8-PHQ score was 3.5 and it was
statistically significantly higher among women (4.1) than
in men (2.6) (t=-10.493, p<0,001) (Table 1).

Among the subjects who have had major depressive
episode, every second had moderate depressive episode

Table 1. Prevalence of depression in the population aged 65 and over by gender

PHQ-8 scor Females Males Total b
n % n % n %
0-4 (none depressive) 1330 66.1 1235 80.8 2656 72.5
5-9 (mild depresive) 427 21.2 194 12.7 621 175 <0.001
10-24 (depressive episode) 255 12.7 99 6.5 354 10.0
10-14 (moderate) 149 7.4 56 3.7 205 5.8
15-19 (moderately severe) 65 3.2 28 1.8 93 2.6
20-24 (severe) 41 2.1 15 1.0 56 1.6
Average value of score 2.6 41 35 <0.001
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Table 2. Prevalence of depression and demographic and socio-economic characteristics of the respondents

No symptoms of

M f
oderate symptoms o Depressive episode

PHQ-8 scor depression depression p*

n % n % n %
Age (years)
65-74 1501 76.8 315 16.1 139 7.1
75-84 945 68.2 271 19.6 169 12.2 <0.001
85+ 119 59.5 35 17.5 46 23.0
Marital status
Single 26 60.5 9 20.9 8 18.6
Married 1521 72.4 309 15.7 135 6.9
Widowed 943 66.2 284 19.9 198 13.9 <0.001
Separated/Divorced 75 70.1 19 17.8 13 12.1
Education
Elementary school or lower 1269 64.9 425 21.7 262 13.4
Middle school 881 79.8 154 13.9 69 6.3 <0.001
High school/College or higher 415 86.5 42 8.8 23 4.8
Employment status
employed 229 59.8 105 27.4 49 12.8
unemployed 68 67.3 16 15.8 17 16.8 <0.001
inactive 2268 74.2 500 16.4 288 9.4
Well-being index
Poor class 1321 66.9 409 20.7 245 12.4
Middle class 469 74.3 104 16.5 58 9.2 <0.001
Rich class 757 83 108 11.6 51 5.5
Place of residence
Urban 1471 77.3 283 14.9 149 7.8

<0.001

Rural 1094 66.8 338 20.6 205 12.5
Social support
strong 25 80.6 3 9.7 3 9.7
moderate 291 61.8 96 20.4 84 17.8 <0.001
poor 1849 60.8 522 18.2 667 21.9

* Chi-square test

(57.9%), 26.3% had a moderately severe, and 15.8% had
severe depressive episode, with no statistically significant
differences between genders. In patients with depressive
episode, the most common symptoms that lasted more
than seven days, or were present almost every day, were
a feeling of fatigue or lack of energy (90.7%), sleep prob-
lems (75.7%), feelings of discouragement and hopelessness
(66.5%).

The prevalence of depression continuously increases
with age and it was highest among respondents aged 85
and over (23%), which is three times higher prevalence in
relation to the age group of 65-74 years (7.1%) (X*=75.44,
p<0.001). In terms of marital status, the results showed
that the lowest percentage of depression was among re-
spondents who were married or cohabiting (6.9%). The
highest number of depressed persons was among those
who have never been married or cohabiting (18.6%)
(X°=68.49, p<0.001). In the relation to the education de-
gree, the prevalence of depressive episodes was the highest
in the category of the least educated persons (13.4%), and
every forth respondent with primary or lower level of edu-
cation (21.7%) had mild depressive symptoms (x*=136,61,
p<0.001). Between the well-being index and the prevalence
of depression, there was an inverse association, so the
percentage of depressed patients was the highest among
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the poor (12.4%) (x*=84.84, p<0.001). When it comes to a
place of residence, a significantly higher percentage of sub-
jects with depression is present in the rural areas (12.5%),
compared to the urban areas (7.8%) (x*=49.43, p<0.001).
Among respondents who have had a strong social support,
more than 90% of them didn‘t have symptoms of depres-
sion, while among those with a low score of social support
every fifth respondent was depressed (21.9%) (x*=50.05,
p<0.001) (Table 2).

There was a statistically significant correlation between
the self-assessment of health status and the presence of
the depressive symptoms (x*=713.08, p<0.001). Among
respondents who rated their health as “bad or very bad’,
there was significantly higher percentage of those who had
depressive episode (21.8%), compared to those who evalu-
ated their health as “very good or good” (0.4%).

The presence of depression symptoms is significantly
different relative to the degree of limitation in the perfor-
mance of daily activities (x>=621.54, p<0.001). More than
one third of patients with severe constraints on perform-
ing of daily activities (36.8%) had a major depressive epi-
sode, while only 1.7% of the subjects without limitations,
manifested depressive episode. More than a quarter of
subjects with severe or very severe pain in the previ-
ous four weeks had depressive symptoms (27.5%), while



Table 3. Prevalence of depression and health status of the respondents

No symptoms of

Moderate symptoms of

Depressive episode

PHQ-8 scor depression depression p*
n % n % n %
Self-assessment of health
good 747 94.6 40 5.1 3 0.4
moderate 1123 84.2 168 12.6 43 3.2 <0.001
poor 695 49.1 413 29.2 308 21.8
Limitations in everyday activities
no limitations 1843 88.9 196 9.5 35 1.7
limited, but not serious 603 55.9 335 31.1 140 13.0 <0.001
seriously limited 42 36.8 30 26.3 42 36.8
The presence of bodily pain
didn’t have a pain 1079 90.7 84 7.1 26 2.2
weak pain 546 79.5 105 15.3 36 52
moderate pain 578 22.5 216 34.8 73 20.6 <0.001
strong and very strong pain 362 45.4 216 27.1 219 27.5
The impact of pain on daily activities
not at all 214 87 25 10.2 7 2.8
lightly and moderate 980 71.2 306 22.2 90 6.5 <0.001
high and very high 292 40.1 206 28.3 231 31.7
Chronic diseases / conditions
no chronic diseases 390 93.3 20 4.8 8 1.9
have one chronic disease 601 89.7 51 7.6 18 2.7 <0.001
have two or more chronic diseases 1574 64.2 550 22.4 328 13.4

* Chi-square test

Table 4. Odds ratios (OR) and 95% confidence intervals (CI) for the depression depending on demographics and socioeconomic characteristics

Univariate model

Multivariate model

OR (95%CI) p OR(95%CI) p
Gender
male 1 1
female 2.161 (1.847-2.530) < 0,001 1.678 (1.395-2.018) < 0,001
Age groups
65-74 1 1
75-84 1.539 (1.319-1.796) < 0,001 1.373 (1.164-1.621) < 0,001
85+ 2.250 (1.665-3.041) < 0,001 1.728 (1.250-2.389) < 0,001
Marital status
married / common-law marriage 1 1
never married / common-law marriage 2.24 (1.204-4.165) < 0,001 2.023 (1.056-3.879) 0.034
widower / widow 1.751(1.503-2.039) < 0,001 1.287 (1.077-1.538) 0.006
divorced 1.462 (0.954-2.240) < 0,001 1.433 (0.916-2.239) 0.115
Settlement type
city 1 1
other 1.690 (1.457-1.961) < 0,001 1.255 (1.045-1.506) 0.015
Education
high and senior high school 1 1
high school 1.616 (1.197-2.181) < 0,001 1.366 (1.002-1.862) 0.048
primary school and lower 3.456 (2.619-4.562) < 0,001 1.886 (1.379-2.580) < 0,001
Wellbeing Index
rich class 1
middle class 1.684 (1.315-2.155) < 0,0005 1.433 (1.105-1.858) 0.07
poor class 2.413 (1.986-2.932) < 0,0005 1.607 (1.272-2.033) < 0,001
Social support
strong 1 1
moderate 1.725 (1.215-2.541) 1.523(1.051-2.264) < 0,001
poor 3.749 (2.428-5.845) 3.045 (1.984-4.829) < 0,001
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Table 5. Odds ratios (OR) and 95% confidence intervals (CI) for the depression depending on health caracteristics

Univariate model

Multivariate model

OR (95%CI) p OR(95%CI) P
Self-assessment of health
good 1 1
average 3.264 (2.322-4.589) < 0,001 1.561 (1.010-2.411) 0.045
poor 18.022 (13.027-24.932) < 0,001 3.495 (2.276-5.365) < 0,001
Limitations in everyday activities
no limitations 1 1
limited, but not serious 6.285 (5.238-7.540) < 0,001 2.995 (2.389-3.756) < 0,001
seriously limited 13.867 (9.268-20.760) < 0,001 6.846 (4.047-11.582) < 0,001
Chronic diseases / conditions
no chronic diseases 1
have one chronic disease 1.599 (1.012-2.526) 0.449 1.499 (0.743-3.026) 0.258
have two or more chronic diseases 7.770 (5.249-11.501) < 0,001 3.109 (1.640-5.891) 0.001
The presence of bodily pain
didn’t have a pain 1
weak / moderate pain 3.756 (2.995-4.702) < 0,001 1.276 (0.957-1.700) 0.046
strong and very strong pain 11.787 (9.266-14.995) < 0,001 3.710(1.619-5.826) 0.001
The impact of pain on daily activities
not at all 1 1
lightly and moderate 2.702 (1.831-3.989) < 0,001 1.614 (0.978-2.663) 0.061
high and very high 10.008 (6.709-14.930) < 0,001 1.319 (0.863-2.015) 0.201

DISCUSSION

among respondents with no presence of pain, depression
was present in only 2.2% (x*=622.55, p<0.001). Research
also confirmed an association between the presence of
chronic diseases and depression (x*=276.64, p<0.001),
subjects who had two or more of chronic diseases (mul-
timorbidity) were seven times more likely to have a de-
pression (13.4%), as compared to those without chronic
diseases (1.9%) (Table 3).

All demographic and socio-economic variables were
analyzed using the multivariate model. Results of the study
showed that women (OR=1.68) and persons aged 85 years
or more (OR=1.72) are 1.7 times more likely to be de-
pressed in relation to the men and respondents aged 65-74
years. Also, a life without a partner (OR=2.02), the low-
est level of education (OR=1.89) and poverty (OR=1.61),
proved to be significant predictors of depression. A chance
for the presence of depression was three times higher in
people with poor social support (OR=3.04) (Table 4).

Limitations in performing of daily activities, when it
comes to health status of respondents, showed to be the
strongest predictor of depression in the elderly, while re-
spondents who have had serious limitations had even
six times more chanse to develop depression (OR=6.85).
Respondents who rated their health as “bad or very bad”
for 49.5% more frequently manifested depressive symp-
toms compared to those who evaluated their health as
“very good or good” (OR=3.49). Respondents who have
had two or more chronic diseases were three times more
likely to have depression (OR=3.11) compared to people
without chronic disease, while those with chronic pain
were for 71% more likely to express depressive symptoms
(OR=3.71) (Table 5).
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Among citizens of Serbia aged 65 years and over, 17.5%
of respondents had mild depressive symptoms, and a de-
pressive episode was registered in 10% of the population.
The average prevalence of depression in elderly adults var-
ies between 10.0% and 15.0% (18), while some countries re-
port significantly higher rates of prevalence. In Brazil, the
prevalence of depression was 30.6% (1), while Cahoon re-
ported that depression affects an estimated 15% to 19% of
Americans age 65 and older (19). Large variations between
countries concerning the prevalence of depression can be
explained by socio-demographic and cultural differences,
as well as by differences in the methodological approach to
data collecting (1).

The prevalence of depression in our sample continu-
ously increases with age and it has the highest values in
the category of 85 years of age and over (23%). Studies sug-
gest that people age 65 and older have twice the chance
to develop a depression in comparison to younger adult
population, as well as that an older age is the predictor of
depression (20), and that the prevalence of depression is
the highest in the population of the oldest persons (21).

The number of women reporting the depression symp-
toms is twice as high as the number of men (12.7% : 6.5%),
which is in accordance with the results from the available lit-
erature that are supporting the fact that women are at great-
er risk to develop a depression (6,22,23). Gender difference
in the prevalence of depression is explained by a number of
factors (genetic, biological, psychological), as well as by a dif-
ferent social roles and status of women in society (24). Stud-
ies showed that the increased risk of depression in women,
at least partly, is attributable to negative attitude towards
them, to the lack of appreciation for their work, to fewer op-



portunities for education and employment and to a greater
risk of domestic violence (25). The fact that men often do
not recognize their symptoms of depression, as depression is
generally considered as a “women’s disease’; should be taken
into account in interpreting the differences in the prevalence
of depression between women and men (26). Women are
more open and willing to express the symptoms they feel,
verbally as well as behaviorally, they more often complain
of psychosomatic ailments and emotional instability, which
is why they more frequently use the health care services (1).
Power and health are traditionall masculine values and that
is why men often avoid to express their emotions that are
typical for females, and this may contribute to masking of
depression (27).

The results of our study showed an association between
depression and marital status. The smallest number of de-
pressive was detected among respondents who were mar-
ried or cohabiting, while multivariate regression model
identified the best chance to develop a depression among
people who have never been married/cohabiting (OR=2.02).
Depressive simptoms are more common among persons
who were either never married or who were previously mar-
ried and currently have no partner, compared with married
people (22). Yan et al. conducted a quantitative meta-anal-
ysis of the association between depression and marital sta-
tus in people over the age of 55, based on 24 cross-sectional
studies and eight longitudinal studies. Compared to mar-
ried elderly people, unmarried elderly people (OR=1.55),
widowed (OR=1.49) and never-married people (OR=1.32)
had a higher risk for depression (28).

Empirical studies conducted in the past few decades
showed that people who are married have a series of physi-
cal and mental benefits, achieve greater functionality, have
better subjective assessmment of their health condition,
have lower rates of morbidity and live longer than individ-
uals who are not married (29). Married people have the ad-
vantage in terms of financial resources and stability, social
and psychological support, as well as a support in choosing
a healthy lifestyle (30).

