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Abstract Stellate cells are activated by free radicals, and
synthesize collagen. N-acetylcysteine (NAC) is a precursor
of reduced glutathione and a potent scavenger of hydroxyl
radicals and has potential antifibrotic effects. We aimed to
test the effects of NAC on bile duct ligation (BDL) induced
liver damage in rats. Forty-seven Wistar rats were divided
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into 5 groups: group 1, BDL + NAC (n = 10); group 2,
BDL (n = 10); group 3, sham + NAC (n = 10); group 4,
sham (n = 10); and group 5, control group (n = 10). NAC
(50 µmol/kg per day) or saline of single doses were admin-
istered intraperitoneally for 28 days. Serum biochemical and
liver oxidative stress parameters were studied. Liver collagen
level was determined by the method of Lopez de Leon and
Rojkind. Liver slides were stained by hematoxylin and eosin
and Masson trichrome\Gomory reticulum staining. Aspar-
tate aminotransferase (AST) and alkaline phosphatase levels
in the BDL + NAC group were lower than the BDL group
and were higher than the control groups (all P < .001).
Malondialdehyde, luminal, and glutathione levels in group 1
were lower than the BDL group (P = .01, P = .002, and
P < .001) and higher than the control groups (all P < .001).
NAC had no effect on alanine aminotransferase (ALT), gam-
maglutamyl transferase, bilirubin, albumin, or lucigenin lev-
els. Liver collagen levels were higher in the BDL groups
(P < .001); however, NAC had no effect on the collagen
levels. The BDL groups showed stage 3 fibrosis; all the con-
trol groups were normal. NAC improved some biochemical
parameters (AST, alkaline phosphatase) and oxidative stress
parameters (malondialdehyde, luminol, glutathione) in the
BDL model. NAC was found to be effective on cholestasis-
induced hepatotoxicity. However, NAC was inefficient as an
antifibrotic agent within a 1-month period of administration
in the BDL model.

Keywords Antifibrotic . N-acetylcysteine . Bile duct
ligation . Hepatic fibrosis . Rat

Current clinical data indicate that oxidative stress is associ-
ated with the activation of hepatic stellate cells (HSC), which
are the central mediators in the pathogenesis of fibrosis and
synthesize collagen [1]. Lipid peroxidation has also been
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shown to stimulate collagen production in fibroblasts and
HSC [2].

At present, no effective treatment of liver fibrosis is avail-
able for clinical use. Some experimental studies reported
partial success with some substances such as melatonin [3],
pegylated interferon [4], malotilate [5], halofuginone [6], and
Sho-saiko-to [7], a Far East herbal therapeutic, in this setting.
An effective therapeutic strategy against the development of
hepatic fibrosis is still needed.

Antioxidant agents or glutathione (GSH) precursors have
been shown to exert protective effects against HSC activation
[8, 9]. However, the role of oxidative stress and the beneficial
effects of antioxidant agents during the initial phases of liver
fibrosis have not been fully investigated.

The antifibrotic effect of N-acetylcysteine (NAC) was
demonstrated in various experimental models of fibrosis
and there are some studies especially emphasizing its an-
tifibrotic effects and underlying its properties in control-
ling collagen levels in lung tissue [10–12]. In a previous
study, Vendemiale et al. [13] showed that NAC was effec-
tive on dimethylnitrosamine (DMN)-induced liver damage in
rats.

In this study, our aims were to evaluate the contribution of
oxidative processes in the early stages of rat hepatic fibroge-
nesis induced by bile duct ligation (BDL) and to assess the
protective role of the antioxidant agent NAC against the de-
velopment of hepatic fibrosis on BDL-induced liver damage
in rats, as a new therapeutic challenge.

Materials and methods

Procedures related to experimental animals

This experimental protocol had the full approval of the Eth-
ical Committee on Animal Research, Marmara University
School of Medicine, Turkey, and complied with International
Guidelines for animal research. All animals received humane
care.

Forty-seven male Wistar rats, between 12 and 14 weeks
of age and 220–340 g, were obtained from Marmara Uni-
versity Animal Research Laboratory. Animals were kept
at a constant temperature (22 ± 1◦C) with 12-hour light
and dark cycles, in the same unit and allowed to acclima-
tize to their new conditions for 1 week before beginning
the study. All animals received humane care in compliance
with the National Institutes of Health criteria for labora-
tory animals. Rats had free access to standard rat chow and
water.

