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ABSTRACT

 )NAC( إن-اسيتيلسيستين  عقار  آثار  تقييم  الأهداف:  
الجرذان  في  الرئوية  النسيجية  التغيرات  على   )C(وفيتامين

.)BDL( التي أجريت لها عملية ربط القناة الصفراوية

 - الأطفال  جراحة  بقسم  الدراسة  هذه  أجريت  الطريقة:  
المدرسة الطبية لجامعة أبانت عزت بياسل - بولو – تركيا، 
تم  2007م.   يوليو  وحتى  2007م  مايو  بين  ما  الفترة  خلال 
تراوح  داولي،  سبارجيو  من جرذان  ذكر   35 عدد  استعمال 
)عدد=7(  الأولى  المجموعة    .210-240grams الوزن 
جرذان خضعت فقط لعملية فتح البطن.  المجموعة الثانية 
)عدد=7( جرذان أجريت لها عملية ربط القناة الصفراوية 
لها  الثالثة )عدد=7( جرذان أجريت  المجموعة    .)BDL(
  .)C(وتلقت فيتامين )BDL( عملية ربط القناة الصفراوية
المجموعة الرابعة )عدد=7( جرذان أجريت لها عملية ربط 
القناة الصفراوية )BDL( وأعطيت عقار )NAC(. المجموعة 
القناة  ربط  عملية  لها  أجريت  جرذان  )عدد=7(  الخامسة 
  .)C(وفيتامين )NAC( وأعطيت عقار )BDL( الصفراوية
تم إجراء التقييم الكيميائي الحيوي والنسيجي في نهاية فترة 

الثلاثة أسابيع. 

المجموعة  في  الكلي  البيليبروبين  قيم  انخفضت  النتائج:  
الخامسة مقارنة بالمجموعة الثانية والثالثة والرابعة.  أظهرت 
المجموعة الثانية وجود ترشيح سدوي كبير مع خلايا ملتهبة 
الدردرية،  الخطية  للخلايا  نردي  وتبدل  سدوية  ووذمة 
الرئوية.  أظهرت معالجة  للبنية  ولوحظ وجود تلف شديد 
في  ملحوظ  تقلص   )C(وفيتامين  )NAC( بعقار  الجرذان 
النقاط المرضية النسيجية مقارنة مع المجموعة الثانية والثالثة 

والرابعة.

خاتمة:  اتحاد تركيب عقار )NAC( وفيتامين)C( يخفف 
من التغيير النسيجي للرئة في الجرذان التي أجريت لها عملية 
الصفراوية )BDL( مع تحمل كل عقار بشكل  للقناة  ربط 

إفرادي.

Objective: To evaluate the effects of N-acetylcysteine 
(NAC) and vitamin C on pulmonary histological 
alterations in bile duct-ligated (BDL) rats. 

Methods: The current study was conducted in the 
Department of Pediatric Surgery, Medical School of 
Abant Izzet Baysal University, Bolu, Turkey between 
May 2007 and July 2007. Thirty-five males Sprague-
Dawley rats, weighing 210-240 grams, were used. 
Group 1 rats (n=7) underwent only laparotomy. 
Group 2 rats (n=7) were subjected to BDL. Group 3 
rats (n=7) were subjected to BDL and given vitamin 
C. Group 4 rats (n=7) were subjected to BDL and 
given NAC. Group 5 rats (n=7) were subjected to 
BDL and received NAC plus vitamin C. At the end 
of the 3 week period, biochemical and histological 
evaluations were processed. 

Results: Total bilirubin values were decreased in group 
5 compared to group 2, 3, and 4. Group 2 showed 
massive interstitial infiltration with inflammatory 
cells. Interstitial edema, focal cuboidal metaplasias of 
alveolar lining cells, and severely damaged pulmonary 
architecture were noted. Treatment of rats with NAC 
and vitamin C produced a significant reduction in the 
histopathological score compared to groups 2, 3, and 
4. 

