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ABSTRACT

Aim: The aim of this experimental study is to investigate the effects of N-ace-
tylcysteine and melatonin on cholestasis and their protective effects on liver and
renal injury.

Materials and Methods: Forty-eight rats were used in the study. Rats were
divided into three main groups as sham, main control, and study groups.
The main control group is further divided into early sacrification group and con-
trol group. The study group is divided into melatonin, N-acetylcysteine, and me-
latonin & N- acetylcysteine groups. A laparotomy was performed in study and
control groups,and the common bile duct was ligated and divided. Five days after
the first operation, blood samples liver and renal tissues were collected from
early sacrification group. Between postoperative days five and ten, melatonin,
N-acetylcysteine, melatonin & N-acetylcysteine solutions were applied to the
rats in the study group subcutaneously and saline to the sham and control group.
Blood samples, and liver tissues, and renal tissues of the rest of the rats were
collected. Results: AST, ALT, BUN, creatinine, total bilirubin levels were signifi-
cantly higher in rats with jaundice than in sham group . AST, ALT, total bilirubin,
BUN, creatinine levels were significantly higher in the control group at the end of
day ten. Among the melatonin group, N- acetylcysteine group, and melatonin &
N-acetylcysteine group, all biochemical parameters were not different. Also, the
MDA and NO levels were higher in control group in comparison with the study
groups. On the other hand, there was no significant difference between the me-
latonin group, N-acetylcysteine group, and melatonin & N- acetylcysteine group
on behalf of MDA and NO levels, and histopathologic findings.

Conclusion: Use of melatonin and N-acetylcysteine in rats with obstructive jaun-
dice prevents damages to free oxygen radicals on the liver and renal tissue.

Keywords: Melatonin, N-acetylcysteine obstructive jaundice, free oxygen radi-
cals

OZET

Amag: Tikanma sarilikli siganlarda, koletastazda N-asetilsistein ve melatoni-
nin etkilerini ve karaciger ve bobrek hasarinda koruyucu rollerini arastirmak ve
karsilastirmak amaglandi.

Materyal ve Metod: 48 sigan ¢alisma i¢in kullanildi. Siganlar sham, ana kontrol
ve ¢aligma olarak 3 ana gruba ayrildi. Daha sonra ana kontrol grubu erken sak-
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rifikasyon grubu ve kontrol grubuna ayrildi. Calisma gruplart kendi icinde melatonin, N—asetilsistein ve melatonin & N— ase-
tilsistein olmak tizere ii¢ ayr1 alt gruba ayrildi. Caligma ve kontrol gruplarinda laparotomi yapildi, koledok doniildii, bagland:
ve kesildi. Islemden 5 giin sonra erken sakrifikasyon grubunda; kan &rnekleri, karaciger ve bobrek dokular1 alindi. Caligma
gruplarinda besinci giinden baslayarak 10. giine kadar subkutan olarak melatonin, N—asetilsistein ve melatonin & N-asetil-
sistein uygulandi, sham ve kontrol gruplarina serum fizyolojik verildi. 10. Giinde tiim gruplardan kan 6rnekleri, karaciger ve
bobrek doku drnekleri alindi.

Bulgular: Total biliriibin, AST, ALT, kreatinin seviyeleri sarilikli siganlarda anlamli olarak yiiksekti. 10. glinde kontrol grup-
larinda AST, ALT, total bilirubin, BUN, kreatinin seviyeleri anlamli olarak yiiksekti. Melatonin, N—asetilsistein ve melatonin
& N-asetilsistein gruplari karsilastirildiginda tiim biyokimyasal parametrelerin seviyelerinde anlamli fark saptanmadi. Kontrol
grubunda MDA ve NO seviyeleri ¢alisma grubundan daha yiiksek saptandi. Melatonin, N—asetilsistein ve melatonin & N-ase-
tilsistein gruplari karsilastirildiginda MDA ve NO seviyeleri agisindan farklilik yoktu. Histopatolojik bulgularda MDA ve NO
degerleri ile benzerlik gdsteriyordu.

Sonug: Tikanma sarilikli siganlarda melatonin ve NAC kullanilmasi karaciger ve bobrek dokusunda serbest oksijen radikalle-
rinin yaratt1g1 hasardan korur.