Under general pentobarbital anesthesia, 40 male Wistar
rats underwent BDL or sham operation. Briefly, the com-
mon bile duct was exposed after laparotomy. Subsequently,
2 double knots were placed proximally and distally and the

part of the bile duct between the 2 double knots was excised.
In the sham-operated rats, the abdomen was closed without
BDL. Twenty of the rats underwent BDL and 20 were sham
operated. BDL rats were divided into 2 groups. Sterile saline
(1 mL/kg per day) was administered intraperitoneally for 28
days to the first group (BDL group; n = 10). The second
group (BDL + NAC; n = 10) received 50 µmol/kg per
day NAC intraperitoneally (Asist ampoules, Hüsnü Arsan
İlaçları A.Ş. İstanbul, Turkey). The sham-operated rats were
also divided into 2 groups. After the sham operation, sterile
saline was administered to the sham group (n = 10) and
NAC was given to the sham + NAC group (n = 10). Dur-
ing this administration, the same doses of NAC were given to
the BDL + NAC group and saline was administered to the
BDL group immediately after BDL. An additional group of
7 healthy control rats were studied as the control group. At
the end of the study period, rats were weighed and decapi-
tated; their trunk blood was collected, centrifuged (3000 rpm,
10 min, 4◦C) and serum samples were obtained for biochem-
ical analyses of AST, ALT, alkaline phosphatase (ALP), γ -
glutamyl transpeptidase (GGT), total bilirubin, and direct
bilirubin. The serum samples were stored at −80◦C and
measured with automated standardized procedures (Roche
Hitachi 917/747, Mannheim, Germany).

Liver tissue sampling

The left, middle, and right lobes of each liver were explored.
Six different 5 × 5 × 5 mm slices were fixed in 10%
buffered formalin, routinely processed, and blocked into
paraffin for detecting collagen content by image analysis
[14].

Biochemical collagen content determination

The collagen content of the liver was assayed by the colori-
metric method described by Lopez de Leon and Rojkind [15].
The principle is the coloring of collagenous protein by Sirius
red (36554–8, 2610-10-8; Aldrich Chemical, Deisenhofen,
Germany) and noncollagenous proteins by fast green (14280;
MERCK, Darmstadt, Germany). Fifteen micrometer-thick
liver slices taken from each paraffin block were layered on
glass slides. Slices were deparaffinized and assayed as orig-
inally described. Collagen content was calculated using the
formula described by the authors as microgram collagen per
milligram protein [15].

Histopathologic investigations

Five-micrometer liver sections were stained by hematoxylin
and eosin and Masson trichrome\Gomory reticulum stain-
ing. The grading necroinflammatory activity and the staging
fibrosis were set by Knodell’s criteria [16].
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Tissue homogenization

Liver samples were weighed and homogenized in 0.15 mol
NaCl to determine reactive oxygen species. Homogenates
were diluted with 0.15 mol NaCl up to 20%. Tissue ho-
mogenates were sonicated 2 times for 30-second intervals
at 4◦C. After sonication, homogenates were centrifuged at
3000 rpm for 10 min and at 15,000 rpm for 15 min. Aliquots
of the supernatants were used for studies.

Oxidative stress parameters

Malondialdehyde measurements

Measurements of thiobarbituric acid reactive species
(TBARS) were done according to Yagi [17]. Liver tissues
were homogenized in icy trichloroacetic acid (TCA) (10%)
solution and then centrifuged. The superficial liquid portion
was mixed with equal volume of TBARS (0.67%) and heated
at 90◦C for 15 min. TBARS were measured in nmol/g tissue
according to absorbance at 532 nm.

Chemiluminescence measurements

Reactive oxygen metabolites (ROM) were measured at room
temperature via chemiluminescence technique using Mini
Lumat LB 9506 Luminometer (EG&G, Berthold, Germany).
Samples were placed into a 2-mL 0.02 mol HEPES buffer
(pH 7.4) containing 0.5 mol phosphate-buffered saline. For
measurement of ROM, 0.2 nmol concentrated lucigenin (spe-
cific for superoxide radicals) or luminal (HOCl−, H2O2,
OH−) was used. Serial measurements of 15-second inter-
vals for 5 min were done and results were calculated as area
under the curve and relative light unit (RLU); correction for
fresh tissue weight was done (RLU per milligram of tissue
area under the curve) [18, 19].

