
It is well known that biliary obstruction causes hepatocel-
lular damage. Clinical and experimental studies on the mecha-
nism of this damage indicate a crucial role for free oxygen 
radicals (FORs) (1-4). Natural defence mechanisms (antioxi-
dant systems) are insufficient, due to the increased oxidative 
stress caused by the elevation in FORs. Thus, general anti-
oxidant system insufficiency, particularly insufficiency in the 
glutathione oxidoreduction system (the major component of 
the cellular antioxidant system), occurs. Initially, levels of 
lipid peroxides that are formed by the oxidation of lipids and 
protein molecules increase. Following this, cell membranes 
are damaged, and this process progresses to apoptosis due to 
deterioration in mitochondrial respiration and DNA synthesis 
and repair (1-3, 5, 6).

Antioxidants protect proteins, nucleic acids, and carbo-
hydrates by preventing lipid peroxidation (6, 7). Resveratrol 
(RV), which is found in black grapes and named chemically as 
3,4’,5 trihydroxystilbene and 3,4’,5 stilbenetriol, is a polyphe-
nolic phytoalexin with a flavonoid structure. It is synthesised 
by plants following traumatic injury or fungal attacks, and is 

recognised for its anti-inflammatory and antioxidant proper-
ties (8, 9).

Under acute ischemic conditions, FORs within the envi-
ronment increase, and the metal-binding capacity of the N-ter-
minal region of albumin decreases. This results in a measur-
able change in ischaemia-modified albumin (IMA) (10-12). 
Increased FORs play a crucial role in protein, nucleic acid, 
and lipid damage. The metal-binding sites of biological mol-
ecules such as albumin undergo structural changes. As a result 
of hypoxia, albumin binds to metal atoms oxidised by oxidis-
ing agents, particularly OH radicals, and the bound albumin 
continues to form IMA (11, 13).

The effects of obstructive jaundice on the intestinal mu-
cosa are well known. It is associated with a reduction in the 
villus or total mucosal thickness, an increase in the villus 
width, and an increase in subepithelial edema, inflammation, 
and oxidative stress (14, 15). These changes have a crucial 
role in obstructive jaundice because they promote bacterial 
translocation and related events, as well as cytokines secreted 
by inflammatory cells (16-19). Although the effects of several 
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products on the mucosal changes in the bowel have been eval-
uated in experimental models, there appear to be no studies of 
the effect of the antioxidant RV on these changes. In our study, 
we aimed to evaluate the effect of RV on the organic dam-
age of the intestinal mucosa and liver caused by obstructive 
jaundice and to demonstrate the effect using IMA, an accepted 
marker of oxidative stress.

MATERIAL AND METHODS

This study was approved by the Local Research Ethics Com-
mittee for Experimental Animals. Twenty-four 3-month-old Wistar 
albino rats weighing between 250 and 300 g were used in our study. 
All the animals were kept at a constant room temperature at 22±2°C 
in a 12-hour day/night cycle. They were fed with standardised com-
mercial rat food, including 21% protein, and provided with fresh tap 
water. Anaesthesia was implemented by intraperitoneal application 
of ketamine (Ketalar; Pfizer, İstanbul, Turkey) 50 mg/kg and xyla-
zine 10 mg/kg (Rompun; Bayer, İstanbul, Turkey).

In the sham group (Group 1, n=8), the hepatic pedicule was 
found under the liver by retracting the duodenum after making an 
abdominal incision. The exploration was completed by exposing the 
common bile duct, and the abdomen was closed. The rats were fed 
standard food and tap water for 14 days. At the end of this period, 
they were sacrificed by high-dose anaesthesia after blood and full-
thickness terminal ileum sampling.

In the control group (Group 2, n=8), the common bile duct was 
ligated and divided. The abdomen was then closed, and the animals 
were fed standard food and tap water. Additionally, isotonic serum 
(0.9% NaCl) identical in volume to the RV in Group 3 was injected 
intraperitoneally for 14 days. At the end of this period, the rats were 
sacrificed after blood and tissue sampling.

In the study group (Group 3, n=8), the same procedures as in 
Group 2 were applied, with the exception of the intraperitoneal RV 
(10 mg/kg/day) injection for 14 days. At the end of this period, the 
rats were sacrificed after blood and tissue sampling. The sera ob-
tained were immediately centrifuged (10 min at 3000 g), and whole 
blood samples were stored at -80°C until testing.