Anahtar kelimeler: Melatonin, N—asetilsistein, tikanma sarilig, serbest oksijen radikalleri

1. INTRODUCTION only seen at pharmacological doses (8,9). N-Acetyl-

cysteine (NAC) is the name given to the N-acetylat-
Obstructive jaundice is characterized by obstruction ed derivative of a thiol molecule, L-Cysteine, which
of bile flow and accumulation of bile in the liver. is a natural amino acid(9). NAC exerts a direct an-
Various pathologies such as obstructive, inflamma- tioxidant effect by interacting with the electrophilic
tory, and genetic processes result in cholestasis in the group of oxidant radicals through the nucleophilic
liver. The cause of hepatocyte damage is the accu- free thiol group(11).

mulation of bile acids during cholestasis. In addition,

cytotoxic bile acids cause necrosis and fibrosis in the Liver and kidney injury induced by common bile

duct ligation has become a widely used experimental

liver and kidney(1).

animal model in recent years. Melatonin and NAC
In the etiopathogenesis of liver fibrosis, infarcts de- were used in separate studies in the liver of rats de-
veloping in the biliary tract, oxidative stress created veloping jaundice after common bile duct ligation.
by free radicals, and an increase in lipid peroxida- However, to our knowledge, this study is the first
tion were found to be effective (2,3). It is previously one in which the effects of melatonin and NAC both
known that bile acids accumulating in the tubules in in the liver and kidneys are examined (3,12,13). The
the kidney tissue cause tubular necrosis and granu- aim of this study is to compare the seperate and pos-
lovacuolar degeneration with the damage caused sible synergistic antioxidant effects of melatonin and
by free oxygen radicals, similar to those in the liver. N-acetylcysteine on the liver and kidneys.

Oxidative stress and lipid peroxidation products can
increase collagen synthesis by stimulating stellate
cells in the liver, causing bile infarcts and tubular de-
generation and necrosis in the kidney (4).

2. MATERIAL and METHOD

This experimental study was carried out at Erciyes

Melatonin or N-acetyl-5-methoxytryptamine (MEL) University Faculty of Medicine Hakan Cetinsaya Ex-
is the main substance secreted by the pineal gland perimental and Clinical Research Center (DEKAM).
(5). Melatonin has been shown to have a scaveng- Prior to the study, Erciyes University Faculty of
ing effect on highly toxic hydroxyl radicals and other Medicine Ethics Committee approval was obtained.

oxygen-derived radicals. The receptors mediating
this effect are unknown. In a study, it was shown
that melatonin is more effective than other known Forty-eight Wistar—Albino rats (200-250 g) were
antioxidants (such as mannitol, glutathione, Vit E, housed under standart conditions with a 12/12 h
Vit C) (6,7). Yet, the antioxidant effect is probably light/dark cycle, with free access to food and wa-

2.1. Animals and experimental procedure
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ter. Rats were randomly divided into eight groups.
After fastin over night, Ketamine-HCL (10mg/kg) is
administered intraperitoneally as an anesthetic agent
to rats. Cefazolin (17 mg/kg im) prophylactic antibi-
otic is administered. After the administration of the
anesthetic, the abdomen is shaved with a razor and
cleaned with batticon solution. A laparotomy is per-
formed through a midline incision under sterile con-
ditions. The liver hilum is explored, the common bile
duct is ligated with 5/0 silk and sectioned close to
the liver hilum. The fascia is closed with 3/0 silk, the
skin is closed with 4/0 silk, and the skin was cleaned
with batticon.

Group [I. Sham group (n=8): The
mon bile duct is mobilized without ligation.
Group II. Control-1 (jaundice-early
tion) group (n=8): The common bile ducts are
surgically ligated and excised. After five days,
5 ml of blood was taken via relaparotomy and
the liver and kidneys of the rats are harvested.
Group III. Control-2 (jaundice) group (n=8):
The common bile ducts of the rats in this
group are surgically ligated and excised. Start-
ing on the 6th day after laparotomy, 2 cc of
saline was given subcutaneously for 5 days.
Group IV. Study group (jaundice—melatonin) (n==8):
The common bile ducts of the rats in this group were
surgically ligated and excised. Starting on the 6th day
after laparotomy, 10 mg/kg of melatonin is adminis-
tered subcutaneously to each rat daily until the postop-
erative 10th day, approximately 2 mg/2cc of melatonin.
Group V. Study group (jaundice-NAC) (n=8): The
common bile ducts of the rats in this group are sur-
gically ligated and excised. Starting on the 6th day
after laparotomy, 150 mg/kg NAC is administered
subcutaneously to each rat daily until the postopera-
tive 10th day.