Glutathione level measurement

GSH levels were measured spectrophotometrically using Ell-
man’s reagent and method [20]. Results were calculated as
µmol GSH/g tissue.

Statistical evaluation

Data were expressed as mean values ± standard deviation or,
in case of non-normal distribution, as median and range and
were compared using the Kruskal–Wallis test. When signif-
icant, subsequent multiple comparison test was performed.
P < .05 were considered significant. Comparisons between
the groups were tested for significance by Mann–Whitney U
and χ2 tests.

Results

Biochemical findings

All biochemical parameter levels, including AST, ALT, ALP,
GGT, albumin, and total and direct bilirubin, were signifi-
cantly increased in both of the BDL groups in contrast to
the control groups (all P < .001). NAC therapy improved
AST and ALP levels in the BDL + NAC group when com-
pared with the BDL + saline group (P < .001); however,
no difference was observed in reference to other parameters
between the BDL subgroups. There was no significant differ-
ence in reference to these biochemical parameters between
the sham and the healthy control groups (Table 1).

Oxidative stress parameters

The mean liver malondialdehyde (MDA) levels of the BDL
groups were significantly higher than those in the control
groups (all P < .001). NAC therapy improved the MDA
level between the BDL subgroups (P = .01; Fig. 1).

Table 1 Biochemical parameters measured in the current study

Mean ± Standard deviation BDL + NAC BDL Sham + NAC Sham Normal

AST (U/L) 406 ± 116∗∗ 1017 ± 487∗ 188 ± 45 184 ± 54 234 ± 33
ALT (U/L) 97 ± 27∗ 115 ± 45∗ 65 ± 8 66 ± 17 67 ± 12
Alkaline phosphatase (U/L) 936 ± 111∗∗ 1574 ± 297∗ 500 ± 68 464 ± 100 410 ± 99
GGT (U/L) 35 ± 27∗ 40 ± 20∗ 3.6 ± 1.6 4.2 ± 2.3 3.4 ± 2.6
Total bilirubin (mg/dL) 10.8 ± 3.3∗ 10.5 ± 2.5∗ 0.4 ± 0.2 0.3 ± 0.1 0.4 ± 0.2
Direct bilirubin (mg/dL) 6.8 ± 1.8∗ 7.0 ± 2.3∗ 0.3 ± 0.2 0.2 ± 0.1 0.3 ± 0.2
Albumin (g/dL) 2.9 ± 0.3∗ 2.8 ± 0.4∗ 3.4 ± 1.8 4.2 ± 0.2 3.5 ± 0.7

Note. BDL, bile duct ligation; GGT, γ -glutamyl transpeptidase; NAC, N-acetylcysteine.
∗P < .001 versus the sham + NAC, sham, and normal control groups.
∗∗P < .001 versus the BDL group and the other sham + NAC, sham, and normal control groups.
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Fig. 1 Tissue malondialdehyde levels (nmol/mg tissue). ∗P = .01
versus the bile duct ligation (BDL) group. ∗ and ∗∗P < .001 versus the
sham + N-acetylcysteine (NAC), sham, and normal control groups

The tissue luminal level of the BDL + NAC group was
significantly lower than the BDL group (P = .002). The
tissue luminol level in the BDL group was higher than the
control groups (P < .001). NAC improved the luminol level
of the BDL + NAC group, statistically similar to the control
groups (Fig. 2). The tissue lucigenin levels of the groups were
not statistically different (Fig. 2).

The tissue GSH levels of the BDL groups were signif-
icantly lower than the control groups (all P < .001). The
tissue GSH level in the BDL + NAC group was higher than
the BDL group (P < .001; Fig. 3). No difference in the
oxidative stress parameters was observed among the control
groups.