Evaluation of small bowel mucosal villi
The small bowel was placed in 10% formalin. Four samples were 

taken from different points of the specimens and embedded in one 
paraffin block. Two serial sections (5 μm thickness) were cut from 
each block, and these were deparaffinised, stained with haematox-
ylin-eosin, and assessed under the microscope. Using an ocular mi-
crometer, the diameters of 10 villi were measured randomly in each 
field, and their average was used for statistical analysis.

Alanine aminotransferase and aspartate 
aminotransferase study

The sera were warmed to room temperature and tested with a 
kit obtained from Randox laboratory Ltd, (Antrim, Northern Ireland, 
UK) in an autoanalyser (ABBOTT Architect/C 16000 autoanalyser, 
IL, USA). The results were recorded as IU/L.

Ischaemia-modified albumin study
The sera were warmed to room temperature and then tested with 

a BIOSOURCE Elisa kit (MBS702713 IMA RAT KIT - San Diego, 
CA USA) in a DSX Four-Plate Automated ELISA Processing System 
(NC, USA) device by the ELISA method. The results were recorded 
as mg/dL.

Statistical analysis
Data were analysed using IBM SPSS Statistics, version 20.0 

(SPSS Inc., Chicago, IL, USA). Kolmogorov-Smirnov tests were 
used to test the normality of data distribution. Data are expressed as 
the mean value±standard deviation (SD) and median (25-75% per-
centiles). Comparison of variables between groups was performed 
using one-way analysis of variance (ANOVA), Holm-Sidak Multiple 
Comparison Test, Kruskal-Wallis test, or Tukey’s Multiple Compari-
son Test. P values are given with the standard deviation and values 
under 0.05 were accepted as significant.

RESULTS

The villus thickness of the small bowel, serum total bili-
rubin, alanine aminotransferase (ALT), aspartate aminotrans-
ferase (AST), and IMA concentrations were measured and 
compared between the groups (Table 1). Group 2 showed 
significant thickening and blunting (due to edema) of small 
bowel mucosal villi compared with Group 1 (p=0.001) (Ta-
ble 1, Figures 1 and 2). In addition, inflammation was more 
prominent in Group 2. In Group 3, the villus thickness was 
significantly decreased compared with Group 2 (p=0.014). No 
structural change was observed in the tunicae muscularis and 
serosa among the groups.

Total bilirubin levels in Group 2 were significantly higher 
than those in Group 1 (p<0.001). Although there was a non-
significant decrease in bilirubin levels between Group 3 and 
Group 2, the differences between the values of Group 3 and 
Group 1 was also nonsignificant.

The AST and ALT levels in Groups 2 and 3 were signifi-
cantly higher than those in Group 1 (p<0.001). Although the 
decrease in AST and ALT levels between Groups 2 and 3 was 
not significant (p=0.130), the difference in the ALT values of 
Group 3 and Group 1 was also not significant. The IMA lev-
els of Group 2 were significantly higher than those in Group 
1 (p<0.001). The IMA levels of Group 3 were significantly 
lower than those of Group 2 (p=0.0013) (Table 1, Figure 3).

DISCUSSION

Wang et al. (20) detected partial or subtotal villus atrophy 
(shortening and widening of villi) in the small bowel, sub-
epithelial edema, and lymphocyte/neutrophil elevation in the 
lamina propria after experimental extrahepatic cholestasis. In 
addition, they showed that these events decreased following 
the administration of ethyl pyruvate, which is known to have 
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antioxidant properties. In our study, the diameters of the villi 
in the small bowel were significantly increased following ob-
structive jaundice (Group 2). The thicknesses of the villi and 
their structure approximated those of the control group after 
this increase was significantly lowered by RV administration 
(Group 3) (Figures 1 and 2). Our findings suggest that RV ad-
ministration reduces the pathological changes of the bowel 
mucosa in the extrahepatic cholestasis model. We estimate 

that this effect would contribute to decreased bacterial translo-
cation and systemic outcomes in inflammation.

Bile salts that cannot flow toward the duodenum due to 
obstruction have a detergent effect on the liver, and cause oxi-
dative damage and cell death. Neutrophils and macrophages 
are activated by the increase in FORs in the surrounding envi-
ronment, and the resulting pathophysiological chain of events 
results in increased levels of inflammatory cytokines. Chol-
angiocytes may also secrete proinflammatory cytokines, such 
as tumour necrosis factor (TNF)-alpha and interleukin (IL)-6. 
Experimental studies reported that these circulating cytokines 
increased the production of FORs. For example, studies re-
ported that TNF-alpha caused oxidative stress by increasing 
the production of superoxide, hydroxyl, and hydrogen per-
oxide molecules (21, 22). In case of a persistent obstruction, 
elevated bilirubin accumulates in other parts of the body. Oxi-
dative damage then begins to develop as a result of insufficient 
functioning of glutathione (the most important component of 
the cellular antioxidant system) and other antioxidative sys-
tems, and peroxidation of membrane phospholipids is induced 
by the elevated free radicals (7, 23).