com-

sacrifica-

Group VI. Study group (jaundice—Melatonin &
NAC) (n=8): The common bile ducts of the rats in
this group are surgically ligated and excised. Starting
on the 6th day after laparotomy, 10 mg/kg of mela-
tonin and 150 mg/kg of NAC are administered sub-
cutaneously to each rat daily until the postoperative
day 10.

Relaparotomy is performed on the postoperative
day 10, and 5 ml of blood is collected and the liver
and kidneys are harvested in groups III, IV, V, VL
Alanine aminotransferase (ALT), and aspartate ami-
notransferase (AST) activities are determined, total
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bilirubin, blood urea nitrogen (BUN), and creatinine
levels, and as indicators of lipid peroxidation in the
liver, malondialdehyde (MDA) and Nitric oxide
(NO) levels, are measured.

2.2. Histopathological Evaluation

Liver: Micro-abscesses formed by cholestasis in the
liver, enlarged bile canaliculi, and necrosis in the por-
tal area were noted via light microscopy. In the eval-
uation of biliary infarcts and portal area necrosis, the
decision was made according to the size of the largest
necrosis and biliary infarct area. It was evaluated as 0
points if there was no biliary infarction and necrosis,
1 point if the size of the bile infarct and necrosis was
smaller than 1 high magnification field, 2 points if it
was equal to 1 high magnification field, and 3 points
if it was larger than 1 high magnification field(14).
Kidney: Granulovocouolar degeneration and width
in renal tubules were examined semiquantitatively as
stated by Chen et al. (11).

No renal tubule damage = 0

Renal tubule damage >25% =1
Renal tubule damage 25-50% =2
Renal tubule damage 50-75% =3
Renal tubule damage 75-100% = 4

STATISTICAL ANALYSIS

Data are presented as meantstandard deviation
(X£SD) and/or median (min.—max.). The distri-
bution of the data was analyzed with the Kolmog-
orov-Smirnov test. Variable distributions of AST,
ALT, creatinine, MDA, and NO were defined as
meantstandard deviation (X+SD). The difference
of these variables between the groups was examined
using the Tukey test. Since the data did not show nor-
mal distribution according to the groups, the com-
parison of all groups was made with Kruskal Wallis
analysis of variance. Statistics; It was done in Sta-
tistical Package for the Social Sciences (SPSS) for
Windows (15.0 version). p<0.05 values were consid-
ered statistically significant.

RESULTS

1. BIOCHEMICAL TESTS

1.1. Total Bilirubin (mg/dl):

Total bilirubin values measured in early sacrifica-
tion (P=0.001), control (P=0.001), and melatonin

Ekici et al.
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(P=0.001), NAC (P=0.002) groups were signifi-
cantly higher than in the sham group. There was no
statistically significant difference between the Sham
group and the melatonin & NAC group (P=0.166).
Total bilirubin values were higher in the control
group compared to melatonin group (P=0.001). Con-
sidering the time, no significant difference was found
between the early sacrification and control groups
on the 5th and 10th days in terms of total bilirubin
values (P=0.614). There was no statistical difference
between the melatonin and NAC groups (P=0.732),
there was no statistical difference between the mela-
tonin and melatonin & NAC groups (P=0.134), and
there was no statistical difference between the NAC
and melatonin & NAC groups (P=0.507) (Table 1).

1.2. AST (U/L):

Considering all groups, AST values were statistical-
ly significantly lower in the sham group than in the
control (P=0.001) and early sacrification (P=0.001)
groups. AST values in the

control group were higher than the AST values in the
melatonin (P=0.001), NAC (P=0.001), melatonin &
NAC (P=0.001) groups. There was no statistical dif-
ference between the control group and the early sac-
rification group (P=0.665). There was no difference
between the melatonin, NAC (P=0.961), melatonin
& NAC (P=0.976) groups. There was no difference
between the NAC group and the melatonin & NAC
group (P=0.661) (Table 1).