Conclusions: The combination of NAC and vitamin 
C reduced lung histological alterations in BDL rats 
with afforded by each drug individually. 
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Cholestatic liver disease is associated with high 
perioperative morbidity such as sepsis, bleeding, 

wound problems, renal and liver malfunction and 
pulmonary inflammation.1,2 Research has demonstrated 
that common bile duct obstruction in humans and 
animals is associated with disruption of intestinal 
integrity,1,2 and systemic endotoxemia leading to 
multiple organ dysfunction.3-5 Thus, endotoxemia 
activates immunocompetent cells, such as monocytes, 
macrophages, and endothelial cells that contribute to 
an uncontrollable inflammatory cascade.6,7 Pulmonary 
failure is a frequent occurrence in patients with cholestatic 
liver disease.8 One of the major histopathologic 
characteristics of this pulmonary damage is the 
infiltration of large numbers of potentially injurious 
leukocytes into the pulmonary tissue.9 Additionally, 
lipid peroxidation is associated with the pathogenesis 
of tissue damage in animals with obstructive jaundice. 
Reactive oxygen species (ROS) seem to play a role in the 
pathogenesis of tissue injury secondary to obstructive 
jaundice.10 Reactive oxygen species scavengers 
decrease in bile duct-ligated rats, thence increasing the 
predisposition of the liver to injury by ROS.11 Morise 
et al9 suggested that ROS produced in response to bile 
duct ligation may up-regulate vascular cell adhesion 
molecule-1 expression in the lung and play an important 
role in the pathophysiology of this pulmonary injury. N-
acetylcysteine (NAC) is a membrane-permeable precursor 
of glutathione (GSH) that protects cells against oxidative 
damage.12-14 In addition, it has been shown that NAC 
has an anti-inflammatory action and reduces the ability 
of neutrophils and monocytes to generate and release 
ROS, such as nuclear factor-κB, tumor necrosis factors-α 
and cell adhesion molecules.15-17 Ascorbic acid (vitamin 
C) is a protective factor in inflammation because of its 
antioxidant properties. Vitamin C is known to scavenge 
aqueous ROS by rapid electron transfer and hence, 
inhibits lipid peroxidation.18-20 Based on prevention of 
inflammation by NAC and vitamin C and their anti-
oxidant properties, we investigated the effects of NAC 
and vitamin C on lung histological alterations in bile 
duct-ligated rats in the present experimental study. 

Methods. The current study was conducted in the 
Department of Pediatric Surgery, Medical School of 
Abant Izzet Baysal University, Bolu, Turkey between 
May 2007 and July 2007. Thirty-five males Sprague-
Dawley rats weighing 210-240 grams were used in 
the study. The protocol was approved by the ethics 
committee for animal experiments of the Medical 
Faculty of the University of Bolu Abant Izzet Baysal, 
Bolu, Turkey. The animals were divided into 5 groups. 
Each rat was anesthetized with ketamine (50 mg/kg) 
and xylazine (4 mg/kg). The rats were subjected to 