The association between depression and socio-eco-
nomic status was confirmed by the results of our study,
where it was found that individuals with the lowest level
of education (OR=1.88) and those belonging to the class of
poor (OR=1.61) are significantly more likely to develop the
symptoms of depression. Several studies confirm a strong
inverse relationship between SES and depression (31,32).
In a prospective cohort study, Koster and associates ana-
lyzed the correlation between depression and socio-eco-
nomic status. The level of education and financial income
at 2593 respondents aged 55-85 years were observed as
indicators of socio-economic status. The obtained results
showed that the persons of lower socioeconomic status
have had a 50% greater chance of being depressed in com-
parison with those belonging to the highest SES group (33).
Studies show that the lack of income and inability to satisfy
the daily needs, along with the emotional stress due to an
uncertain future, are significant predictors of depression

(34). On the other hand, a higher level of education pro-
vides a better job and higher social status, better developed
social networks and adopting healthy lifestyle habits (bet-
ter access to informations). Better educated people have
higher levels of health literacy, healthier lifestyle, better use
of available informations in dealing with everyday prob-
lems that could negatively affect their health (35).

When it comes to a social support, among respon-
dents who have a strong social support over 90% of them
do not have symptoms of depression, while among those
with poor social support every fourth respondent has a
mild depressive symptoms or depressive episode, which is
in accordance with results from the literature that indicate
a strong relationship of depression and social support (36,
37). Good social support network increases the self-es-
teem of the individual and the resistance to the occurrence
of negative emotions and depressive symptoms (38).

Poor physical health, functional disability, and chronic
pain are proven to be a significant predictor of depression
(18), but on the other hand, depression worsens outcomes
of physical illness (39). As expected, our results showed
that people who have two or more chronic diseases have
three times higher risk of being depressed (OR=3.109),
while people who have serious limitations in performing
daily activities have almost seven times greater risk of de-
pression (OR=6.846). Many epidemiological studies indi-
cate a high comorbidity of depression and other psychi-
atric disorders, somatic symptoms and physical ailments,
especially in population of the oldest persons (40, 41). Large
14-center, cross-national study conducted in nine western
European countries, whose aim was to test an association
between physical health and depressive symptoms of pa-
tients older than 65 years, showed that the association of
depressive symptoms with functional disability was stron-
ger than the one with chronic physical conditions (42).

CONCLUSION

Identification of risk factors associated with the devel-
opment of depression in elderly, early diagnosis and timely,
adequate and effective treatment and management of de-
pression, are crucial factors to reduce the serious conse-
quences to which these disorders can lead the individual,
their families and the community as a whole. Mental health
of older people can be improved through the promotion of
active and healthy aging, which means creating the condi-
tions and environment that support the well-being and en-
able people to live a healthy and integrated lifestyle.
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ABSTRACT

The purpose of the current study was to present the authors’

experiences with the long intramedullary Gamma nail in the
treatment of patients with complex femoral fractures. This ret-
rospective study included 48 patients with complex femoral
fractures. All patients had received fracture fixation treatments
with long intramedullary Gamma nails from January 2007 to
December 2015. The complex fractures of all patients were clas-
sified into 3 types, according to the anatomical locations of the
fractures. Type I included combined fractures of the shaft and
the proximal femur. Type 1l included segmental fractures. Type
11 included combined fractures of the shaft and distal fermur.
According to the Harris Hip Score, 85.4% of our patients had
excellent and very good functional outcomes of the operative
procedure. Complications occurred in 7 (14.58%) patients. The
most common complications occurred in patients with com-
bined fractures of the shaft and distal femur (50%). Based on
the findings of this study, we conclude that the clinical and ra-
diological results after the treatment of complex femoral frac-
tures with the long intramedullary Gamma nail show good out-
comes, with a high rate of bone union and minimal soft tissue
damage. Experience with this procedure is important to prevent
and minimise technical complications.

Keywords: long intramedullary Gamma nail; complex
femoral fractures; Harris Hip Score
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SAZETAK

Cilj ove studije bio je da predstavi iskustvo autora
u lecenju kompleksnih preloma butne kosti dugim intra-
medularnim gama klinom. Ovo je retrospektivna studi-
ja koja obuhvata 48 pacijenata sa kompleksni prelomom
butne kosti. Svi pacijenti su u periodu od januara 2007.
do decembra 2015. godine le¢eni metodom intramedular-
ne fiksacije dugim Gama klinom. Kompleksni prelomi su
prema anatomskoj lokalizaciji klasifikovani u tri tipa. Tip
I obuhvata kombinovane prelome dijafize i proksimalnog
dela femura. Tip Il obuhvata segmentalne prelome. Tip III
obuhvata kombinovane prelome dijafize i distalnog dela
femura. 85,4% nasih pacijenata imalo je odlican i vrlo
dobar funkcionalni rezultat nakon operativne procedure,
procenjen na osnovu Harris Hip Scor-a. Komplikacije su
nastale kod 7 (14,58%) pacijenata. Najcesée komplikacije
su primecéene kod pacijenata sa kombinovanim prelomom
dijafize i distalnog dela femura (50%). Na osnovu ove stu-
dije mozemo zakljuciti da nakon intramedularne fiksacije
dugim Gama klinom klinicki i radioloski rezultati imaju
dobar ishod uz visok stepen sras¢ivanja kostiju i minimalno
ostecenje mekog tkiva. Iskustvo je vazno za spreavanje i
smanjenje tehnickih komplikacija.

Kljucne redi: dugi intramedularni Gama klin; komplek-
sni prelomi butne kosti; Harris Hip Scor
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INTRODUCTION

With aging populations and a prolonged average life
expectancy, the incidence of femoral fractures has sharply
increased and is expected to double in the next 25 years
in industrialised countries (1). It is estimated that half of
these fractures will be intertrochanteric, which have a high
morbidity and mortality and seriously affect a patient’s
quality of life (1, 2).

Complex femoral fractures have been defined as un-
stable, combined fractures of the shaft and proximal or
distal femur, as well as segmental fractures of the femur.
These fractures are often difficult to treat and represent
an important challenge in the field of traumatology (3).
Complex femoral fractures occur more often in a younger
population and are most commonly caused by high-ener-
gy trauma, either in traffic accidents or falls from heights
(4). On the other hand, the most common cause of femo-
ral fractures in older populations is a mild trauma (5). An
early stabilisation of the fractured bone contributes to the
preservation of blood supply and is essential for the healing
process (6, 7). Surgical treatments are gradually becoming
the first-choice treatments of complex femoral fractures.
The primary goal of operative treatments for complex
femoral fractures is to restore the anatomical alignment of
the bony fragments, which allows early mobilisation of the
patient and the limb (8). Although technologies and instru-
ments have been continuously improved, fixation failure
still poses a problem in the treatment of unstable femoral
fractures. The operative treatment of complex fractures is
very complicated because complex fractures are often as-
sociated with other serious injuries, and it is necessary to
treat two or more levels of fractures with dislocation at the
same time (9). The combination of two different fixation
methods (such as dynamic hip screw (DHS) and dynamic
compression plate (DCP), or condylar plate and DCP, or
locking compression plate (LCP) and DHS) on the same
femur is associated with numerous complications and poor
functional results. Therefore, the use of a plate to achieve
osteosynthesis of complex fractures necessitates a wide
operative exposure and extensive stripping of soft tissue,
which results in increased blood loss and a longer operat-
ing time. All of these techniques require a very long pe-
riod of rest and an avoidance of support in the injured leg,
which also leads to more frequent postoperative complica-
tions (10).

Considering previously mentioned facts, as well as
long-term clinical experiences and follow-up observations,
the use of an osteofixation system is necessary. The simul-
taneous repair of all fractures with an osteofixation system
will improve the results of treatment of these complex in-
juries. Accordingly, the Gamma nail was developed in an
attempt to overcome some of these problems. The Gamma
nail, introduced in the late 1980s, combines intramedullary
fixation in the shaft with a screw in the proximal fragment
(8-12).In the 1990s, some authors were describing treat-
ment with the Gamma nail as being equivalent to, or bet-
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ter than, treatment with the dynamic hip screw (13, 14). In
contrast, other authors have observed that the Gamma nail
has a higher rate of serious complications, such as peri-
operative fractures of the femoral shaft (15, 16). However,
since 1988, the Gamma nail has been modified several
times. Modifications in the nail design and attention given
to specific details during the nail insertion have significant-
ly decreased the rate of perioperative complications. These
decreases in complications have been observed in recent
papers, which have described the use of a newer genera-
tion of the Gamma nail (8, 17). The Gamma nail comes
in two types; the standard nail (20 cm) is mainly used for
trochanteric fractures, while complex fractures are treated
with the longer (32-42 cm) version (12). Theoretically, the
re-designed Gamma nail should reduce the occurrence of
complications, such as the removal and extension of the
nail, over-compression of the fracture, and collapse (18).

The use of the long Gamma nail during treatment has
provided good results, in terms of less invasiveness, better
fixation and faster rehabilitation of patients with complex
femoral fractures. However, despite the good and reliable
results, some typical failures and complications may occur
(19). In addition to the quality of the implant, the success
of femoral fracture treatment depends on the quality of
the bones, the age of the patient, the general health status
of the patient, the time interval between the fracture and
treatment, the treatment adequacy, the patient’s comor-
bidity, and the stability of fixation. (20, 21).

The purpose of the current study was to present the
authors’ experience with the long intramedullary Gamma
nail in the treatment of patients with complex femoral
fractures, in order to assess the success and safety of the
technique.

PATIENTS AND METHODS

This retrospective study included patients with com-
plex femoral fractures who had received fracture fixation
treatments with the long intramedullary Gamma nail (pro-
duced by Synthes Switzerland, Stryker SAD, LIMA Italy)
from January 2007 to December 2015. Forty-eight patients
were included, and all patients were recruited from the Or-
thopedics and Traumatology Clinics of the Clinical Center
Montenegro in Podgorica. A retrospective review of clini-
cal charts and preoperative, perioperative, postoperative,
and final radiographs were performed. The resulting out-
comes and complications were recorded, while rehabilita-
tion was supervised by physiotherapists.

Inclusion criteria were patients with complex femoral
fractures who were treated with the long intramedullary
Gamma nail and who were older than 16 years of age. Ex-
clusion criteria were as follows: pathologic fractures, pre-
vious chemotherapy and/or radiotherapy, rheumatic dis-
eases, a previous operation in the same hip/femur, and a
traumatic amputation through or above the knee.



male (64.58%)

m female (35.42%)
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Figure 1. Gender distribution of the study population

The complex fractures of all patients were classified
into 3 types, according to the anatomical locations of the
fracture. Type I included combined fractures of the shaft
and proximal femur. Type II included segmental fractures.
Type III included combined fractures of the shaft and dis-
tal femur.To estimate the functional outcome of the opera-
tive procedure, we used the Harris Hip Score (HHS). This
is a time-tested scoring system used for the evaluation of
hip function, and is based on the best responses from the
patient regarding different aspects of life. All patients were
divided into 3 categories, based on the HHS: (1) excellent
and very good HHS, (2) good HHS, and (3) poor HHS (22).
Patients who were unable to come regularly were contact-
ed via telephone, and the Harris Hip Score was evaluated
and documented for analysis.

Bone healing was assessed both radiologically and
clinically by using conventional X-ray studies, as well as
by evaluating clinical symptoms, including pain associ-
ated with full weight-bearing. Healing was concluded with
the formation of a bridging callus and the crossing of bone
trabeculae on the fracture line in at least three out of four
cortices, as well as the absence of pain with full weight-
bearing (23).

The median duration of follow-up of all patients was
4.7 years (with a range of 30 months to 8.3 years).

RESULTS

Altogether, 48 patients, including 31 males and 17 fe-
males, were included in this retrospective study. The gen-
der distribution of the study population is presented in
Figure 1. The mean age was 42 years. The youngest pa-
tient was 17, while the oldest patient was 74 years old.As
we mentioned before, the complex fractures of all patients
were classified into 3 types (Table 1).

According to the Harris Hip Score, 41 patients were
rated as excellent and very good, 4 patients were rated as
good, and 3 patients were rated as poor (Table 2).Com-
plications occurred in 7 (14.58%) patients with complex
femoral fractures that were treated with the intramedullary
long Gamma nail. In addition, one patient presented with
both complications (infection and malunion). The overall

Table 1. Clinical characteristics of the study population

Classification of fracture Number (percentage)

Typel 30 (62.5%)
Type II 12 (25%)
Type III 6 (12.5%)

Table 2. Functional outcome of the operative procedure

Excellent and very good 41 (85.4%)
Harris Hip Score

(HHS) Good

4 (8.3%)
3 (6.3%)

41 (85.42%)

Poor

Without complications

Infection 1 (2.08%)
The presence of Non-union 2 (4.17%)
complications Mal-union 2 (4.17%)
Lag screw cut-out 2 (4.17%)
Broken nail 1 (2.08%)

Table 3. Connection between the type of fracture and frequency of
complications

Classification of fracture Number of patients

Type I 2 (6.67%)
Type II 2 (16.67%)
Type III 3 (50%)

complications encountered in the perioperative and post-
operative periods are listed in Table 2.

Two patients with type I fractures, two patients with
type II fractures, and three patients with type III fractures
had some of the previously mentioned complications. The
connections between the type of fracture and the frequen-
cy of perioperative and/or postoperative complications are
presented in Table 3.

DISCUSSION

The treatment and surgical stabilisation of complex
femoral fractures is a challenge for orthopaedics. Both de-
sign and technical problems have been found in various
osteofixation systems. Consequently, the ideal implant for
complex femoral fractures remains a matter of discussion
(24, 25). Older implants (Jewett nails, McLaughlin nails,
Ender intramedullary nails) have been reported to have un-
acceptably high complication rates (26, 27). Alternatively,
the use of modern implants, such as dynamic hip screws,
Gamma nails, and Medoff sliding plates, can reduce the
incidence of complications and the patient’s recovery time
(10, 17).Consequently, the aim of the current study was to
present the authors’ experiences with the long intramedul-
lary Gamma nail in the treatment of patients with complex
femoral fractures.
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In this retrospective study, 85.4% of our patients had
excellent and very good functional outcomes of the opera-
tive procedure, according to the HHS. On the other hand,
only 6.3% of patients were rated as poor by the HHS (Table
2). Considering the severity of the fractures, these findings
suggests that treatment with the long Gamma nail produc-
es more than satisfactory functional results in our hospital.