1.3. ALT (U/L):

When the ALT values of the sham group were com-
pared with all other groups, there was a statisti-
cally significant difference in the early sacrification
(P=0.001) and control (P=0.001) groups. Lower ALT
levels were found in the Sham group. There was no
statistically significant difference in ALT values in
the early sacrification group compared to the control
group, but they were relatively lower (P=0.665). ALT
values in the control group were higher than the ALT
values in the melatonin (P=0.007), NAC (P=0.002),
melatonin & NAC (P=0.017) groups. There was no
statistical difference between the control group and
the early sacrification group (P=0.628). There was no
difference between the melatonin, NAC (P=0.997),
melatonin & NAC (P=0.954) groups. There was no
difference between the NAC group and the mela-
tonin & NAC group (P=0.970) (Table 1).

25

1.4. BUN (mg/dl):

There was no statistically significant difference
between the Sham group and the early sacrifi-
cation (P=0.356), melatonin (P=0.134), NAC
(P=0.475) and melatonin & NAC (P=0.569) groups.
BUN levels in the control group were significant-
ly higher than the BUN levels in the melatonin
(P=0.001), NAC (P=0.001), melatonin & NAC
(P=0.001) groups (Table 1). There was no difference
between the melatonin group and the NAC (P=0.975)
and melatonin & NAC (P=0.947) groups (Table 1).

1.5. Creatinine (mg/dl):

There was a statistically significant difference be-
tween sham group and early sacrification (P=0.001)
and control group (P=0.001) in terms of creatinin
levels. Higher creatinine levels were detected in the
early sacrification and control groups. There was no
statistically significant difference between the early
sacrification group and the melatonin (P=0.684),
NAC (P=0.217) and melatonin & NAC (P=0.126)
groups.

A statistically significant difference was found be-
tween the control group and the melatonin group
(P=0.001), the NAC group (P=0.006), and the me-
latonin & NAC (P=0.003) groups. There was no dif-
ference between the melatonin group and the NAC
group (P=0.991) and the melatonin & NAC group
(P=0.078) (Table 1).

2. LIVER AND KIDNEY MDA AND NO
RESULTS

2.1. Liver MDA Results (nmol/g protein):

The MDA level, which was measured in the study
groups (melatonin (P=0.001), NAC (P=0.001), me-
latonin & NAC (P=0.001)), was found to be sig-
nificantly lower than the control group (Table 4).
There was no statistical difference between the sham
group and the study groups [melatonin (P=0.067),
NAC (P=0.104), melatonin & NAC (P=0.381)].
MDA levels were not statistically significant in
the comparison between the early sacrification
group and the control group (P=0.765) (Table 2).
2. Kidney MDA Results (nmol/g protein):

MDA values , which were measured in kidney tissue
on day 10, of the study groups were significantly low-
er than the control group [melatonin (P=0.001), NAC
(P=0.001), melatonin & NAC (P=0.001)] (Table 2).

ISSN: 2458 - 8806
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There was a statistically significant difference be-
tween the study groups in the sham group [mela-
tonin (P=0.001), NAC (P=0.001), melatonin & NAC
(P=0.000)]. There was no statistical difference be-
tween the study groups (p>0.05). MDA levels were
significantly different in the comparison between
the early sacrification group and the control group
((P=0.001) (Table 2)

2.3. Liver NO Results (nmol/g protein):

The NO values measured in the liver on the 10th day
in the study groups were significantly lower than
in the control group [melatonin (P=0.001), NAC
(P=0.001), melatonin & NAC (P=0.001)] (Table 2).
There was no statistical difference between the sham
group and the study groups [melatonin (P=0.995),
NAC (P=0.580), melatonin & NAC (P=0.480)].
There was no statistical difference between the study
groups (p>0.05). In the comparison made between
the early sacrification group and the control group
(P=0.697), there was no significant difference be-
tween NO levels (Table 2).

2.4. Kidney NO Results (nmol/g protein).

WhentheNOlevelsmeasuredonthe 10thdaywerecom-
pared, NO level of study groups [melatonin (P=0.001),
NAC (P=0.001), melatonin & NAC (P=0.000)]
was significantly lower than the control group.
There was no statistical difference between the sham
group and the study groups [melatonin (P=0.989),
NAC (P=0.384), melatonin & NAC (P=0.287)].
There was no statistical difference between the study
groups (p>0.05). Similarly, there was no significant
difference in NO levels between the early sacrifica-
tion group and the control group (P=0.516) (Table 3).