either bile duct ligation (BDL) or sham operation using 
aseptic techniques. Group 1 (sham-control, n=7) rats 
underwent laparotomy, the bile duct was dissected from 
the surrounding tissue and rats received intraperitoneally 
(IP) one ml of saline. Group 2 rats (BDL/untreated, 
n=7) were subjected to BDL and receivedIP one ml 
of saline. Group 3 rats (BDL/vitamin C, n=7) were 
subjected to BDL and given IP vitamin C (Ascorbic 
acid, Redoxon®, Roche, Istanbul, Turkey) at a daily 
dose of 100 mg/kg for 21 days after BDL. Group 4 rats 
(BDL/NAC, n=7) were subjected to bile duct ligation 
and given IP NAC (Assist ampule 100 mg/mL, Husnu 
Arsan Ilaclari A.S. Turkey) at a daily dose of 200 mg/kg 
for 21 days after BDL. Group 5 rats (BDL/NAC plus 
vitamin C, n=7) were subjected to BDL and received a 
daily dose of vitamin C (100 mg/day-1×kg-1) and NAC 
(200 mg/day-1×kg-1) ip for 21 days after BDL. At the end 
of the 21 days, the rats were housed in standard cages in 
a room controlled for daylight (12 hours), temperature 
(20°C) and humidity (60%), and maintained on a 
standard rat pellet diet. After opening the abdomen 
by a midline incision, the aorta was punctured and 5 
ml of blood was taken into heparinized tubes. Plasma 
was separated by centrifugation for biochemical studies, 
and the concentrations of total bilirubin (TB) (mg/dl) 
in plasma were determined by standard auto-analyser 
methods on an Abbot Aeroset, USA. Just after the rats 
were sacrificed, the liver and lung were extracted for 
histopathological evaluation. The extracted tissues were 
immediately placed into 10% formaldehyde solution 
overnight, embedded in paraffin, and cut into 5-mm 
thick sections; stained with hematoxylin-eosin for light 
microscopic analysis. Light microscopic analysis of the 
liver and lungs was performed by blinded observation. 
The liver histopathological scoring of groups, for 
degree of fibrosis (ductular proliferation, focal ductular 
cholestasis, portal tract expansion, mixed inflammation, 
necrosis, and fibrosis) was scored as: 0-absent, 1-slight, 
2-moderate, and 3-severe. Pulmonary architecture, tissue 
edema formation, and infiltration of the inflammatory 
cells were scored between grades 1 and 4. According to 
this scoring system: 1) normal lung histology; 2) few 
neutrophil leukocyte infiltration; 3) moderate neutrophil 
leukocyte infiltration, perivascular edema formation, 
and partial destruction of pulmonary architecture; and 
4) dens neutrophil leukocyte infiltration and complete 
destruction of pulmonary architecture.21

Differences in biochemical and histological data 
were analyzed by Mann-Whitney U test. Changes in 
time were analyzed by one-way analysis of variance. 
Differences at the indicated time points were assessed 
by Bonferroni test for multiple comparisons when 
applicable. data were entered on an IBM-compatible 
pesonal computer using SPSS vesion 10.0 (SPSS Inc., 
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Chicago, Illinois, USA. A p-value of less than 0.05 were 
considered significant.

Results. The values of bilirubin were measurement 
for the different groups (Table 1). Total bilirubin levels 
were increased significantly in group 2 (p<0.0001), 
3 (p<0.0002), 4 (p<0.0002), and 5 (p<0.0002) 
compared with the group 1 (p<0.05 in all cases). 
However, TB values were decreased in group 5 
compared to group 2 (p<0.001), 3 (p<0.001), and 4 
(p<0.002). No morphological damage was observed 
in group 1. In group 2, 3, and 4, severe damage 
such as dilated central veins, proliferation of portal 

Figure 1 - Histopathological examination showing a) lung tissue of 
the rats in group 1 was histologically normal. b) Severe 
interstitial neutrophilic infiltration and destroyed 
pulmonary architecture in the group 2 (arrows). 
c & d) protection of the normal histology in group 3 and 
4. e) The combination of N-acetylcysteine and vitamin 
C significantly protected the pulmonary architecture 
(Hematoxylin & eosin x200).

Table 1 - Comparative biochemical and histopathologic measurements 
3 weeks after the start of the study (N=7).

Groups TB (mg/dl) Histopathological 
scores

Group 1 (Sham-control) 0.3±0.1 0.1±0.3

Group 2 (BDL/untreated)   11±1.3*   3.2±0.5*

Group 3 (BDL/vitamin C)   10±1.0*     2.3±0.5*†

Group 4 (BDL/NAC)     9±1.5*     2.2±0.5*†

Group 5 (BDL/NAC + vitamin C)       8±0.9*†     1.6±0.9*†

BDL - bile duct ligation, TB - total bilirubin, 
NAC - N-acetylcysteine, *p<0.05 compared with Sham-control,