In the 48 reported cases, complications occurred in
14.58% of patients treated with the long intramedullary Gam-
ma nail. Data from the literature data suggest that infections
are the most common complications of fractures and pre-
dominantly occur in open fractures (28). Only one (2.08%) of
the 48 patients had a mild infection. This rate is lower than
that usually reported for Gamma nailing procedures (28-31).
Other frequent complications, such as nonunions (where the
fractured bone fails to heal) or malunions (where the frac-
tured bone heals in a deformed manner) were noted in our
patients. A union was defined as a callus formation at the frac-
ture site, with the fracture line visible for less than a quarter of
the circumference. Nonunions were reported in two patients
(4.17%), and malunions were also reported in two patients
(4.17%). Nellaiyappan and coworkers reported 2 (10.52%)
cases of nonunions in 19 patients with complex femoral frac-
tures (9). The most common nail-related complication (cut-
out of the lag screw, mainly because of poor positioning in an
osteoporotic bone) was observed in two patients (4.17%). The
literature showed cut-out frequencies up to 10% (29, 30). In
addition, a broken nail occurred in only one patient. The bro-
ken nail was easily removed using the technique involving an
olive-tripped guide wire (32). The frequency of complications
in our study (Table 2) is in accordance with previous literature
data (14, 28-31). Most importantly, almost all of the complica-
tions occurring after Gamma nail fixation can be prevented
by following strict observance of the recommended surgical
technique, careful preoperative planning, and rigid postop-
erative protocols. The choice of the appropriate length for the
lag screw, its best position in the femoral neck, and its dynam-
ic proximal locking will considerably reduce the incidence of
screw cut-out (32, 9).

Alternative devices described for the treatment of these
fractures showed higher complication rates than the long
Gamma nail. A study conducted by Aktselis and coworkers
suggested that the intramedullary Gamma nail is superior
to a sliding hip screw in the treatment of multi-fragmen-
tary intertrochanteric fractures (33).

Many studies have examined long Gamma nail efficacy
in the treatment of different femoral fractures. In a paper
by Sehat and coworkers, it was shown that the long Gam-
ma nail is effective in the treatment of proximal femoral
fractures (31). Zhang and coworkers concluded that the
locking intramedullary Gamma nail is a simple and safe
treatment for unstable intertrochanteric femoral fractures,
with a satisfactory clinical efficacy (34, 35). However, in a
comparative study of the Gamma nail versus the proximal
femoral nail, Woo-Kie and coauthors demonstrated no dif-
ferences in clinical outcomes for the treatment of reverse
obliquity intertrochanteric fractures (36).
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Finally, we examined the connection between the type
of fracture and the frequency of complications, in order
to complete the picture of the efficacy of the long intra-
medullary Gamma nail. The most common complications
occur in patients with combined fractures of the shaft and
distal femur (50%), while patients with segmental and with
combined fractures of the shaft and proximal femur had a
lower rate of complications (Table 3). In combined shaft
and distal femur fractures, the indications for treating frac-
tures with the long intramedullary Gamma nail should be
carefully considered.

The present study had certain limitations. First, this
study was retrospective, which is not the best method
when compared to a prospective study. Second, this study
included a small number of patients, due to the uncom-
mon nature of this injury.

CONCLUSION

Complex femoral fractures are generally difficult to
treat and provoke high complication rates. From the find-
ings of this study, we can summarise that the clinical and
radiological results after the treatment of complex femoral
fractures with the long intramedullary Gamma nail show
good outcomes, high rates of bone union, and minimal soft
tissue damage. Experience with this procedure is impor-
tant to prevent and minimise technical complications.

REFERENCES

1. Melton 3rd LJ, Gabriel SE, Crowson CS, et al. Cost-
equivalence of different osteoporotic fractures. Osteo-
poros Int. 2003; 14: 383-8.

2. Riedi TP, Murphy WM. AO principles of fracture
management. Stuttgart: Thieme. 2000; 441-4.

3. Morris AH, Zuckerman JD, American Academy of Or-
thopaedic Surgeons Council of Health Policy and Prac-
tice. National Consensus Conference on Improving the
Continuum of Care for Patients with Hip Fracture. ]
Bone Joint Surg Am. 2002; 84:670—4.

4. Davidovitch RI, Jordan CJ, Egol KA, et al. Challenges
in the treatment of femoral neck fractures in the non-
elderly adult. ] Trauma. 2010; 68(1):236-42.

5. Abdel MP, Houdek MT, Watts CD, Lewallen DG, Berry
DJ. Epidemiology of periprosthetic femoral fractures
in 5417 revision total hip arthroplasties. Bone Joint J.
2016; 98(4):468-74.

6. Shane E, Burr D, Ebeling PR, et al. Atypical subtrochan-
teric and diaphyseal femoral fractures: report of a task
force of the American society for bone and mineral re-
search. ] Bone Miner Res. 2010; 25:2267-94.

7. Bone LB, Johnson KD, Weigelt ], Scheinberg R. Early
versus delayed stabilization of femoral fractures. A
prospective randomized study. ] Bone Joint Surg Am.
1989; 71:336-40.



8. Pervez H, Parker MJ. Results of the long Gamma
nail for complex proximal femoral fractures. Injury.
2001; 32(9):704-7.

9. Nellaiyappan B, Ramesh Vyravan P, Mohankumar M,
Doraikumar R. Complex Femoral Fractures - An Anal-
ysis. Journal of Dental and Medical Sciences. 2016;
15(3):10-5.

10. Aune AK, Ekeland A, Odegaard B, Grogaard B, Alho
A. Gamma nail vs compression screw for trochanter-
ic femoral fractures: 15 reoperations in a prospective,
randomized study of 378 patients. Acta Orthopaedica
Scandinavica, 1994; 65(2):127-30.

11. Halder SC. The Gamma nail for peritrochanteric frac-
tures. Bone & Joint Journal. 1992; 74(3):340-4.

12.van Doorn R, Stapert JW. The long gamma nail in the
treatment of 329 subtrochanteric fractures with major
extension into the femoral shaft. European Journal of
Surgery. 2000; 166(3):240-6.

13. Leung KS, So WS, Shen WY, Hui PW. Gamma nails and
dynamic hip screws from peritrochanteric fractures. A
randomized propective study in elderly patients. ] Bone
Joint Surg. 1992; 74-B-:345-51.

14. Bridle SH, Patel AD, Bircher M, Calvert PT. Fixation of in-
tertrochanteric fractures of the femur. A randomised pro-
spective comparison of the gamma nail and the dynamic
hip screw. Bone & Joint Journal. 1991; 73(2):330-4.

15. Parker MJ, Pryor GA. Gamma versus DHS nailing for
extracapsular femoral fractures. Meta-analysis of ten
randomized trials, Int Orthop. 1996; 20:163-8.

16. Radford PJ, Needoff M, Webb JK. A prospective random-
ized comparison of the dynamic hip screw and the Gam-
ma locking nail. ] Bone Joint Surg. 1993; 75-B:789-93.

17. Bhandari M, Schemitsch E, Jonsson A, Zlowodzki M,
Haidukewych, GJ. Gamma nails revisited: gamma nails
versus compression hip screws in the management of
intertrochanteric fractures of the hip: a meta-analysis.
Journal of orthopaedic trauma. 2009; 23(6):460-4.

18. Kempf I, Grosse A, Taglang G, Favreul E. Gamma nail
in the treatment of closed trochanteric fractures. Re-
sults and indications of 121 cases. Orthop Traumatol
Surg Res. 2014; 100(1):75-83.

19.Hesse B, Gichter A. Complications following the
treatment of trochanteric fractures with the gamma
nail. Archives of orthopaedic and trauma surgery. 2004;
124(10):692-8.

20. Gadegone WM, Salphale YS. Proximal femoral nail:
an analysis of 100 cases of proximal femoral fractures
with an average follow up of 1 year. Int Orthop. 2007;
31:403-8.

21. Strauss EJ, Kummer FJ, Koval KJ, Egol KA. The “Z-ef-
fect” phenomenon defined: a laboratory study. ] Orthop
Res. 2007; 25:1568-73.

22. Wamper KE, Sierevelt IN, Poolman RW, Bhandari M,
Haverkamp D. The Harris hip score: Do ceiling effects
limit its usefulness in orthopedics?: A systematic re-
view. Acta Orthopaedica. 2010; 81(6):703-7.

23. Russell GV, Kregor PJ, Jarrett CA, Zlowodzki M. Com-
plicated femoral shaft fractures. Orthopedic Clinics.
2002; 33(1):127-42.

24. Warwick DJ, Crichlow TPKR, Langkamer VG, Jackson M.
The dynamic condylar screw in the management of sub-
trochanteric fracture of the femur. Injury. 1995; 26:241—4.

25. Siebenrock KA, Muller U, Ganz R. Indirect reduction with
a condylar blade plate for osteosynthesis of subtrochan-
teric femoral fractures. Injury. 1998; 29(Suppl. 3):7-15.

26. Teitge RA. Subtrochanteric fracture of the femur. ]
Bone Joint Surg. 1976;58-A:282.

27.Pankovich AM, Trabishy IE. Ender nailing of intertro-
chanteric and sub trochantric fractures of the femur. J
Bone Joint Surg. 1980;62-A:635-45.

28. Docquier PL, Manche E, Autrique JC, Geulette B. Com-
plications associated with gamma nailing: a review of
439 cases. Acta Orthopaedica Belgica. 2002; 68(3):251-7.

29. Borens O, Wettstein M, Kombot C, Chevalley F, Mouh-
sine E, Garofalo R. Long gamma nail in the treatment
of subtrotrochanteric fractures. Arch Orthop Trauma
Surg. 2004; 124:443-7.

30. Ramakrishnan M, Prasad SS, Parkinson RW, Kaye JC.
Management of subtrochanteric femoral fractures and
metastases using long proximal femoral nail. Injury.
2004; 35:184-90.

31.Sehat K, Baker RP, Pattison G, Price R, Harries W7,
Chesser TJS. The use of the long gamma nail in proxi-
mal femoral fractures. Injury. 2005; 36(11):1350-4-

32. Middleton RG, McNab IS, Hashemi-Nejad A, Noor-
deen MH. Multiple guide wire technique for removal
of a short distal fragment of a fractured intramedullary
nail. Injury 1993; 24:357-8.

33. Aktselis I, Kokoroghiannis C, Fragkomichalos E, et al.
Prospective randomised ontrolled trial of an intramed-
ullary nail versus a sliding hip screw for intertrochanter-
ic fractures of the femur. Int Orthop. 2014; 38(1):155-61.

34.Zhang L, Liu D, Wu ZD, He S, Huang ZY, Wang Y]J.
Biomechanical analysis of locking Gamma nail in treat-
ment of unstable intertrochanteric fractures. Orthop ]
China. 2010; 18:1028-9.

35.Zhang L, Shen J, Chen S, et al. Treatment of unstable
intertrochanteric femoral fractures with locking gam-
ma nail (LGN): A retrospective cohort study. Interna-
tional Journal of Surgery. 2016; 26:12-17.

36. Min WK, Kim SY, Kim TK, et al. Proximal femoral nail
for the treatment of reverse obliquity intertrochanteric
fractures compared with gamma nail. Journal of Trau-
ma and Acute Care Surgery. 2007; 63(5):1054-60.

341



§ sciendo



ORIGINAL SCIENTIFIC ARTICLE ORIGINALNI NAUCNI RAD ORIGINAL SCIENTIFIC ARTICLE

THE EFFECTS OF N-METHYL-D-ASPARTATE RECEPTOR BLOCKADE ON
OXIDATIVE STATUS IN HEART DURING CONDITIONING MANEUVERS

Natalia Govoruskina®, Ivan Srejovic?, Stefani Bolevich?, Sergey Bolevich?, Bella Tachieva®, Israpil Alisultanovich Omarov®, Jovana Jeremic?,
Katarina Radonjic® and Vladimir Jakovljevic?
.M. Sechenov First Moscow State Medical University, Department of Human Pathophysiology, Moscow, Russian Federation
2University of Kragujevac, Faculty of Medical Sciences, Department of Physiology, Kragujevac, Serbia
31.M. Sechenov First Moscow State Medical University, Institute of Molecular Medicine, Moscow, Russian Federation
41.M. Sechenov First Moscow State Medical University, Department of Human Pathology, Laboratory of Navigational Redox Lipidomics,
Moscow, Russian Federation
SMedical and Health Center of the Ministry of Foreign Affairs of Russia, Moscow, Russian Federation
SUniversity of Kragujevac, Faculty of Medical Sciences, Department of Pharmacy, Kragujevac, Serbia

EFEKTI BLOKADE N-METIL-D-ASPARTATNOG RECEPTORA NA
OKSIDACIONI STATUS SRCA TOKOM KONDICIONIRANJA

Natalia Govoruskina®, Ivan Srejovi¢?, Stefani Bolevich?®, Sergey Bolevich*, Bella Tachieva®, Israpil Alisultanovich Omarov® , Jovana Jeremi¢?®,
Katarina Radon;ji¢® i Vladimir Jakovljevi¢?
! Prvi moskovski drzavni medicinski univerzitet 1.M. Sechenov, Katedra za patofiziologiju, Moskva, Ruska Federacija
2 Univerzitet u Kragujevcu, Fakultet medicinskih nauka, Katedra za fiziologiju, Kragujevac, Srbija
% Prvi moskovski drzavni medicinski univerzitet 1.M. Sechenov, Institut za molekulsku medicinu, Moskva, Ruska Federacija
4 Prvi moskovski drzavni medicinski univerzitet .M. Sechenov, Katedra za humanu patologiju, Laboratorija za navigacijsku redoks lipidomiku, Moskva,
Ruska Federacija
5 Medicinski i zdravstveni centar Ministarstva spoljnih poslova Rusije, Moskva, Ruska Federacija
® Univerzitet u Kragujevcu, Fakultet medicinskih nauka, Katedra za farmaciju, Kragujevac, Srbija

Received/Primljen: 20.12.2019.
ABSTRACT

N-methyl-D-aspartate receptor (NMDAR) belongs to iono-
tropic glutamate receptor family. The most prominent roles of the
NMDAR are related to the physiological and pathophysiological
processes of the central nervous system (CNS). The link between
NMDAR and cardiovascular pathology came into focus due to
detrimental effects of homocysteine on the cardiovascular system.
Regarding the fact that NMDAR affects Ca?* homeostasis in cells,
one of the main mechanisms which mediate adverse effects of glu-
tamate dyshomeostasis and abnormal NMDAR activity is oxida-
tive stress. Both in ischemia and during reperfusion, there are im-
balance in Ca?* and production of reactive species, which re-
mains one of the basic mechanisms underlining the overall cardi-
omyocyte death due to myocardial infarction. The aim of this
study was to assess the effects of blockade of NMDAR in heart
using MK-801, in preconditioning and postconditioning fashion
and to compare the values of oxidative stress biomarkers. We used
Langendorff technique of isolated heart. In the control group, all
isolated rat hearts were subjected to global ischemia after stabi-
lization period (perfusion of the whole heart with Krebs-Henseleit
solution was stopped) for 20 minutes, followed by 30 minutes of
reperfusion. In the preconditioning group, after stabilization pe-
riod, hearts were perfused with MK-801 for 5 minutes, before
global ischemia of 20 minutes which was followed by 30 minutes
reperfusion. In the postconditioning group, hearts were perfused
with MK-801 during the first 3 minutes of reperfusion. Results of
this study showed antioxidative effects of NMDAR inhibition in
pre- and postconditioning of the isolated rat heart.