3. HISTOPATHOLOGICAL FINDINGS

Micro-abscesses formed by cholestasis in the liver,
enlarged bile canaliculi, and lymphocyte infiltration
were evaluated histopathologically. Granuvocouolar
degeneration in the kidney and width of the renal tu-
bules were evaluated semiquantitatively. Liver and
kidney samples were stained with H&E and evalu-
ated by beam microscopy. Bile infarcts, necrosis and
fibrosis in the liver tissue were evaluated. There was a
statistically significant difference between the Sham
group and all other groups (p<0.001). There was no
statistically significant difference between the early
sacrification group and the control group (p>0.05)
(Table 3). A statistically significant difference was
found between the control group and the study group
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(p<0.001). There was no statistically significant
difference between the melatonin, NAC or mela-
tonin & NAC groups (p>0.05) (Table 3) (Picture 1).
Granuvocouolar degeneration in kidney tissue and
width of the renal tubules were examined semiquan-
titatively. A statistically significant difference was
observed between the sham group and the groups
other than the NAC group in terms of “ Granuvo-
couolar degeneration in kidney tissue and width of
the renal tubules (p<0.05). There was no significant
difference between the early sacrification group and
the control group (p>0.05). It was statistically signif-
icant (p<0.001) in the evaluation made between the
control group (Picture 2) and the study group. There
was no statistically significant difference between
the melatonin, NAC and melatonin & NAC groups
in the study group (p>0.05) (Table 3).

DISCUSSION

Although hypovolemia at the cellular level and in the
extracellular environment, increase in free oxygen
radicals, endotoxemia and decrease in antioxidant
functions play an important role in the deterioration
in renal functions in obstructive jaundice, the etiol-
ogy is still unclear (15).

In addition, the balance between oxidative andanti-
oxidative systems and an increase in lipid peroxida-
tion in the liver detoriorates during obstructive jaun-
dice (1,4). This may lead to severe bacterial trans-
location as a result of intestinal barrier dysfunciton
along with increased bacterial overgrowth int he
course of obstructive jaundice (16,17).

Serious clinical problems such as acute respira-
tory distress syndrome, renal failure, hepatorenal
syndrome, and cardiovascular failure may accom-
pany obstructive jaundice (18, 19). Previous studies
showed some pathological changes in tubular epithe-
lial cells in both the control and treatment groups in
the experimental model of obstructive jaundice, as
well as, congestion in the vascular bed and venous dil-
atation (3). In our study, bile pigments were observed
in the proximal tubules both in the study and control
groups. Kidney damage was diminished in treated
rats. The early increase in kidney function tests was
found to be limited after antioxidant therapy. These
results can be interpreted as early initiation of during
jaundice will reduce kidney damage. It has been also
determined that it is possible to detect the kidney
damage due to the precipitation of bile pigment in the

Ekici et al.
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early period of jaundice by kidney function tests, and
oxidant activity parameters such as MDA and NO.
Besides its antioxidant effect, melatonin also stimu-
lates many antioxidant enzymes and inhibits the syn-
thesis of prooxidant enzymes and nitric oxide (8,9).
In our study, the kidney damage in rats given mela-
tonin was found tobe diminished when compared to
rats with jaundice, in line with the article mentioned
above. The creatinine levels were statistically higher
in the early sacrification group in comparison with
the sham group, and jaundice in the earlier stage
seemed to cause tissue damage in the kidney. We
observed that on the day 10, there were irreversible
foci of necrosis that developed in the kidney, and
the degeneration of the tubules which were became
widespread foci of necrosis in the kidney.

In our study, MDA levels were found to be signifi-
cantly lower in the group given melatonin. The MDA
levels started to decrease even on the first day of the
the administration of melatonin. Eventhough an anti-
oxidant treatment was given, it was thought that the
damage to the tissue could not be completely pre-
vented, but it was thought that permanent damage
could be prevented via this antioxidant treatment by
reducing apoptosis and minimizing tissue damage.