Biochemical collagen content measurement

Hepatic collagen content in both BDL rat groups were signif-
icantly higher than the control groups (P < .01). However,
the hepatic collagen levels were not found to be significantly
affected by NAC administration. Similarly, no significant
statistical difference was found between the control groups
(P > .05; Fig. 4).
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Fig. 2 Tissue luminal and lucigenin levels (RLU/mg tissue).
∗P = .002 versus the bile duct ligation (BDL) group. ∗∗P < .001
versus the sham + N-acetylcysteine (NAC), sham, and normal con-
trol groups. Tissue lucigenin levels of the groups were not statistically
different
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Fig. 3 Tissue GSH levels (nmol/g tissue). ∗P < .001 versus the
bile duct ligation (BDL) group. ∗∗P < .001 versus the sham + N-
acetylcysteine (NAC), sham, and normal control groups

Histopathologic findings

In the histopathologic examination of the liver sections,
prominent bile duct proliferation and stage 3 fibrosis were
demonstrated in all BDL groups. The histologic activity and
fibrosis observed in the BDL groups by Knodell scoring did
not change with NAC therapy (Fig. 5).

Discussion

Liver fibrosis is the pathologic result of ongoing chronic
inflammatory liver diseases. Lipid peroxidation is not only a
marker of tissue damage, but is involved in the pathogenesis
as well as an activator of collagen production which mediates
the development of fibrosis of the tissues [21]. The reduction
of liver fibrosis, accompanied by a decrease in oxidative
stress, suggests a common mechanism of protection against
fibrogenesis, most likely attributed to the inhibition of HSC
activation [13]. If the main factor of lipid peroxidation is not
removed, this process results in liver cirrhosis.

Oxidative stress has an important role in the etiopatho-
genesis of liver fibrosis by aggravating it via stellate cell
activation and lipid peroxidation which stimulates the colla-
gen gene transcription in cell culture [22–24].
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Fig. 4 Tissue collagen levels (nmol/g tissue). ∗ and ∗∗P < .001 versus
the sham + N-acetylcysteine (NAC), sham, and normal control groups.
BDL, bile duct ligation
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Fig. 5 (A) A sham-operated group rat liver section with normal finding
(HE, original magnification × 100). (B) A bile duct ligation (BDL) +
N-acetylcysteine group liver slide with cellular loss and fibrous septa
(HE, original magnification × 100). (C) A BDL group liver slide with
prominent bile duct proliferation, portal–portal fibrous bridging with
bile duct proliferation and fibrous septa, connecting portal areas to each
others and lobule centers (Trichrome-stained original magnification
× 100)

NAC is commonly used as an antioxidant in vivo and in
vitro. In addition, it can be used in acetaminophen intoxica-
tion, CCI4, chloroform, and carbon monoxide intoxication
[25]. It has a well-known mucolytic effect in chronic ob-
structive lung diseases. NAC was shown to be effective in
the reversal of ischemic and reperfusion damage [26], valu-
able in the treatment of HIV infections [27] and in adult
respiratory distress syndrome [28].

The antifibrotic effects of NAC were shown in 3 stud-
ies of bleomycin-induced liver fibrosis models by inhalation
[10], intratracheal [11], or intraperitoneal [12] administra-
tion. Kawada et al. [29] studied the effects of antioxidants,
resveratrol, quercetin, and NAC on the functions of cultured
rat HSC and Kupffer cells. NAC had therapeutic potential
against liver injury via regulating functions of HSC and
Kupffer cells. These effects may be related to the antioxi-
dant potential of the agents.

Bataller et al. [30] studied a pro-oxidant and fibrogenic
cytokine, angiotensin II–induced effects in HSC after BDL.
Angiotensin II stimulated DNA synthesis, cell migration,
procollagen alpha1(I) mRNA expression, and secretion of
transforming growth factor-β1 and inflammatory cytokines.
These effects were attenuated by NAC and diphenylene iodo-
nium. Dogru-Abbasoglu et al. [31] showed in their study
that NAC treatment was able to reduce lipopolysaccharide-
enhanced hepatotoxicity without making any changes in
oxidative stress in the liver of rats with tioacetamide-
induced cirrhosis. Similarly, in the study by Liu et al.
[32], NAC pretreatment significantly attenuated endotoxin
induced biochemical changes in CCI4-induced cirrhosis
in rats.