Keywords: N-methyl-D-aspartate receptor, MK-801, precondi-
tioning, postconditioning, isolated rat heart
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SAZETAK

N-metil-D-aspartatni receptor (NMDAR) pripada grupi jono-
tropnih glutamatnih receptora. Najznacajnije funkcije NMDAR
se odnose na fizioloSke i patofizioloSke procese u centralnom
nerviom sistemu (CNS). Veza izmedu NMDAR i patoloskih
procesa kardiovaskularnog sistema je dosla u zizu naucnog in-
teresovanja tokom ispitivanja Stetnih efekata homocisteina na
kardiovaskularni sistem. Imajuci u vidu cinjenicu da aktivacija
NMDAR remeti homeostazu Ca?* u éeliji, jedan od osnovnih me-
hanizama ukljucen u ispoljavanje poremecaja glutamatne
ravnoteZe i patoloSke aktivnosti NMDAR je oksidacioni stres.
Kako tokom ishemije, tako i u reperfuziji, postoji poremecaj
ravnoteze Ca®* i poveéana produkcija reaktivnih vrsta, §to pred-
stavlja jedan od osnovnih mehanizama koji posreduju u izumi-
ranju kardiomiocita tokom infarkta. Cilj ovog istrazivanja je ispit-
ivanje efekata blokade NMDAR upotrebom MK-801 tokom
prekondicioniranja i postkondicioniranja i poredenje vrednosti
biomarkera oksidacionog stresa. Koris¢ena je Langendorfova
tehnika izolovanog srca. U kontrolnoj grupi sva srca su pov-
rgnuta globalnoj ishemiji odmah nakon perioda stabilizacije (pre-
kinuta je perfuzija citavog srca Kreps-Henselejtovim rastvorom)
u trajanju od 20 minuta, nakon cega je usledila reperfuzija u tra-
janju od 30 minuta. U grupi sa prekondicioniranjem, nakon sta-
bilizacije aplikovan je MK-801 tokom 5 minuta u koncentraciji od
30 pmol/L, nakon cega je sledila globalna ishemija tokom 20
minuta, pa reperfuzija 30 minuta. U grupi sa postkondicioni-
ranjem MK-801 je primenjen tokom prva tri minuta reperfuzije.
Rezultati istraZivanja ukazuju na antioskidacioni efekat inhibicije
NMDAR tokom prekondicioniranja i postkondicioniranja izolo-
vanog srca pacova.

Kljuéne re¢i: N-metil-D-aspartatni receptori, MK-801, prekon-
dicioniranje, postkondicioniranje, izolovano srce pacova
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INTRODUCTION

NMDAR belongs to ionotropic glutamate receptor fam-
ily, together with AMPA, kainite and delta receptors (1).
Structurally, NMDAR is a protein complex composed of four
subunits (tetramer) which assembles forming a cation chan-
nel. There are three types of NMDAR subunits: GIuN1 (binds
glycine), GIuN2 (binds glutamate) and GIuN3 (binds gly-
cine) (2, 3). Functional NMDARSs are most often composed
of two GluN1 and two GIuN2 subunits, and based on this fact
the necessity arises for the action of both glycine and gluta-
mate, as co-agonists, for the activation of NMDAR, unlike
other members of this receptor family which require only
glutamate. Furthermore, in contrast to other ionotropic gluta-
mate receptors, activation of NMDAR enables influx of a
considerable amount of Ca2+ which triggers subsequent
Ca2+-mediated intracellular cascades (4, 5). Another partic-
ularity of NMDAR is voltage-dependent block by Mg2+,
which makes these receptors both ligand-dependent and volt-
age-dependent (3).

The most prominent roles of the NMDAR are related to
the physiological and pathophysiological processes of the
CNS, including synaptic plasticity during development,
learning and memory, while impairment of their function are
most often related to Huntington’s, Alzheimer’s or Parkin-
son’s disease (6-8). Over the past decade or so, scientific in-
terest in the roles of NMDAR outside the CNS has grown,
and it has been shown that NMDAR takes part in a large
number of processes in various non-neuronal tissues (9).
Given the fact that NMDAR is Ca2+ channel, it was of great
interest to estimate its presence and function in the heart, an
organ whose function is strictly dependent on equilibrium in
intracellular Ca2+ homeostasis (10-12). The link between
NMDAR and cardiovascular pathology came into focus due
to detrimental effects of homocysteine (Hcy) on the cardio-
vascular system and its underlying mechanisms (13). Actu-
ally, it is proposed that Hcy induces overactivation, as well
as overexpression, of NMDARs in cardiovascular tissues
during hyperhomocysteinemia (HHcy).

Regarding the fact that NMDAR affect Ca2+ homeostasis
in cells, one of the main mechanisms which mediate adverse
effects of glutamate dyshomeostasis and abnormal NMDAR
activity is oxidative stress (14, 15). Namely, overactivation
of NMDAR may induce the increase of intracellular Ca2+
level leading to increased production of prooxidants and
shifting redox state of the cell toward oxidative stress and
damage. Most of the effects regarding the role of NMDAR in
affection of oxidation-reduction processes are described due
to nerve tissue and related disorders (16). Furthermore, it was
also shown that NMDAR activation has an impact on redox
homeostasis in cardiomyocytes and cardiac tissue (16, 17).

Despite all the efforts of modern medicine, myocardial
infarction remains one of the leading causes of death today.
More than 30 years ago, the phenomenon of ischemic pre-
conditioning (IPC) was first described, and since then tre-
mendous scientific efforts have been made to examine new
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possibilities for myocardial preservation (18). Namely, both
in ischemia and during reperfusion there are imbalance in
Ca2+ and production of reactive species, which remains one
of the basic mechanisms underlining the overall cardiomyo-
cyte death (19). Besides ischemic preconditioning, many
other conditioning maneuvers have been developed over the
years that aim to prepare the myocardium in the best possible
manner for the onset of ischemia or to reduce damage after
ischemia and during reperfusion, including pharmacological
possibilities of pre- and postconditioning (20). One of the po-
tential advantages of pharmacological conditioning maneu-
vers is the ability to act on a large number of molecular tar-
gets.

THE AIM OF THE PAPER

Bearing in mind all the facts, the aim of this study was to
assess the effects of blockade of NMDAR in the heart using
MK-801, in preconditioning and postconditioning fashion
and to compare the values of oxidative stress biomarkers us-
ing Langendorff technique of isolated rat heart.

MATERIAL AND METHODS
Isolated heart preparation according to Langendorff

Hearts of male Wistar Albino rats were used in this study
(10 in each experimental group). All animals were 8 week
old, 200+£30g body weight, obtained from Military Medical
Academy, Belgrade, Serbia. After intraperitoneally applied
combination of ketamine (10 mg/kg) and xylazine (5 mg/kg),
rats were sacrificed by cervical dislocation (Schedule 1 of the
Animals/Scientific Procedures, Act 1986, UK). Sacrifice was
followed by urgent thoracotomy and harvesting of the heart.
After a quick removal of the excess of tissue, the hearts were
attached to Langendorff apparatus by aorta cannulation. Im-
mediately after aorta cannulation, the hearts were retro-
gradely perfused under a constant perfusion pressure (CPP)
of 70 cmH>0O with complex Krebs-Henseleit solution (NaCl
118, KCI 4.7, CaCl,-2H,0 2.5, MgS0.-7H20 1.7, NaHCO3
25, KH,PO4 1.2, glucose 11, pyruvate 2, equilibrated with 95
% O, plus 5 % CO; and warmed to 37 °C (pH 7.4)).

Experimental protocol

The hearts from all experimental groups underwent 20-
minute stabilization period. During this period, each of the
hearts was subjected to a short-term occlusion (20 s) fol-
lowed by simultaneous bolus injections of 5 mmol/l adeno-
sine (60 pl at a flow of 10 ml/min to elicit maximal coronary
flow) to test coronary vascular reactivity. If coronary flow
(CF) did not increase by 100% compared to control values,
the hearts were discarded. Coronary flow was determined
flowmetrically. When the CF was stabilized (three measure-
ments of the same value repeated), the samples of coronary
effluent were collected (control value) and the experimental
protocol was initiated. In the control group (CG), all isolated
rat hearts were subjected to global ischemia after stabilization
period (perfusion of the whole heart with Krebs-Henseleit so-
lution was stopped) for 20 minutes, followed by 30 minutes



of reperfusion. In the preconditioning group (PreC), after sta-
bilization period, the hearts were perfused with MK-801 (30
pmol/L) for 5 minutes, before global ischemia of 20 minutes
which was followed by 30 minutes reperfusion. In the post-
conditioning group (PostC), the hearts were perfused with
MK-801 (30 pmol/L) during the first 5 minutes of reperfu-
sion.

The samples of coronary venous effluent were collected
during experiments in the same points of interest: after stabi-
lization period (control), after application of MK-801 for
PreC group, in the first, third, fifth minute of reperfusion, and
further in intervals of 5 minute until the end of the experi-
ment.

All research procedures were carried out in accordance
with European Directive for welfare of laboratory animals
No 86/609/EEC and principles of Good Laboratory Practice
(GLP), approved by Ethical committee of the Faculty of
Medical Sciences, University of Kragujevac, Serbia.

Determination of oxidative stress biomarkers

The following oxidative stress parameters were deter-
mined spectrophotometrically (Specord S-600 Analytik
Jena) in collected samples of the coronary venous effluent:

1. Index of lipid peroxidation, measured as thiobarbituric
acid reactive substances (TBARS)

2. Superoxide anion radical (O2)

3. Hydrogen peroxide (H202) and

4. Nitrite (NO2).

TBARS determination (index of lipid peroxidation)

The degree of lipid peroxidation in the coronary venous
effluent was estimated by measuring TBARS using 1% thio-
barbituric acid in 0.05 NaOH incubated with the coronary ef-
fluent at 100 °C for 15 min and measured at 530 nm. Krebs—
Henseleit solution was used as a blank probe (21).

Nitrite determination

Nitric oxide decomposes rapidly to form stable metabo-
lite nitrite/nitrate products. Nitrite level (NO2) was measured
and used as an index of nitric oxide (NO) production using
Griess’s reagent. A total of 0.5 ml of perfusate was precipi-
tated with 200 pl of 30 % sulfosalicylic acid, vortexed for 30
min, and centrifuged at 3000 x g. Equal volumes of the su-
pernatant and Griess’s reagent, containing 1% sulfanilamide
in 5% phosphoric acid/0.1% naphthalene ethylenediamine-di
hydrochloride was added and incubated for 10 min in the
dark and measured at 543 nm. The nitrite levels were calcu-
lated using sodium nitrite as the standard (22).

Determination of superoxide anion radical

The level of superoxide anion radical (O2") was measured
by nitro blue tetrazolium reaction in TRIS buffer with

coronary venous effluent, at 530 nm. Krebs—Henseleit solu-
tion was used as a blank probe (23).

Determination of hydrogen peroxide

A measurement of hydrogen peroxide (H.0;) was based
on oxidation of phenol red by hydrogen peroxide, in a reac-
tion catalyzed by horseradish peroxidase (HRPO) (24). 200
ul of perfusate was precipitated with 800 ml of freshly pre-
pared phenol red solution and then 10 pl of (1:20) HRPO
(made ex tempore) was added. For blank probe, an adequate
volume of Krebs—Henseleit solution was used instead of cor-
onary venous effluent. The level of H,O, was measured at
610 nm.

Drugs

All drugs used in this experimental protocol were pro-
vided by Sigma-Aldrich.

Statistical analysis

In CG values of measured biomarkers were compared in
three points of interest: the last minute of stabilization (C),
the third and the last minute of reperfusion period. In PreC
group, we compared the last minute of stabilization (C), the
last minute of application of MK-801, and the last minute of
reperfusion period. In PostC group, three points of interest
were same like in the CG: the last minute of stabilization (C),
the third and the last minute of reperfusion. Values are ex-
pressed as mean + SE. Statistical analysis was performed by
ANOVA test. P values lower than 0.05 were considered to be
significant.