Hepatic damage and oxidative stress in jaundice de-
velops through a nitric oxide-mediated system. The
reason why we used NO measurement to determine
oxidative stress in our study was to detect instant ox-
idative stress. A decrease in oxidative stress param-
eters, decline in MDA levels with diminished bile
duct necrosis and hepatocyte thinning were detected
with low-dose melatonin administration. However, it
has been suggested in a previous study that new stud-
ies are needed to determine whether this effect of
melatonin is dose-dependent or not (18). Contrary to
its antioxidant effects against ischemia/reperfusion
injuryin in vivo studies, melatonin has been reported
to have no effect on reducing the extent of the infarct
area as melatonin showed a decrease in MDA, which
is an indicator of lipid peroxidation, the prevalence
of the infarct area continued (19).

Chen et al. previously reported the tissue damage in
kidneys during obstructive jaundice along with the
increase in plasma and renal tissue levels of MDA.
They found a correlation between MDA levels and his-
topathological damage in the kidneys. Lower levels
of MDA, as well as, histopathological damage stage
of kidneys with the melatonin treatment. The authors

found kidney damage, even in the sham group, which
they attributed to laparotomy and repeated injections
(12). Yet, we did not encounter any pathological lab-
oratory findings detected in the sham group in terms
of MDA and renal tissue damage in our study. In fact,
we detected lower MDA levels in the sham group
than both the control and treatment groups and did
not see any oxidative stress , or a damage caused by
subcutaneous administration and laparotomy in rats.
Oxidative stress plays a crucial role in complications
associated with cholestasis. Tissue antioxidant ca-
pacity is inhibited in different tissues of cholestatic
animals. Antioxidant therapy may play a role in the
management of organ damage caused by cholestasis.
NAC is known to reduce biomarkers of oxidative
stress in cholestatic animals. NAC has been found to
significantly improve tissue histopathological chang-
es in cholestatic rats (20).

In the study examining the free radical scavenging
effect of NAC in renal ischemia- reperfusion injury,
they reported that free oxygen radicals play an im-
portant role in renal ischemia-reperfusion injury, and
lipid peroxidation increases rapidly after reperfusion.
They found that glutathione stores were reduced in
ischemic tissue. It is known that glutathione protects
the cell by interacting directly with hydrogen per-
oxide, superoxide, alkoxyl radicals (21). It is known
that the rate of oxidized glutathione increases and
the reduced form decreases in renal failure. It was
determined that the amount of reduced glutathione
increased with the administration of NAC. It has a
protective effect against glutathione reperfusion
damage with its direct free radical scavenging ef-
fect and indirect effects. NAC reduced MDA levels.
Histopathologically, tubular necrosis was reduced by
giving NAC in the current study. NAC reduced the
level of MDA, a marker of lipid peroxidation, and
kidney damage, and reversed the decrease in glu-
tathione stores. In jaundice, an ischemia-reperfusion
injury occurs after bilirubin precipitation into the tu-
bules in the kidney (21). In our study, MDA and NO
levels detected in kidney tissue of rats given NAC
were lower than control group rats. Areas of granu-
lovocuolar degeneration were lower in NAC-treated
rats. It was thought that the regression of the damage
developing in the kidney and the persistence of this
damage can be prevented when treatment is started
in the early period such as NAC and melatonin.

No significant difference was observed in terms of
antioxidant effect in comparison of MDA and NO
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levels of the melatonin or NAC groups with the lev-
els of melatonin & NAC group. This may be due to
competition of the antioxidant systems of the rats
treated with both the substances together with the
antioxidant effects of mealtonin & NAC itself which
may have caused a slowdown in antioxidant activ-
ity. Melatonin enters the cell more rapidly as it has
a lipophilic structure. The relationship of melatonin
specific receptors on the cell membrane with NAC
is unclear. There may be a competition between me-
latonin & NAC in terms of binding to these recep-
tors. NAC is the precursor of glutathione, and both
substances show their antioxidant effects through
NO synthetase. Therefore, there may be a decrease
in activity because of the competition between these
two of both antioxidants.