The only therapeutic trial of NAC in liver fibrosis was
performed in the DMN-induced liver fibrosis model by
Vendemiale et al. [13], where they evaluated the role of ox-
idative processes in rat hepatic fibrogenesis induced by DMN
and assessed the effect of NAC against the development of
hepatic fibrosis. NAC administration resulted in a reduc-
tion of lipid peroxidation and replacement of GSH stores,
suggesting an effective role of this agent against oxidative
stress. NAC significantly reduced ALT elevation and liver fi-
bronectin deposition in this model. They explained that these
effects were related to 3 mechanisms: (1) the restoration of
the total intracellular sulfhydryl pool; (2) the maintenance
of intracellular GSH concentration, a fundamental detoxify-
ing system against toxic metabolites; and (3) the potential
antioxidant action exerted by NAC itself.

Alcoholic liver fibrogenesis was shown to be closely as-
sociated with enhanced hepatic lipid peroxidation as demon-
strated by significant correlation between the degree of liver
fibrosis and hepatic levels of MDA [33, 34]. MDA level was
high in BDL-induced liver fibrosis [35].

Shiesh et al. [36] studied the BDL model in guinea pigs
and revealed increased pH, bile salts, and MDA compared
with sham controls. Pretreatment of guinea pigs with mela-
tonin at a dose of 1 µg/kg significantly decreased the inci-
dence of pigment gallstone formation at day 14 after ligation
as compared with controls. Melatonin also improved the
ligation-induced changes in biliary bile salts, pH, and MDA
to control levels. These in vivo findings support a causative
role of oxidative stress in the BDL-induced pigment gall-
stone formation.

In our study, liver and plasma MDA levels in the BDL
group were significantly higher than the other 3 groups. In
accordance with the previous studies, NAC improved the
lipid peroxidation and lipid peroxidation end product, MDA
to a similar degree with the control groups.

Pastor et al. [37] induced secondary biliary cirrhosis in
rats via 28 days of bile duct obstruction, which resulted in
decreased liver GSH, TBARS, catalase, superoxide dismu-
tase (SOD) and glutathione peroxidase (GPx) levels. NAC
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corrected the reduction in GSH and TBARS concentrations.
In addition, NAC treatment resulted in significant preserva-
tion of membrane fluidity and of the activities of catalase,
mitochondrial SOD, and different forms of GPx. Their data
indicated that NAC maintains antioxidant defenses in biliary
obstructed rats and NAC may be a useful agent to preserve
liver function in patients with biliary obstruction.

Cabre et al. [38] studied the relationships between hepatic
lipid peroxidation, GSH antioxidant system and develop-
ment of cirrhosis in CCI4-treated rats. Induction of cirrhosis
produced a decrease in the components of the hepatic GSH
antioxidant system. This impairment was related to increase
in free radical generation. Hepatic lipid peroxidation was
correlated with GPx activity (r = −0.47; P < .001) in
CCl4-treated rats. Lopez et al. [39] showed decreases of both
liver and erythrocyte GSH levels in BDL induced cholestasis
model in another study.

In the present study, liver GSH levels in the BDL group
were higher than the 3 other groups (P < .001). NAC ad-
ministration improved the GSH level similar to the con-
trol groups. In addition, the other free radical parameter—
luminal level—was lower in the BDL + NAC group than
the BDL group (P = .002). NAC improved the luminol level
similar to the control groups.

AST and ALP levels in the BDL + NAC group were
lower than the BDL group (both P < .001). NAC was in-
effective on either GGT or bilirubin levels of the groups.
Likewise, the ALT improvement was not statistically sig-
nificant either. The AST improvement might be associated
with a possible antifibrotic effect of NAC; however, the an-
tifibrotic effect of the drug was not prominent in the 1-month
study period. The failure of an antifibrotic effect of NAC on
BDL rats in our study may be attributed to the short duration
of the treatment period.

In conclusion, daily intraperitoneal NAC administration
in the BDL model for 28 days was found to have a beneficial
effect on liver enzymes (AST, ALP) and oxidative stress
parameters (MDA, luminol, GSH). Whether NAC can be
used in cholestatic jaundice against hepatotoxicity and as a
possible antifibrotic agent remains to be proved in long-term
studies.
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