RESULTS

The effects of NMDAR conditioning on the values of the
Index of lipid peroxidation measured as TBARS

In the CG, values of TBARS were significantly higher in
the third and last minute of reperfusion in comparison to the
control values. In the PreC group, the application of MK-801
induced significant decrease of TBARS and that decreasing
trend continued to the end of the experiment. On the other
hand, in the PostC group there were no statistically signifi-
cant changes in TBARS values (Figure 1A, 1B, 1C).

Figure 1. Values of Index of lipid peroxidation measured as
TBARS in group without conditioning (A), preconditioned
with MK-801 (B), and postconditioned with MK-801 (C).
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The effects of NMDAR conditioning on the values of the
Nitrites

Nitrite (NO2) levels did not change significantly in all
points of interest in the CG and in the PostC group, while in
the PreC group NO; values were significantly lower after the
administration of MK-801 in comparison to the control val-
ues, as well as in the last minute of stabilization (Figure 2A,
2B, 2C).

Figure 2. Values of nitrites in group without conditioning
(A), preconditioned with MK-801 (B), and postconditioned
with MK-801 (C).
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The effects of NMDAR conditioning on the values of the
Superoxide anion radical

The values of superoxide anion radical (O;") in the CG
were significantly increased in the third and last minute of
reperfusion compared to the control values, while in the PreC
group MK-801 induced significant decrease of O, levels, but
in the postconditioning values were similar to the control val-
ues. In the PostC group, there were no statistically significant
changes in Oz~ values (Figure 3A, 3B, 3C).

Figure 3. Values of superoxide anion radical in group
without conditioning (A), preconditioned with MK-801 (B),
and postconditioned with MK-801 (C).

A 80 *
f * 1
70+
o 60
- !
z £
D 50 +
£ £
£ a0
3 b
< 0t Without conditioning
=
O 20+
10 —
[ — . - - . . . -
c 1 3 5 0 158 200 28 3w
B 60 ¢ Preconditioning
[ S
50 |
5 40+
@
z s
£ 30+
° [
£ r
<204
o
8 i
10+
.
C  Mem 1 3 5 10 18 200 25 30
c 60 T Postconditioning
50 1 i ,}/% ["'~-—~},,_\_} 1
= [\ B IR}/
340+ |\ |
o C \ /
2 L\ f
£ \ /f
2 [ \ /
E \ /
20+ \ /
" \ /
o | \ /
10+ \ /
\ /
. /
c 1 3 5 10 15 20 25 30



The effects of NMDAR conditioning on the values of the
Hydrogen peroxide

Hydrogen peroxide (H20.) levels in the CG were signifi-
cantly higher in the last minute of reperfusion compared to
the control values. In the PreC group, H2O> values were sig-
nificantly lower after MK-801 application, and also signifi-
cantly decreased in the last minute of reperfusion in compar-
ison to the control values. Similarly, in the PostC group, H20»
levels were significantly lower in the last minute of reperfu-
sion compared to the control values (Figure 4A, 4B, 4C).

Figure 4. Values of hydrogen peroxide in group without

conditioning (A), preconditioned with MK-801 (B), and
postconditioned with MK-801 (C).
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Most researchers dealing with the role of NMDAR in
conditioning are related to the nervous system, and there is a
lack of data regarding the possible role of these receptors in
conditioning models outside the nervous system. Bearing in
mind this fact, the aim of this investigation was to assess pos-
sible effects of NMDAR blocker, MK-801, applied in pre-
and postconditioning fashion on oxidative stress biomarkers
in isolated rat heart model.

It was shown that overactivation of extrasynaptic
NMDAR actually has detrimental effect related to

excitotoxicity, while activity of synaptic NMDAR, on the
contrary, has neuroprotective effect (25). Dickie et al. indi-
cated that the exposure of rat ventral mesencephalic slice cul-
tures to high concentration of NMDA induced pronounced
toxicity, while MK-801 abolished these toxic effects of
NMDA (26). On the other hand, the use of small doses of
NMDA had trophic effects, which also were annulled by
MK-801. From these results it can be concluded that activa-
tion of NMDAR in nervous tissue may result in protection or
damage depending on the localization of NMDAR, as well as
on the degree of activation. Several authors indicated the ben-
eficial effects of NMDAR antagonists, primarily MK-801
and memantine, in various models of neuron damage includ-
ing hypoxia-ischemia and harmful effects of oxygen and glu-
cose deprivation (27, 28). Doeppner et al. showed that
acamprosate, as indirect NMDAR antagonist, exhibited neu-
roprotective effects if administered 12 hours before stroke,
through inhibition of calpain-mediated pro-injurious signal-
ing cascades (29).

Due to the role of NMDAR in postconditioning Li et al.
pointed out that the beneficial effects of brief ischemic post-
conditioning against amyloid-p peptide induced damage in
rat hippocampus (30). A brief ischemic postconditioning re-
duced neuronal loss through upregulation of NMDAR activ-
ity and consequent inhibition of MLK3-MKK3/6-P38MAPK
signaling pathway, while amantadine as NMDAR antagonist
induced canceling out the positive effects of ischemic post-
conditioning by restoration of MLK3-MKK3/6-P38MAPK.

There is a lack of research dealing with the role of cardi-
ovascular NMDAR in heart conditioning techniques. Gao et
al. assessed the activation of the NMDAR in cultures of neo-
natal rat cardiomyocytes (16). Stimulation with NMDA in-
duced sustained irreversible increase of intracellular content
of Ca?* in cultured cardiomyocytes of neonatal rats, while
pretreatment with 30 umol of MK-801 induced partial inhi-
bition of Ca?* overload. Due to the increased Ca?* levels, the
increase of ROS production regarding NMDA application
was also shown, and MK-801 abolished oxidative stress in-
duced by NMDA suggesting the Ca?* dependent increase of
ROS in cardiomyocytes via NMDAR. Findings of McGee
and Abdel-Rahman implicate that the increased activity of
peripheral NMDAR and consequent increase of ROS produc-
tion and Ca?" entrance mediate pressor response (31).
Namely, inhibition of phosphoinositide 3-kinase (P13K)/Akt,
protein kinase C, Ca?* influx or NADPH oxidase attenuated
pressor response induced by activation of peripheral
NMDAR, suggesting the role of PI3K/Akt-protein kinase C
signaling pathway in changes induced by NMDAR.

In the previous study from our laboratory, MK-801 also
induced significant decrease of all oxidative stress bi-
omarkers (32). Experimental protocol of this study implied
subsequent administration of DL-Homocysteine and MK-
801, as well as their combination, in duration of 5 minutes at
constant perfusion pressure. All measured oxidative stress bi-
omarkers, TBARS, NO2, O;~ and H20, significantly de-
creased during MK-801 application. On the other hand,
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results of several studies from our research group, regarding
the application of NMDAR agonists, showed the increase of
oxidative stress parameters (11, 12).

Furthermore, there is the other side of the relation be-
tween oxidative stress and NMDAR. Betzen et al indicated
the fact that oxidative stress increases expression of NMDAR
subunits in endothelial cells (33). Using murine cerebrovas-
cular endothelial cells which were exposed to superoxide,
peroxynitrite or hydrogen peroxide it was shown that proox-
idant environment increased the expression of GIuN1 subu-
nit. Increased expression of NMDAR subunits in turn re-
sulted in increased functionality of NMDAR, and further to
the increased susceptibility to disruption of blood-brain bar-
rier induced by glutamate.

A considerable number of studies dealing with the role of
NMDAR in the cardiovascular system refer to mechanisms
mediating the adverse effects of homocysteine. Results of
several studies performed by Tyagi et al. pointed out the role
of NMDAR in a variety of changes induced by hyperhomo-
cysteinemia (HHcy). Cardiac-specific deletion of NMDAR
mitigated decrease in myocyte contraction induced by HHcy
(34, 35). Actually, HHcy induced increased production of
NO in mitochondria, leading to mitochondrial permeability
and further to decline in myocyte mechanical function.

CONCLUSION

Results of this study undoubtedly showed antioxidative
effects of NMDAR inhibition in pre- and postconditioning of
the isolated rat heart. Oxidative stress remains one of the key
mechanisms mediating cellular and tissue changes due to in-
creased activity of NMDAR. Despite the fact that the results
of this study are encouraging, in order to depict a possible
role of NMDAR in cardiac protection more precisely and its
underlining mechanisms, additional experiments are needed
to involve multiple NMDAR agonists and antagonists, which
have different effects and act in different ways.
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ABSTRACT

One of the most intriguing problems in modern esopha-
geal surgery is the acquired short esophagus. While some au-
thors recognize this entity, others deny its existence. There is
a consensus about types of the short esophagus, its etiology
and pathophysiology. Definitive diagnosis can be established
only intraoperatively. There are a few surgical procedures for
this problem, and most frequently is used Collis gastroplasty
with fundoplication. In this review we emphasize recent lit-
erature data and further perspectives of the Collis procedure.

Keywords: Collis gastroplasty, acquired short esopha-
gus, fundoplication

INTRODUCTION

Modern esophageal surgery involves more controver-
sial questions which do not include the census of leading
world authors. One of them is related to the problem of the
acquired short esophagus. Nowadays according to many
surgeons the acquired short esophagus is present, on the
other hand the others deny it and say that they have never
seen it even nor in large series of patients (1, 2). The radiol-
ogists first provided the definition of this medical entity to
describe the intrathoracic gastroesophageal juction. How-
ever, surgical definition is based on impossibility of reduc-
tion GE juction in the abdomen intraoperatively. In later
literature, the definition of the short esophagus accepted
by most groups of the appointed in this area includes: 1)
the short esophagus is diagnosed intraoperatively; 2) only
after extensive mediastinal mobilization of the esopha-
gus; 3) when the intraabdominal part of the esophagus is
shorter 2-3 cm (measured down tension-free) (3). Horvath
and his coworkers divided the short esophagus into three
categories: 1) a true, nonreducible short esophagus; 2) a
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SAZETAK

Jedan od najinteresantnijih problema u modernoj hirurgiji
jednjaka je steceni kratak jednjak. Dok neki autori prepoznaju
ovaj entitet, drugi negiraju njeno postojanje. Postoji konsenzus
o vrstama kratkog jednjaka, njegovoj etiologiji i patofiziologi-
ji. Definitivna dijagnoza se moze postaviti samo intraopera-
tivno. Postoji nekoliko hirurskih procedura za resavanje ovog
problema, a najcesce se koristi Collis gastroplastika sa fundo-
Plikacijom. U ovom radu dajeom pregled novijih podataka iz
literature i dalje perspektive Collis procedure.

Kljucne reci: Collis gastroplastika, steceni kratak jed-
njak, fundoplikacija

true, but reducible short esophagus; 3) an apparent short
esophagus (4). Early reports in the literature show the dif-
ferent frequency in patients with esophageal disease, from
0% (by Hill and his coworkers) to 60% (by Pearson and his
coworkers) (the data collected for the time period 1980-
1991) (2,3,5,6). Most data are based on the methods of
precise gastroesophageal junction determination as well
as the subjective gradation tension needed for the reposi-
tion of the suitable esophagus segment placed under the
diaphragm. Later analysis shows that the actual incidence
of the short esophagus is estimated to be 3-10% (4, 6). The
reasons for the increased percentage values (compared to
values in surgical practice) are tertial specialized objects
as well as the data collected from the retrospective stud-
ies. Nowadays the usage of proton pump inhibitor and
performing minimally invasive procedure decrease serious
esophageal disease leading to the its shortening. The aim
of this paper is to emphasize recent literature data and fur-
ther perspectives of the Collis procedure.
Corresponding author:
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Clinical center Kragujevac

Phone number +381641981075
Email address: mladenlucky@gmx.com

351



ETIOLOGY AND PATHOPHYSIOLOGY

Intrinsic shortening of the esophagus results most
commonly from the chronic inflammation that accompa-
nies gastroesophageal reflux disease. The dysfunction of
the lower esophageal sphincter allows either acid or alka-
line (in case of duodenogastric reflux) contents to regurgi-
tate into the esophagus. The squamous epithelium of the
esophageal mucosa is not an effective barrier to refluxed
juices, a ‘burn’ to the esophagus results, similar to that oc-
curring in the case of ingested corrosive chemicals. It leads
to a cascade of events: an inflammatory response, the in-
evitable stages of edema, infiltration with inflammatory
cells, subsequent healing, and eventual fibrosis (7). The
process eventually may involve the deeper muscular layers
of the esophageal wall and may even extend transmurally
into the periesophageal tissues of the mediastinum. Thus,
the connection between esophagitis, stricture formation
and the shortening of esophagus was established (8). The
components of reflux content are acid, biliary and pancre-
atic juice, which allow the H+ ion penetration into deeper
wall layers of the esophagus, that consequently results in fi-
brosis. With repeated cycles of injury and repair overtime,
functional and irreversible damage occurs to the involved
esophagus. Contraction of the collagen in the trasmural fi-
brous scar can occur circumferentially, producing a peptic
stricture or longitudinally, resulting in a short esophagus.
Beside gastroesophageal reflux disease, there are other en-
tities associated with the significant inflammatory reaction
and the esophageal shortening: hiatus hernia type I and II,
paraesophageal hernia hiatus type III, sarcoidosis, Barett’s
metaplasia, caustic ingestion, scleroderma and Crohn’s
disease.

PREOPERATIVE AND
INTRAOPERATIVE DIAGNOSIS

As it is mentioned, the actual diagnosis of a short
esophagus can be confirmed just in the operating room.
However, very precise preoperative findings are necessary
for each patient being prepared for an operation. In that
way, preoperative findings can confirm surgeon’s suspicion
for a short esophagus. These indicators are: anamnestic
data related to a long year gastroesophageal reflux disease
(40% patients have complications - macroscopic esophagi-
tis, Barett’s esophagus, peptic stricture of the esophagus or
an acquired short esophagus) and early unsuccessful anti-
reflux procedure (6,9-11). Preoperative findings show the
frequency of the acquired short esophagus at the follow-
ing entities: manometric — absence of distal high pressure
zone, hypo or aperistalsis of distal esophagus; esophago-
gastroduodenoscopy — identification of the GE junction (5
cm or more) above diaphragm hiatus; moderate or severe
esophagitis, the presence of early peptic stricture, and Bar-
ett’s esophagus; barium esophagram — a large esophageal
hiatus hernia type [ which can not reduce spontaneously in
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vertically position; a large hiatus hernia type III, and stric-
ture (5,8,11,12). Intraoperative findings may cause a prob-
lem for a surgeon because of abnormal anatomic relations,
complicated identification of gastroesophageal junction,
presence of pneumoperitoneum raising the diaphragm
and give a false diagnosis (1,5,10,12,13).