In biliary obstruction, the liver is the first organ to be af-
fected. The damage of liver tissue can be followed by changes 

	 Group 1	 Group 2	 Group 3	 Statistics and p 
	 (n=8)	 (n=8)	 (n=8)	

Total bilirubin	 0.1	 18.35	 11.55	 H=21.26 
[median (25–75% percentile)]	 (0.1–0.1)	 (15.25–20.7) 	 (10.85–12.30) 	 p<0.001¥

AST	 148.5	 148.5	 472.50	 H=17.79 
[median (25–75% percentile))	 (111.5–187.0)	 (602.0–1116.0) 	 (390.5–654.0) 	 p<0.001¥,§

ALT	 53.0	 120.0	 89.5	 H=11.95 
[median (25–75% percentile)]	 (44.5–58.0)	 (93.0–159.0) 	 (81.5–104.0) 	 p=0.003¥

IMA	 0.113±0.009	 0.138±0.016 	 0.117±0.006 	 F=11.38 
(mean±SD)	 	 	 	 p<0.001¥,§,£

Villus diameter 	 92.19±13.26	 145.31±35.32 	 109.37±12.94	 F=11.09 
(mean±SD)	 	 	 	 p=0.001¥,£

¥p<0.05 for Group 1 and Group 2; §p<0.05 for Group 1 and Group 3; £p<0.05 for Group 2 and Group 3.

TABLE 1. Alanine aminotransferase, aspartate aminotransferase, ischaemia-modified albumin, and villus diameter values and  
statistical analysis of the groups

FIG. 1. a-c. Microscopic appearance of small bowel walls. Group 1: normal villus structure of the small bowel mucosa. Group 2: significant thic-
kening and blunting of mucosal villi. Group 3: similar appearance to Group 1, with a normal villus structure (HE×40)

a b c

FIG. 2. Mean villus diameters of the groups are shown in a bar graph with 
lines indicating standard deviations
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in serum ALT and AST values. In studies by Ara et al. (24) 
and Kirimlioglu et al. (25), oxidative damage increased as a 
result of experimental extrahepatic cholestasis (choledoc li-
gation) in rats and caused cellular damage. They also found 
that bilirubin and liver enzymes in an RV-treated group were 
lower than those in an RV-free control group. Another study 
showed in vitro that RV protected hepatic cells from oxidative 
damage (26). In our study, bilirubin, AST, and ALT levels in 
the control (2) group were significantly higher than those in 
the sham (1) group, as expected. Although there were obvious 
differences between the control (2) and study (3) groups, these 
were not statistically significant, probably because of the lim-
ited number of subjects (Table 1). With regard to the proxim-
ity of the values between sham (1) and study (3) groups, with 
a nonsignificant difference, it is logical to conclude that our 
findings of decreased liver injury in RV-administered rats are 
consistent with the data in the literature. The change in biliru-
bin levels may be due to decreased erythrocyte haemolysis, 
which is known to develop in obstructive jaundice, as a result 
of the oxidative stress-reducing effect of RV (27).

Many studies have shown that IMA is an early marker of 
acute ischemic conditions within the organism. Sinha et al. 
(28) reported that IMA might be used for the early diagnosis 
of acute coronary syndrome. In another study, Valle Gottlieb et 
al. (29) found significantly higher IMA values in patients with 
metabolic syndrome compared with a control group. Mentese 
et al. (30) reported that IMA was an appropriate ischaemia-
reperfusion injury marker of testicular damage during acute 
and chronic periods. In addition, IMA was reported to be an 
important indicator of liver function (10). We also observed 
that the antioxidant RV attenuated IMA levels in parallel with 
changes in liver enzymes and bilirubin. We believe that the 
determinative potential of IMA for oxidative stress is remark-
able and can be investigated in further laboratory and even 
clinical studies.

In conclusion, in addition to RV having a potentially 
positive effect on oxidative stress in the liver associated with 
obstructive jaundice, it also attenuated small bowel muco-
sal changes in this experimental model. We suggest that the 

known potent antioxidant and anti-inflammatory characteris-
tics of RV might be an appropriate field for future studies on 
obstructive jaundice.
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FIG. 3. Mean IMA values of the groups are shown in a bar graph with lines 
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