†p<0.05 compared with group 2

b

a

c

d

e
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and periportal biliary ductules, dilated portal spaces 
and areas of polymorphonuclear leukocyte infiltrate 
and hepatocytes necrosis was observed. In group 5, 
moderate damage was seen. The histopathological 
scores for the different groups were shown in Table 1. In 
group 1, the histopathological examination of the lung 
tissue of the rats was found to be normal (Figure 1a). 
Group 2 showed massive interstitial infiltration with 
inflammatory cells, including lymphocytes with fewer 
numbers of neutrophils and eosinophils. Interstitial 
edema, focal cuboidal metaplasias of alveolar lining 
cells, and severely damaged pulmonary architecture 
also were noted (Figure 1b). The median score of group 
2 was significantly higher than sham (p<0.0001). 
N-acetylcysteine and vitamin C administration to 
the jaundiced rats resulted in a decrease in median 
histopathological score when compared with group 
2 (p<0.001) (Figures 1c & 1d). N-acetylcysteine plus 
vitamin C administration protected the pulmonary 
architecture, and the median histopathologic score 
decreased significantly when compared with median 
score of groups 2, 3, and 4 (p<0.001, p<0.002, p<0.002) 
in all cases) (Figure 1e).

Discussion.   Obstructive jaundice is linked to a higher 
incidence of renal and intestinal dysfunction, multiple 
organ failure, impaired immune function, impaired 
wound healing, and cardiovascular abnormalities such 
as reduced peripheral vascular resistance, increased basal 
cardiac output, and impaired cardiac contractile.22-26 
However, it is pulmonary inflammation that is the 
most significant complication that is associated with 
morbidity and mortality.27,28 Therefore, this study 
was mainly focused to investigate the effect of NAC 
and vitamin C on lung histopathologic alterations 
in experimental obstructive jaundice. Additionally, 
the present study shows that treatment with NAC in 
combination with vitamin C was effective to reduce the 
lung damage produced by BDL in rats. 

N-acetylcysteine is a well-known precursor of GSH 
that helps to scavenge the ROS generated in the extra-
cellular medium and was found to increase GSH levels in 
bronchoalveolar fluid.29 Ozdulger et al21 demonstrated 
that NAC reduced the number of apoptotic cells in the 
lung and alleviated lung injury in a cecal ligation and 
puncture induced sepsis model. They found that the 
chronic use of NAC inhibited myeloperoxidase activity 
and lipid peroxidation, which resulted in reduction 
of apoptosis in the lung.21 In another experimental 
study, Borjesson et al30 suggested that treatment with 
NAC prevented against intestinal ischemia reperfusion 
induced over activation of pulmonary macrophages and 
a decrease in pulmonary blood content. 

Vitamin C works as a cofactor in the enzymatic 
biosynthesis of collagen, carnitine, and catecholamine, 
and peptide neurohormones.31 Vitamin C also prevents 
injurious effects of oxidants because it diminishes ROS to 
stable molecules.32 Kearns et al33 suggested that vitamin 
C therapy protects against ischemia reperfusion induced 
acute lung injury, possibly by attenuating neutrophil 
respiratory burst activity. Furthermore, Vanisree et 
al34 reported that NAC along with vitamin C could 
enhance the antioxidant state of the lung. Vitamin C 
could help to continue the diminished pools of GSH 
and gets converted to dehydro ascorbate in the process 
of generating GSH from its oxidized form (oxidized 
glutathione).34,35 In the present study, in individual 
evaluation, NAC and vitamin C administration to 
the jaundiced rats resulted in a decrease in median 
histopathological score when compared with group 2. 
Combination of NAC and vitamin C also produced 
a synergistic effect in protection of lung tissue against 
the deleterious effects of BDL. Scott et al36 suggested 
that tobacco-induced vascular activation in smokers is 
unaffected by vitamin C supplementation.

In conclusion, the combination of NAC and vitamin 
C augments the amount of lung protection afforded by 
each drug individually, and increased their antioxidant 
potentials. We believe that further experimental and 
clinical studies are needed to elucidate the efficacy of 
combined NAC plus vitamin C on lung protection.
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