THE COLLIS PROCEDURE

If intraoperatively 2.5 to 3 cm length of the esophagus
is confirmed, several surgical options for treatment are re-
ported. One of well known is the lengthening procedure.
Collis first described the operation that bears his name in
1957 because he had been unsatisfied with problems being
caused with the short esophagus. This lengthening proce-
dure was performed through a thoracoabdominal incision.
Collis emphasized the fact that mediastinal mobilization of
the esophagus to the level of the aortic arch was sufficient
to perform the suitable antireflux procedure. When ad-
ditional length was needed, he created a gastric tube (the
Collis gastroplasty) by dividing the stomach between two
clamps placed opposite of the small curvature with a bou-
gie. Unfortunately, the Collis procedure alone as well as the
lengthening procedure was not sufficient to control reflux
for a long time. So, Pearson and his coworkers first com-
pleted transthoracic Collis gastroplasty with Belsey fundo-
plication (6). They pointed out an additional advantage of
this combined procedure: the fundoplication sutures are
placed into the healthy issue of the esophagus. Orringer,
Henderson and Sloan advocated the Collis — Belsey pro-
cedure and reported the excellent results — as high as 85%
symptomatic reflux control at 10 years of follow-up (14).
Both ways considered a transthoracic approach because it
was difficult to perform an adequate esophageal medias-
tinal mobilization. In 1986. the usage of newly developed
gastrointestinal stapling devices helped Steichen and his
coworkers to describe an effective open transabdominal
procedure for performing Collis gastroplasty using EEA
and GIA stapling devices (14—16). The first one was used
to create a buttonhole in the gastric fundus after previous
mobilization. The second one used to create neoesophagus
was placed through the gastric buttonhole (17). Langer,
Demos, Bingham first used ‘uncut’ Collis. Later, Evange-
list, Paris, Van Kemmel, Piechler and Payne used it as well
(18,19). This method considers the gastroplasty tube cre-
ated by mucosal apposition of the anterior and posterior
stomach wall from the proximal smaller curvature by the
use of a 3 cm linear stapler, applied along an inlaying no. 48
or 50 French bougie held against the small curvature. The
acquired tube like this is not separated from the gastric
fundus by transection. Then, previous mobilized fundus
is used for total fundoplication and the fundic wrap is su-
tured immediately anterior to the staple line. If the fundus
is not appropriate because of earlier surgeries, the modi-
fied Collis-Nissen procedure by Jeyasingham is used. After
formation of the gastroplasty tube, the fundus is opened



longitudinally and then closed transversely , as for a py-
loroplasty. This closure provides a widened fundus which
create the fundoplication wall. In that way, more fundi used
as plication wall are given. The approach to these meth-
ods is transtoracal. Introducing laparoscopic surgery as
well as maintaining the benefits of a less invasive approach
reduces the usage of open approaches for creating neo-
esophagus and antireflux procedures. In the middle of the
1990s Swanstrom placed endoscopic linear stapler across
the right mediastinal pleura and created neoesophagus in
order to perform the fundoplication using laparoscopic
techniques. In 1998. Johnson , Oddsdottir and Hunter per-
formed laparoscopic procedure which initially had been
described by Steichen (20). Awad placed the articular sta-
pler through the left hemithorax and created the gastro-
plasty. One of the last modified Collis procedures started
to be used in surgery in 2004. by Terry ,Vernon and Hunter,
Lin and coworkers and Hoang (21). The authors perform-
ing laparoscopic gastroplasty and fundoplication noticed a
significant number of apex fundus ischemia. It made them
to modify the procedure and describe so-called stapled-
wedge gastroplasty. The potential ischemic topic of fundus
is removed with creating first transversal and then vertical
stapled line. The transection of fundus is done transversely
with the stapler and it creates another stapler which is used
for performing the gastroplasty in a regular way (22).

DISCUSSION

The Collis procedure has been used clinically for 60
years as a standard lengthening technique in the treatment
for the short esophagus. Initially, the procedure was per-
formed with open approach through thorax or abdomen.
Then its performing with development of gastrointestinal
EEA, GIA, endoscopic and articular staplers became stan-
dard, safe and routine. Beside constant progress and modi-
fication, some complications are noticed by the long term
following the patients. These ones may be early and late.
All patients being prepared for the Collis gastroplasty fol-
lowed the fundoplication experience complications relat-
ing to all antiflux procedure. Early complications include:
dehiscence (leaks) of the gastroplasty tube, necrosis, post-
operative dysphagia and early reflux. All these complica-
tions occur refer to technical omission during the perform-
ing operation. Postoperative dehiscence occurs in about
1% of all case, on the tubus alone, new created fundus or at
the angle between them. Nowadays, for this reason, most
authors oversew the staple line with a continuous one layer
absorbable suture. Necrosis of gastroplasty is a very rare
event and theoretically may occur when the gastroplasty
is utilized following subtotal gastrectomy with division of
the main left gastric artery. The incidence of postopera-
tive leaks following gastroplasty is about 1%. Postoperative
dysphagia may occur from the complications related to the
antireflux procedure but may also result from a poorly cre-
ated neoesophagus. Most authors preventively advocate

utilizing a 50-60 French bougie in creating the gastroplasty,
however Collis utilized as narrow a tube as a no. 32 French
bougie. Technical failure of the antireflux procedure is the
usual cause of early reflux. Late complications following
the gastroplasty include: recurrent reflux, diverticulum
of the gastroplasty tube and the carcinoma development.
Henderson and Orringer described significant reflux (15-
20% cases) occurring after partial fundoplication follow-
ing each Collis procedure, so they proposed total fundo-
plication after this esophagus elongation procedure (16).
Too long fundoplication results in prolonged dysphagia
and now most authors recommend a total fudoplication
of no more than 1.5 cm with the proximal suture placed
in healthy part of esophagus. The incidence of persisting
mild or moderate dysphagia occurs in 10-15% of gastro-
plasty operations. Diverticulum formation occurs in the
proximal portion of the gastroplasty, if the fundoplication
is too tight in the distal part which results from a techni-
cally bad performed antireflux procedure (23,24). Carci-
noma in neoesophagus may occur unless early carcinoma
of esophagus is diagnosed initially in the distal part or in
the area of dysplasion of esophageal mucosa after gastro-
plasty formation (6,10,25). A special problem is existence
of squamous mucosal islands producing hydrochloric acid.
Mor and his coworkers said that reduction the amount of
acid from new created tubus in the patients with Nissen-
Collis gastroplasty took more time compared to the con-
trollable group (patients without reflux) (24,26). For these
reasons, the patients with reflux or abnormal production
of acid in tubus need the usage of proton pump inhibitor
for a long time (23,27,28). Generally speaking, this method
solves the problem of short esophagus. It provides amotil-
ity segment producing acid in some cases, so it is called
nonphysiologic treatment (10,12,14,16). The Collis proce-
dure is used successfully in the cases of reoperation after
failed antiflux procedure (Deschamps in 62.7% cases and
Luketich in 52.5%) (18,25,29,30). Pearson and Orringer
first described that mortality ranged from 0.5-1,1%. Long
term results show a different percentage of successful neo-
esophagus formation, from 59-80 % (5,6,10,31,32).

CONCLUSION

In spite of possible complications occurring during
the formation of neoesophagus, Collis designed a gastro-
plastic tubus in order to lengthen esophagus in the cases
of the acquired short esophagus. The gastroplastic tubus
combined with antireflux procedure was an excellent ap-
proach to solving the problem in distal esophagus with
the decreased rate of mortality. It is utilized in the patients
having a lot of risk of reccurence after standard antireflux
procedures. It includes: the acquired short esophagus and
peptic stricture, obesity, recurrent reflux after various an-
tireflux procedure and combination of hiatus hernia type I
and II and paraesophageal hiatal hernia type III. This pro-
cedure is contraindicated after myotomy of lower esopha-
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geal sphincter and not utilized in the patients with serious
motility disorder. The Collis-Nissen procedure has an es-
tablished excellent long-term success rate for this complex
problem. Methods to treat the short esophagus, aside from
the Collis gastroplasty, have poorer long —term results,
with increased rates of complications. With the develop-
ment of endoscopic Collis techniques, coversion to an
open laparotomy/thoracotomy when a short esophagus is
encountered is no longer necessary. The choice of the lapa-
roscopic /thoracoscopic single-stapler technique or the
laparoscopic double — stapler technique should be left to
the surgeon. Both procedures can be performed safely and
offer all the benefits of laparoscopic surgery. Even though a
lengthening procedure is the best choice, the Collis gastro-
plasty is a nonphysiologic treatment for a complex prob-
lem and requires long-term follow-up.

REFERENCES

1. Madan AK, Frantzides CT, Patsavas KL. The myth of
the short esophagus. Surg Endosc. 2004 Jan;18(1):31—4-.

2. Herbella FAM, Patti MG, Del Grande JC. When did
the esophagus start shrinking? The history of the short
esophagus. Dis Esophagus. 2009;22(7):550-8.

3. Mattioli S, Lugaresi ML. Lengthening Gastroplasty for
Managing Gastroesophageal Reflux Disease and Stric-
ture. In: Ferguson MK, editor. Difficult Decisions in
Thoracic Surgery: An Evidence-Based Approach. Lon-
don: Springer London; 2007. p. 305-17.

4. Horvath KD, Swanstrom LL, Jobe BA. The short esoph-
agus: pathophysiology, incidence, presentation, and
treatment in the era of laparoscopic antireflux surgery.
Ann Surg. 2000 Nov;232(5):630—-40.

5. Durand L, De Anton R, Caracoche M, Covian E,
Gimenez M, Ferraina P, et al. Short esophagus: selec-
tion of patients for surgery and long-term results. Surg
Endosc. 2012 Mar;26(3):704—13.

6. Kunio NR, Dolan JP, Hunter JG. Short Esophagus. Surg
Clin. 2016 Sep 18;95(3):641-52.

7. Gastal OL, Hagen JA, Peters JH, Campos GM, Hash-
emi M, Theisen ], et al. Short esophagus: analysis of
predictors and clinical implications. Arch Surg. 1999
Jun;134(6):633-8.

8. Gelberg HB. Comparative Anatomy, Physiology, and
Mechanisms of Disease Production of the Esophagus,
Stomach, and Small Intestine. Toxicol Pathol. 2014 Jan
1;42(1):54—-66.

9. Herbella FAM, Del Grande JC, Colleoni R. Short
esophagus: literature incidence. Dis Esophagus.
2002;15(2):125-31.

10. Worrell SG, Boys JA, DeMeester SR. Identifica-
tion and Management of a **Short Esophagus” and
a Complex Hiatus. In: Aye WR, Hunter GJ, editors.
Fundoplication Surgery: A Clinical Guide to Opti-
mizing Results. Cham: Springer International Pub-
lishing; 2016. p. 31-7.

354

11.Jobe BA, Richter JE, Hoppo T, Peters JH, Bell R, Den-
gler WC, et al. Preoperative Diagnostic Workup before
Antireflux Surgery: An Evidence and Experience-Based
Consensus of the Esophageal Diagnostic Advisory Pan-
el. ] Am Coll Surg. 2016 Sep 18;217(4):586-97.

12. Teitelbaum EN, Soper NJ. The Short Esophagus. In:
Swanstrom LL, Dunst MC, editors. Antireflux Surgery.
New York, NY: Springer New York; 2015. p. 177-87.

13. Bochkarev V, Lee YK, Vitamvas M, Oleynikov D. Short
esophagus: how much length can we get? Surg Endosc.
2008 Oct;22(10):2123-7.

14. Scott-Conner CEH, Chassin JL. Transthoracic Gas-
troplasty (Collis) and Nissen Fundoplication: Surgi-
cal Legacy Technique. In: Scott-Conner EHC, editor.
Chassin’s Operative Strategy in General Surgery: An
Expositive Atlas. New York, NY: Springer New York;
2014. p. 223-32.

15. Bathla L, Legner A, Tsuboi K, Mittal S. Efficacy and
feasibility of laparoscopic redo fundoplication. World ]
Surg. 2011 Nov;35(11):2445-53.

16.Jones R, Tadaki C, Oleynikov D. Laparoscopic redo
paraesophageal hernia repair with collis gastroplasty
for shortened esophagus. Surg Endosc. 2015;29(3):736.

17. Fréchette E, Duranceau A. Management of the Short
Esophagus. In: Ferguson MK, Fennerty MB, edi-
tors. Managing Failed Anti-Reflux Therapy. London:
Springer London; 2006. p. 151-62.

18.Pera M, Deschamps C, Taillefer R, Duranceau A. Un-
cut Collis-Nissen gastroplasty: early functional re-
sults. Ann Thorac Surg. 1995 Oct;60(4):915-20; dis-
cussion 921.

19.Demos NJ. Stapled, uncut gastroplasty for hiatal
hernia: 12-year follow-up. Ann Thorac Surg. 1984
Oct;38(4):393-9.

20. Johnson AB, Oddsdottir M, Hunter JG. Laparoscopic
Collis gastroplasty and Nissen fundoplication. A new
technique for the management of esophageal fore-
shortening. Surg Endosc. 1998 Aug;12(8):1055—60.

21. Terry ML, Vernon A, Hunter JG. Stapled-wedge Collis
gastroplasty for the shortened esophagus. Am ] Surg.
2004 Aug;188(2):195-9.

22.Jolley J, Kindel T, Oleynikov D. Paraesophageal Her-
nia Repair and Collis Gastroplasty. In: Fisichella MP,
Patti GM, editors. Atlas of Esophageal Surgery. Cham:
Springer International Publishing; 2015. p. 63-73.