Bile infarction occurs as a result of duct damage
due to increased biliary pressure, direct effects of
bile components on hepatocytes, and indirect effects
of bilirubin and bile acids in the blood. It has been
shown that there is an increase in Kupffer cell ac-
tivity, prominent phagocytic vacuoles, and moder-
ate congestion in the sinusoids at the borders close
to these areas of necrosis. In the first week of ob-
struction, edema, neutrophils and lymphocytes can
be seen in the portal area (22). Bile duct prolifera-
tion in the periportal region is observed with portal
inflammation. If the obstruction persists, fibrosis
and fibrous septa bridging across the periportal and
periseptal areas are observed, which are indicators
of chronic cholestasis. Bile plugs are scattered or ab-
sent. Continuing morphological changes in the liver
result in the formation of secondary biliary cirrho-
sis and regeneration nodules after months in living
experimental animals (22). Developing infarct, fi-
brosis at the end of the first week; areas of necrosis
increase, tissue damage becomes permanent. When
antioxidant therapy is started in the early period, fi-
brosis can be slowed down, and bilirubin levels can
decrease even though obstructive jaundice continues.
It has been seen in our study that permanent damage
to the tissue can be prevented. Less tissue damage
was detected in the treated groups compared to the
jaundiced rats (Picture 1).

In the comparison of total bilirubin, AST and ALT
levels (Table 1), lower bilirubin values were ob-
tained in treated rats when both control and treatment
groups were taken into account in our study. In our
study, a statistically significant decrease was found
in the MDA and NO levels (Table 2) in both heaptic

Volume 42 / Number 1 / March 2022 / pp. 22-30

28

and renal tissues. We thought that co-administration
of both antioxidant agents would create a synergistic
effect. However, when we considered the AST, ALT
and total bilirubin values (Table 1), we could not find
any findings to prove our claim. The antioxidant ac-
tivities of both melatonin and NAC were noted in
many steps, and these activities were similar in ac-
tion, such as the formation of peroxynitrite with NO
synthase. With these properties, a relative decrease
in antioxidant effect was detected in the groups given
both drugs together, which suggests that both agents
compete to interact chemically. No significant differ-
ence was observed between the melatonin and NAC
groups. The superiority of melatonin over NAC in
terms of antioxidant properties was not found in our
study.

By extending the study period, including antioxidant
parameters (measurement of superoxide dismutase,
glutathione, etc.), oxidative parameters such as MDA
and NO, it is possible to compare the efficacy of
both substances against reactive oxygen species and
to determine the differences between melatonin and
NAC. Besides, intracellular cholestasis, biliary in-
farcts, and ductal proliferation were observed in the
study and control groups. When both NO and MDA
levels, and histopathological findings were evalu-
ated, no significant difference was found between
treatment . Yet, the comparison between sham group,
ecarly sacrification and the treatment groups, it was
determined that especially the antioxidant activity
and tissue damage were achieved only in the early
sacrification group, and there was a significant dif-
ference between this group and sham group. It was
concluded that when antioxidant treatment is started
during or before the first surgical stress, more suc-
cessful results will be obtained in the light of both
biochemical parameters and oxidative and histo-
pathological parameters.

The lower levels of total bilirubin levels, one of the
important indicators of obstructive jaundice, were
noted in the melatonin group and NAC group com-
pared to control group. There was no significant
difference between the melatonin group and NAC
group, and there was no statistically superiority to
the other study groups when both drugs were given
together.

Melatonin and NAC have shown positive effects on
obstructive jaundice when serum AST, ALT, BUN,
and creatinine levels are compared between control,
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csham and study groups. However, no significant dif-
ference was found in comparison between the mela-
tonin group and NAC group, and co-administration
of both drugs did not create synergistic effect either.
Hepatic and renal MDA levels were found to be re-
duced after melatonin and NAC administration which
may be interpreted as reduction in lipid peroxidation
due to ischemia- reperfusion injury develops after ob-
structive jaundice. When the nitric oxide levels due
to ischemia/reperfusion injury developed after ob-
structive jaundice were compared, it was thought that
melatonin and NAC reduced the damage, most likely
by causing a decrease in hepatic and renal NO levels.

A scoring system that examines biliary infarcts and
necrosis in the portal area in terms of hepatic dam-
age due to obstructive jaundice was prepared and a
comparison between the groups was made. The his-
topathological changes in the liver due to the effect
of obstructive jaundice are reduced by the effects
of melatonin and NAC, suggesting that both agents
play a role in the faster recovery of cellular damage
on the liver.

In conclusion, the use of melatonin and N-acetyl-
cysteine reduced tissue damage in both liver and kid-
neys in an experimental jaundice model in rats. It is
suitable for clinical use in obstructive jaundice with
no side effects, ease of administration.
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