23.Nason KS, Luketich JD, Awais O, Abbas G, Pen-
nathur A, Landreneau RJ, et al. Quality of life after
collis gastroplasty for short esophagus in patients
with paraesophageal hernia. Ann Thorac Surg. 2011
Nov;92(5):1851-4.

24. Mor A, Lutfi R, Torquati A. Esophageal acid-clearance
physiology is altered after Nissen-Collis gastroplasty.
Surg Endosc. 2013 Apr;27(4):1334-8.

25. Pfister AW, Djourno XB, Avaro JP, Ouattara M, Trousse
D, Doddoli C, et al. Surgical results of type III and IV
hiatal hernia with left thoracotomy. Acta Gastroenterol
Latinoam. 2011 Mar;41(1):29-35.



26. Jobe BA, Horvath KD, Swanstrom LL. Postoperative func-
tion following laparoscopic collis gastroplasty for short-
ened esophagus. Arch Surg. 1998 Aug;133(8):867—74.

27.Garg N, Yano F, Filipi CJ, Mittal SK. Long-term symp-
tomatic outcomes after Collis gastroplasty with fundo-
plication. Dis Esophagus. 2009;22(6):532-8.

28.Yau P, Watson DI, Jamieson GG, Myers J, Ascott N.
The influence of esophageal length on outcomes af-
ter laparoscopic fundoplication. ] Am Coll Surg. 2000
Oct;191(4):360-5.

29. Awais O, Luketich JD. Management of giant paraesoph-
ageal hernia. Minerva Chir. 2009 Apr;64(2):159-68.

30.Mittal SK, Shah P. Current readings: Failed hia-
tal hernia repair. Semin Thorac Cardiovasc Surg.
2014;26(4):331-4.

31. Shapiro M, Chin EH. Transthoracic Collis Gastroplasty
and Nissen Fundoplication. In: Hoballah JJ, Scott-Con-
ner MD HCE, editors. Operative Dictations in General
and Vascular Surgery. New York, NY: Springer New
York; 2012. p. 45-9.

32. Tsuboi K, Omura N, Yano F, Hoshino M, Yamamoto
SR, Akimoto S, et al. A novel laparoscopic approach for
severe esophageal stenosis due to reflux esophagitis:
how to do it. Surg Today. 2015 Feb;45(2):253-7.

355



§ sciendo



CASE REPORT PRIKAZ SLUCAJA CASE REPORT PRIKAZ SLUCAJA CASE REPORT

LYMPHANGIOMA OF THE SMALL INTESTINE
CASE REPORT AND REVIEW OF THE LITERATURE

Igor Ignjatovic', Vladimir Milosavljevic?, Boris Tadic', Nikola Grubor' and Slavko Matic!
'Clinic for Digestive Surgery of the CCS - First Surgical Clinic, Belgrade, Serbia
*General Hospital Stefan Visoki, Smederevska Palanka, Serbia

LIMFANGIOM TANKOG CREVA -
PRIKAZ SLUCAJA I PREGLED LITERATURE

Igor Ignjatovi¢!, Vladimir Milosavljevi¢?, Boris Tadi¢', Nikola Grubor! i Slavko Mati¢!
'Klinika za digestivnu hirurgiju Klinckog Centra Srbije - Prva hirurska klinika, Beograd, Srbija
*Opsta Bolnica Stefan Visoki, Smederevska Palanka, Srbija

Received / Primljen: 13. 11. 2017.
ABSTRACT

Lymphangioma usually occurs in children and usually in-
volves the skin. Mesenteric lymphangiomas are extremely rare
in adults (1,2,3). Lymphangioma of the small-bowel mesentery
is rare, representing less than 1% of all lymphangiomas (4).

We report a case of a 62-year-old female who presented
with abdominal pain, discomfort, nausea and vomiting. Pre-
operative tests including abdominal ultrasonography and
magnetic resonance imaging were performed, but they could
not accurately determine the nature of the tumour. Laparot-
omy was performed; the tumour was excised completely, and
a large cystic tumour of the small bowel mesentery was found.
Histopathological examination diagnosed the tumour as a
cystic lymphangioma. Lymphangiomas are extremely rare,
especially in the abdomen of adults, and are asymptomatic
for the most part; they often present as acute abdominal con-
ditions, causing life-threatening complications such as sec-
ondary infection, rupture with haemorrhage, and volvulus
or intestinal obstruction when the tumour increases in size,
requiring emergent surgery. Lymphangioma is often difficult
to diagnose, and surgical resection is selected in many cases
for both diagnosis and treatment.

Keywords: lymphangioma, small intestine, cystic, surgi-
cal excision
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SAZETAK

Limfangiom se obicno javija kod dece, najcesée na kozi.
Mezentericni limfangiomi su izuzetno retki kod odraslih.
Mezentericni limfangiom tankog creva je retka pojava i obu-
hvata manje od 1% svih limfangioma.

Predstavljamo slucaj Zene stare 62 godine koja je ima-
la tegobe u vidu bola u trbuhu, nelagodnosti, mucnine
i povracanja. Preoperativna ispitivanja, koja su radena
ukljucujudi ultrasonografski pregled abdomena i magnet-
nu rezonancu, nisu mogla tacno odrediti prirodu tumora.
Ucinjena je laparotomija i tumor je izvaden u celosti. Ot-
kriven je veliki cisti¢ni tumor mezenterijuma tankog creva.
Histopatoloskim pregledom dijagnostikovan je tumor kao
cisticni limfangiom. lako su limfangiomi izuzetno retki, po-
sebno u abdomenu odraslih osoba i asimptomatski u veéini
slucajeva, oni Cesto prezentuju kao akutni abdomen, uzro-
kujuéi komplikacije opasne po Zivot, kao Sto su sekundarna
infekcija, ruptura sa hemoragijom, volvulus ili opstrukcija
creva kada se tumor uveéa i koje zahtevaju hitno opera-
tivno lecenje. Limfangiom je Cesto tesko dijagnostikovati, u
mnogim slucajevima je izabrana hirurska resekcija u clju
dijagnostike i lecenja.

Kljucne reci: limfangiom, tanko crevo, cisti¢ni, hirurska
ekscizija
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INTRODUCTION

Lymphangiomas most often occur in the head, neck,
axilla, or groin of young children. Occasionally, the tumour
is also discovered in adults in various other anatomical
sites (3). Approximately 95% of lymphangiomas are found
in the neck and axilla and the other 5% occur in the me-
diastinum and abdominal cavity, including the mesentery,
retroperitoneum and bones (5). Intra-abdominal lymph-
angiomas (fewer than 5%) have been reported in the mes-
entery, gastrointestinal tract, spleen, liver and pancreas
(6). Lymphangiomas are traditionally classified into three
histologic types: capillary (simple), cavernous, and cystic
(7). The capillary type usually originates in the skin and
consists of uniform, small, thin-walled lymphatic spaces.
The cavernous type is composed of various sizes of dilated
lymphatic spaces associated with the lymphoid stroma and
shows a connection with the adjacent normal lymphatic
spaces. The cystic type consists of dilated lymphatic spac-
es of various sizes associated with collagen and smooth-
muscle bundles in the stroma but lacks connection to the
adjacent normal lymphatic spaces. Cystic lymphangioma
findings are similar to cavernous lymphangioma findings
in that dilated lymphatic spaces of variable size are seen for
both (8). The aetiology of lymphangiomas is still unclear.
They are considered to be a congenital dysplasia of lym-
phatic tissue and abnormal development of the lymphatic
vessels during foetal life (9, 10). The histological features of
lymphangioma were first described by Gaudier and Gorse
in 1913 (11). The clinical symptoms of gastrointestinal
and mesenteric lymphangiomas vary from asymptom-
atic to acute abdominal symptoms such as obstruction or
bleeding, according to the size and the localization of the
tumour (10,12,13). The treatment is mainly surgical and
consists of enucleation when feasible. Segmental intestinal
resection is achieved when the cyst adheres intimately to
the bowel (13, 14). The clinical features of intra-abdominal
lymphangiomas are diverse, ranging from an asymptom-
atic abdominal tumour to symptoms of an acute abdomen
(15). Therefore, a mass may be discovered incidentally dur-
ing examination for an unrelated illness.

CASE REPORT

A 62-year-old female was admitted to our hospital for
close examination and treatment due to unexplained in-
termittent abdominal pain especially in the left abdominal
area, abdominal discomfort, nausea and vomiting. She had
no history of abdominal surgery. The symptoms occurred
over the past 6 months.

The physical findings were non-specific. The labora-
tory findings were within the reference ranges, and the
tumour markers (AFP, CEA, CA 19-9, CA 15-3, CA125,
TPS) were negative. Magnetic resonance imaging (MRI) of
the abdomen and pelvis was performed (figure 1a,b). The
patient did not present any other multicentric lymphatic
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Figure la: Sagittal T2-weighted MR image shows a high signal intensity
multilocular lesion in the recto-uterine pouch.

Figure 1b: Axial T1-weighted image shows low signal intensity within the
lymphangioma.

Figure 2: Resected segment of the small bowel with the infiltrating tu-
mour mass

or vascular malformation. Her family and medical history
were unremarkable.

Laparotomy was performed, and the tumour was ex-
cised completely with small-bowel resection and end-to-
end anastomosis. During the laparotomy, a yellowish cystic
tumour with a soft consistency was found in the mesentery
of the ileum (figure 2). The mesenteric mass was lobulated,
cystic and measured approximately 20 mm x 15 mm x 13
mm. The mass consisted of multiple well-defined locules
measuring between 4 mm-10 mm, some were filled with a
milky fluid with a volume of approximately 100 mL. There
was no communication between the cystic mass and the
lumen of the small bowel. The tumour was not adherent to
the wall of the intestine or adjacent organs. No ascites was
seen in the peritoneal cavity, nor was there any dilatation
or inflammatory change of the intestines or mesentery.

Microscopic examination revealed that the cystic walls
comprised of smooth muscle were lined with flat endo-
thelial cells (figure 3). The cystic walls were generally thin.
The stroma showed various sizes of small lymphatic spaces
lined by a flat endothelium. Few subendothelial lymphoid



Figure 3. The intestinal wall revealed lymphatic malformation and pre-
sented irregular vascular channels with propagation into the mesenteric
fat (A, H&E, 20x) containing a scattered collection of smooth muscle in
the walls of the larger vascular channels accompanied by a dense perivas-
cular lymphoid infiltration (B, H&E, 50x).

follicles were observed, supporting the diagnosis of cystic
lymphangioma.

The procedure was tolerated well by the patient, with-
out any clinically significant postoperative complications.
The postoperative period was uneventful, and the patient
was discharged on the fifth postoperative day.

Regular check-ups demonstrated that the patient was
completely symptom and disease free. One year after sur-
gery, an abdominal CT revealed no signs of disease recur-
rence.

DISCUSSION

As many as 90% of lymphangiomas present in children
younger than 3 years, and the sex ratio is roughly equal in
childhood (7). These tumour masses are extremely rare in
adults. These cases account for less than 1 in 20,000 to 1
in 250,000 hospital admissions (16,17), and they are more
frequently observed in men than women with a M/F ratio
of 3:1 (18).

This condition is probably a developmental anomaly of
the lymphatic system, explained by its primary occurrence
in children, with over 80% diagnosed in the first few years
of life (19). This theory would explain why lymphangiomas
occur primarily in children. However, it is suggested that
abdominal trauma, lymphatic obstruction, inflammatory
processes, surgery, or radiation therapy may lead to the
secondary formation of such a tumour (16,17).

A review of the English language literature for the 50-
year period from 1960 to 2009 revealed only 19 reports of
small bowel lymphangiomas (20,21). A total of 40 patients
are reported, with a wide age range at presentation from
5 to 75 years, and an equal gender distribution has been
observed. Of the cases in which a specific anatomical small
bowel location was noted, 24 were within the jejunum and
5 in the ileum (20). Hanagiri and colleagues also docu-
mented an additional 33 patients from the Japanese litera-

ture between 1967 and 1990. In addition to the 19 Eng-
lish literature reports, 8 were from the Far East, including
5 Japanese and 3 Taiwanese manuscripts, suggesting that
there may be a Japanese/Taiwanese predisposition to small
bowel lymphangiomas. In the Japanese language literature,
although the age distribution was comparable, there were
twice as many males as females with an equal distribution
between ileum and jejunum (20).

Lymphangiomas are traditionally classified into three
histologic types: capillary (simple), cavernous, and cystic
(7). The capillary type usually originates in the skin and
consists of uniform small thin-walled lymphatic spaces.
The cavernous type is composed of various sizes of dilat-
ed lymphatic spaces associated with lymphoid stroma and
shows a connection with the adjacent normal lymphatic
spaces. The cystic type consists of dilated lymphatic spac-
es of various sizes associated with collagen and smooth-
muscle bundles in the stroma but lacks connection to the
adjacent normal lymphatic spaces. Cystic lymphangioma
findings are similar to cavernous lymphangioma findings
in that dilated lymphatic spaces of variable size are seen
in both (19).

Patients with mesenteric lymphangiomas are usually
asymptomatic and the mass is discovered only incidentally
during examination or surgery for an unrelated illness un-
til the tumours enlarge. Abdominal pain, the presence of a
palpable mass and distention seem to be the most common
symptoms, but the clinical presentation varies.

The mass is usually discovered only incidentally during
examination or surgery for an unrelated illness; however,
some patients may have acute clinical symptoms caused
by compression of the adjacent structures or by compli-
cations such as infection, perforation, torsion and rupture
(22). However, mesenteric lymphangiomas may cause
complications such as infiltration of the intestine, or in-
volvement of the main branch of the mesenteric arteries or
adjacent organs that necessitate segmental resection of the
intestine (23,24,25)

The reason for reporting this case is to emphasize the
fact that the primary treatment for lymphangiomas is radi-
cal surgical excision, even when asymptomatic, because of
its potential to grow remarkably and invade adjacent struc-
tures or develop complications; they also have a risk of sar-
coma transformation upon irradiation.

Other submucosal tumours, such as leiomyoma, lipo-
ma or other cystic lesions, such as enteric duplication cysts
as well as carcinoid tumours or mucocele, should be con-
sidered as the differential diagnoses. Preoperative inves-
tigations, including CT and MRI, give information about
anatomical position, size and extent of the cysts, but they
are insufficient in establishing an accurate preoperative di-
agnosis (26). Sometimes radical resection might be techni-
cally impossible. If radical surgery is not technically pos-
sible, injection of bleomycin or OK-432 into the tumour
has been reported to be effective (27).

Mesenteric lymphangiomas are very rare, but they can
cause acute abdominal symptoms that require emergent
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surgery. Therefore, they should be included in the dif-
ferential diagnosis of the acute abdominal condition. Al-
though benign in nature, mesenteric lymphangiomas may
cause significant morbidity or mortality due to their large
size and critical location when they compress the adjacent
structures.
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ABSTRACT

Production of free radicals and oxidative damage during
physical activity is a topic that is intensively studied and paid
a lot of attention, first of all in professional sports. Marathon
is categorized as extremely demanding sports discipline, as
it induces high energy consumption and also requires special
mental self-control. We presented cases of two athletes of dif-
ferent age, who have been on dissimilar level of sports readi-
ness, and also had various approach to physical activity and
exercise. During 10 days they ran out 10 marathons, partly
on a flat terrain, and partly on hilly, which produced differ-
ent level of effort in conquering the terrain. Also, both ath-
letes had complex supplementation scheme in order to pre-
vent electrolyte imbalance and excessive production of free
radicals. Blood samples were taken in the morning and im-
mediately after the end of the marathon. Measured oxidative
stress biomarkers changed without a noticeable pattern, but
these changes did not vary greatly among themselves. Cata-
lase activity in both marathon runners was higher after mar-
athon almost after every race for 10 days. On the other hand,
amount of reduced glutathione was lower after marathon in
both athletes in the same manner. Based on the obtained re-
sults we can conclude that adequate supplementation could
have crucial role in prevention of oxidative damage.

Keywords: marathon; physical activity; oxidative stress;
reactive oxygen species; supplementation
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SAZETAK

Stvaranje slobodnih radikala i oksidaciono ostecenje je
tema kojoj se posveCuje dosta paznje i koja se intenzivno
istrazuje, pre svega kod profesionalnih sportista. Maraton
se svrstava u izuzetno zahtevne sportske discipline koja po-
drazumeva veliku energetsku potrosnju i specifiénu mental-
nu samokontrolu. Prikazali smo sluéaj dvojice maratonaca
razlicite starosne dobi, razlicite fizicke spremnosti i sa ra-
zlicitim prisupom fizickoj aktivnosti i vezbanju. Tokom 10
dana istréali su 10 maratona, delom na ravnom, a delom
na brdovitom terenu, sto je uzrokovalo razlicito opterelenje
tokom savladavanja pojedinih deonica. Takode, trkaci su
imali kompleksnu shemu suplementacije u cilju prevencije
elektrolitnog disbalansa i prekomerne produkcije slobodnih
radikala. Uzorci krvi su uzimani ujutru i odmah nakon za-
vrSetka maratona. Promne vrednosti merenih biomarkera
oksidacionog stresa nisu imale bilo kakav obrazac, ali ove
promene nisu znacajno varirale izmedu maratonaca. Aktiv-
nost katalaze kod oba maratonca je bila znatno visa nakon
maratona gotovo tokom svih 10 dana. Sa druge strane, ko-
licina redukovanog glutationa je bila niza nakon maraton
kod oba trkaca. Na osnovu dobijenih rezultata moze da se
zakljuci da adekvatna suplementacija moze da ima presud-
nu ulogu u prevenciji oksidacionog osteéenja.

Kljucne reci: maraton; fizicka aktivnost; oksidacioni
stres; reaktivne vrste kiseonika; suplementacija
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INTRODUCTION

Intense physical activity lasting over prolonged period
of time presents great challenge even for well-trained ath-
letes. Marathon is categorized as extremely demanding
sports discipline, as it induces high energy consumption
and also requires special mental self-control. However, as
one of the oldest and most demanding sports disciplines,
marathon is very popular both between professional ath-
letes and for people who practice sports occasionally. De-
spite this fact, we do not have enough data on influence of
trainings and marathon competitions on redox balance in
athlete’s body, its effect on production and elimination of
free radicals and elements of antioxidative system, and as
result of this possible tissue damage caused by free radicals.

Oxidative stress is actually misbalance between pro-
duction and elimination of free radicals. Numerous ex-
ternal and internal factors causes increased production
of reactive type of oxygen and nitrogen (RONS), amongst
others, physical activity is also accounted here. In early
80-ties causal relationship between physical activity and
producing of RONS was noticed (1). Increased demand
for ATP during aerobe physical activities can initially over-
whelm electronic transport chain located on inner mem-
brane of mitochondria and causes increased production
of superoxide anion radicals (2). Taking into consideration
that such increased production of free radicals is mainly
of moderate extent, it is higher probability that physical
activity and RONS produced in mitochondria’s of skeletal
muscles play role in signal paths, rather than directly in-
ducing oxidative stress (3). Increased RONS production
during moderate and repeated physical activity changes
gene expression, which can cause genesis of mitochondria
and increasing its capacity (4). However, increased oxygen
consumption during intense oxidative phosphorylation oc-
curring while practicing physical activity, as well as releas-
ing catecholamine directly causes production of RONS,
as well as increased phagocyte activity caused by muscle
damage during physical activity (5). In addition to skeleton
muscles, liver also plays very important role in body re-
sponse to acute and repeated physical activity, as well as
in the process of body adapting to increased production of
free radicals and inflammation (6).

Sports training means body exposure to repeated peri-
ods of physical endeavor with aim to evolve mechanisms
of adaptation to changes occurring in body during physical
activity hormesis rule (7). However, physical endeavor of
high intensity causes multiple changes which overstretch
mechanisms of adaptation, eventually causing oxidative
stress and inflammation and resulting in deterioration of
physical parameters (8). Results of research on the topic of
marathon effect on free radicals production and oxidative
stress are contradictory and non-conclusive (9); while in
other research has been shown that ultra-marathon does
not cause significant changes in redox balance (10).

Taking into consideration all above facts, aim of this
research is following of biochemical parameters and bio-
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markers of oxidative stress and elements of anti-oxidative
system in two marathon runners, of different age and dif-
ferent previous sports exposure and experience, who ran
10 marathons in 10 consecutive days, with previously es-
tablished program for diet, supplements, recovery and rest.

CASE REPORT

We followed two athletes (S1 and S2) of different age
(S1 — 22 years, S2 — 44 years), who have been on dissimilar
level of sports readiness, and also had various approach to
physical activity and exercise (S1 is professional triathlon
sportsman, while S2 is non-professional marathon run-
ner). Both participants were healthy, without any anatomic
specifications of the body. During 10 days they ran out
10 marathons, partly on a flat terrain, and partly on hilly,
where the altitude varied from 342 to 1161 meters above
sea level, which produced different level of effort in con-
quering the terrain.

Both athletes were monitored daily for 10 days, in fol-
lowing areas: body weight, arterial tension, maximal and
average heart rate, calories consumption, as well as sup-
plements and recovery plans. Waking up occurred every
day at 8:00 am, followed by morning measurement (body
weight and arterial tension) and taking a blood sample at
8.30, breakfast at 9:00, with taking supplements during
breakfast. Second blood sample was taken right after the
end of the marathon. Marathon started at 12:00, and par-
ticipants took rehydration during marathon. Immediately
after finishing marathon second measurement of body
weight and arterial tension was conducted, as well as sec-
ond blood drawing. Recovery cocktail was taken around
17:00, and dinner and supplements were taken at 18:00.
Massage and recovery was around 20:00, together with
supplements. Going to bed was between 21:30 and 22:00.

Over the course of these 10 days of marathon races,
runners on average imported 250 g of proteins, 500 g of
carbohydrates, 60 g of fats and 7 g of fibers, which totals
about 4000 kcal, while the average energy consumption
per marathon amounted to 2289 kcal. Supplements before
the start of marathon meant taking of 333.3 mg Ca**, 133.3
mg of Mg*, 8.3 mg of Zn*, 1000 mg of Omega-3 fatty ac-
ids, 100 mg of CoQ10 and 400 IU of vitamin E. Solution

Table 1. Reference values for observed laboratory parameters in the gen-
eral population

Glucose 4.1-6.4 mmol/L
Urea 2-9 mmol/L
Creatinine Female: 45-90 pmol/L
Male: 50-105 umol/L
Protein 66-83 g/L
Albumin 35-52 g/L
Globulin 25-33 g/L
Potassium 3.6-5.5 mmol/L
Sodium 135-155 mmol/L
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for rehydration during marathon race contained amino
acid solution (20 ml), 5 g of glutabolic, 20 g of dextrose, 5
g of potassium chloride, 1000 mg of vitamin C dissolved
in 1000 ml of water. Recovery cocktail contained 45 g of
whey proteins, 44 g of carbohydrates and complex of vita-
min B. Supplements at the end of the day meant 1000 mg
of Omega-3 fatty acids, 44 g of carbohydrates, 333.3 mg
of Ca?*, 133.3 mg of Mg*, 8.3 mg of Zn?* and 3 tablets of
vitamin B complex.

Values of blood glucose, as well as urea and creatinine,
varied mainly within physiological range (Figure 1, Table
1). Similarly, blood protein, albumin and globulin levels
were maintained within normal values (Figure 1, Table
1). In both runners serum potassium levels were higher
after marathon compared to values before, but in the 7%
and 8" day these values were considerably above the up-
per limit value (Figure 1, Table 1). Serum sodium levels
were changed without a certain rule, but mostly within the
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physiological range (Figure 1, Table 1). All mentioned bio-
chemical parameters were measured using standard bio-
chemical procedures.
Measured oxidative stress biomarkers (Level of lipid
peroxidation measured by thiobarbituric acid assay —
TBARS, Nitrites - as a measure of released nitric oxide
(NO), Superoxide anion radical, and Hydrogen peroxide)
changed without a noticeable pattern, but these changes

did not vary greatly among themselves (Figure 2). All above
mentioned oxidative stress biomarkers were determined
spectrophotometrically using the previously described
methods (11-14).

Catalase activity in both marathon runners was higher
after marathon almost after every race for 10 days (Figure
3). On the other hand, amount of reduced glutathione was
lower after marathon in both athletes in the same manner
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(Figure 3). Activity of superoxide dismutase did not exhibit
any regular pattern of changes (Figure 3). Similarly to oxi-
dative stress biomarkers, values of described antioxidative
elements were determined by spectrophotometry (15-18).

DISCUSSION

Kratz and coworkers in their study followed 37 mara-
thon runners during the 2001 Boston Marathon and
showed the statistically significant increase of in the values
for glucose, albumin, total protein, creatinine and some
other biochemical parameters, which were not the subject
of this investigation, 4 hours after marathon (19). Namely,
authors of mentioned study took blood samples day before
marathon, and 4 hours and 24 hours after marathon. 24
hours after marathon values of creatinine were still higher
compared to values before marathon. On the other hand,
there were statistically insignificant increase in values of
sodium and potassium. Traiperm and colleagues followed
fifty adolescent marathon runners, and blood samples
were taken before, at the end and 24 h after a marathon
to investigate parameters of metabolism, liver and kidney
function (20). There was a statistically significant increase
in the levels of blood glucose and creatinine immediately
after the race. Bearing in mind that in this investigation
glucose and creatinine level were generally maintained
within the physiological values, these discrepancies could
be the consequence of different amount of carbohydrate in
rehydration beverages. Gratze and coworkers in their study
showed unchanged values of serum potassium before and
after marathon (21).

In a study performed by Mrakic-Sposta and colleagues
it was assessed the effect of mountain ultra marathon
(MUM) on production of ROS and oxidative damage in
forty-six experienced ultra-marathon runners (10). It
was shown that this extreme physical effort has induced
increase in production of free radicals, antioxidative de-
fense and oxidative damage. These results differ from the
results of this research, and this difference could be the
consequence of various race regimes, as well as probably
different supplementation protocols. Namely, MUM rep-
resents an extreme physical effort, much more demanding
than the regime in this research, while there was no spe-
cific supplementation protocol and any control of use of
vitamin/minerals supplements, herbs and medications. Sa-
maras and coauthors showed results regarding the effects
of different supplementation regimes on redox balance
and endothelial function in ultra-marathon runners for a
two-months-period (22). In group of athletes with supple-
mentation enriched with whey protein bar containing car-
bohydrates and protein in a specific ratio (1:1) and tomato
juice, measured oxidative stress biomarkers (total antioxi-
dant capacity - TAC, GSH, TBARS and protein carbonyls
- CARB) were significantly lower. Similarly to the results of
this study, Ypatios and colleagues pointed out the reduction
of GSH during MUM race of 103 km (23), while TBARS,

TAC, CARB, CAT activity in erythrocytes, as other mea-
sured parameters of oxidative stress, were widely varied in
the respondents, so there were no statistically significant
differences in the changes. Bearing in mind the results of
this study and other mentioned investigations it is indica-
tive that it is not possible to define a redox status change
pattern during physical activity, above all extreme physical
efforts. One of the reasons for the nonconformity of re-
search results that deal with this topic is a large number of
factors that can affect redox balance, but supplementation
with antioxidants is probably one of the key issues (24).

CONCLUSION

Taking into account the results of this case presenta-
tion, and other studies dealing with similar topics, it can
be concluded that redox balance during physical activity
depends on many factors. Namely, increased production
of free radicals during physical activity is undisputed, but
oxidative damage could be prevented. One of the most im-
portant links in extreme physical efforts is adequate sup-
plementation, among other things, the use of appropriate
antioxidants at the right time. Some future investigations
should reveal what are the most appropriate supplements
in certain types of sports, and how to adapt them to each
athlete individually in accordance with their constitution
and needs, in order to achieve as good results as possible
with the least damage.
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