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Abstract
AIM: To investigate the possible protective effects of 
carnosol on liver injury induced by intestinal ischemia 
reperfusion (I/R). 

METHODS: Rats were divided randomly into three 
experimental groups: sham, intestinal I/R and 
carnosol treatment (n  = 18 each). The intestinal I/R  
model was established by clamping the superior 
mesenteric artery for 1 h. In the carnosol treatment 
group, surgery was performed as in the intestinal 
I/R group, with intraperitoneal administration of  
3 mg/kg carnosol 1 h before the operation. At 2, 4 
and 6 h after reperfusion, rats were killed and blood, 
intestine and liver tissue samples were obtained. 
Intestine and liver histology was investigated. Serum 
levels of aspartate aminotransferase (AST), alanine 
aminotransferase (ALT) and interleukin (IL)-6 were 
measured. Liver tissue superoxide dismutase (SOD) 
and myeloperoxidase (MPO) activity were assayed. 
The liver intercellular adhesion molecule-1 (ICAM-1) 

and nuclear factor κB (NF-κB) were determined 
by immunohistochemical analysis and western blot 
analysis. 

RESULTS: Intestinal I/R induced intestine and liver 
injury, characterized by histological changes, as well 
as a significant increase in serum AST and ALT levels. 
The activity of SOD in the liver tissue decreased after 
I/R, which was enhanced by carnosol pretreatment. In 
addition, compared with the control group, carnosol 
markedly reduced liver tissue MPO activity and serum 
IL-6 level, which was in parallel with the decreased 
level of liver ICAM-1 and NF-κB expression. 

CONCLUSION: Our results indicate that carnosol 
pretreatment attenuates liver injury induced by 
intestinal I/R, attributable to the antioxidant effect and 
inhibition of the NF-κB pathway.
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INTRODUCTION
Intestinal ischemia reperfusion (I/R) is one of  the 
most common types of  cell injury, which is caused by 
many factors, such as acute blood loss, shock, ileus 
and multiple trauma. Intestinal I/R not only leads 
to intestinal damage itself, but also causes severe 
destruction of  remote organs[1-3]. The liver is the first 
distant organ involved after intestinal I/R[4,5]. Although 
the detailed mechanism of  liver injury induced by 
intestinal I/R remains to be elucidated, a variety 
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of  inflammatory mediators including intracellular 
adhesion molecule-1 (ICAM-1) and cytokines, as well as 
infiltration of  neutrophils have been implicated in this 
process[6-8].

Nuclear factor κB (NF-κB) is one of  the most 
important transcriptional factors, which consists of  
p50 and p65 subunits. In quiescent cells, it exists as 
a latent cytoplasmic complex bound to an inhibitor 
protein, I-κB. In response to an activation signal, I-κB is 
phosphorylated and degraded through the proteosomal 
pathway. The free NF-κB complex is then able to 
translocate into the nucleus and induce expression of  
various target genes that are critical for cell survival, 
inflammation and immunity[9,10]. NF-κB is also activated 
and plays a major role during the local and systemic 
inflammatory response following intestinal I/R[11]. Thus, 
modulating the NF-κB pathway is a new concept and 
therapeutic option to attenuate intestinal I/R-induced 
local and remote organ injury[11-13].

Carnosol, a major component of  rosemary, is a 
phenolic diterpene that has potent antioxidant and 
anti-inflammatory activities[14-16]. Carnosol has been 
found to suppress NO production and inducible nitric 
oxide synthase gene expression by inhibiting NF-κB 
activation[17].

In this study, we investigated the effects of  carnosol 
on liver injury following intestinal I/R and explored the 
mechanism of  its protective action.

MATERIALS AND METHODS
Animals 
Male Wistar rats (Animal Center of  Dalian Medical 
University, Dalian, China) weighing 190-220 g were used 
in this study, which was approved by the Institutional 
Ethics Committee. All rats were fed with standard 
laboratory chow and water, and housed in accordance 
with institutional animal care guidelines. 

Experimental design
Rats were assigned randomly into three experimental 
groups: control, intestinal I/R and carnosol pretreatment 
groups (n = 18 in each group). The rats in the control 
group underwent surgical preparation including isolation 
of  the superior mesenteric artery (SMA) without 
occlusion; the intestinal I/R group was subjected to 1 h 
intestinal ischemia and various times of  reperfusion after 
the SMA was isolated and occluded[18]. In the carnosol 
pretreatment group, surgery was performed as in the 
intestinal I/R group with intraperitoneal administration 
of  3 mg/kg carnosol (Cayman Chemical Company, Ann 
Arbor, MI, USA) 1 h before the operation. Carnosol 
was dissolved in 3% DMSO before administration. 
The dose of  carnosol administered was determined 
according to a previous study[19], with modification from 
our preliminary experiments. The rats in the control and 
intestinal I/R group were treated with an equal volume 
of  3% DMSO when needed. At each of  the indicated 
time points (2, 4 and 6 h after reperfusion), six rats were 

killed randomly from each group, and blood, intestine 
and liver tissue samples were obtained for further 
analysis. 

Intestine and liver morphological assessment 
The isolated intestine and liver tissues were harvested 
and fixed in 10% formalin. After being embedded in 
paraffin, the tissues were stained with hematoxylin and 
eosin for light microscopy.

Measurement of serum aspartate aminotransferase 
(AST), alanine aminotransferase (ALT) and interleukin 
(IL)-6 levels
The serum levels of  AST and ALT were measured with 
an OLYMPUS AU1000 automatic analyzer (AusBio 
Laboratories Co., Ltd. Beijing, China). The serum levels 
of  IL-6 were determined using a radioimmunoassay kit 
(Radioimmunity Institute of  PLA General Hospital, 
Beijing, China) following the manufacturer’s instructions.

Liver superoxide dismutase (SOD) and myeloperoxidase 
(MPO) activity assay
The liver tissues were harvested and homogenized 
immediately on ice in five volumes of  normal saline. 
The homogenates were centrifuged at 1200 r/min for 
10 min. The SOD and MPO activity in the supernatant 
was determined using an assay kit (Nanjing Jincheng 
Corp. , China) , according to the manufacturer ’s 
recommendations.

Liver NF-κB immunohistochemical analysis
For mal in-f ixed, paraff in-embedded l iver t issue 
sections of  4-μm thickness were stained with SP 
immunohistochemistry technique for NF-κB. After 
being dewaxed or washed in PBS, tissue sections were 
cultured in 3% hydrogen peroxide to eliminate intrinsic 
peroxidase, and quenched in normal goat serum for 
30 min. The sections were then incubated overnight 
at 4℃ with polyclonal rabbit anti-rat NF-κB antibody 
(NeoMarkers Corp, Jingmei Biotech, Shenzhen, China), 
followed by addition of  anti-rabbit immunoglobulin and 
streptavidin conjugated to horseradish peroxidase (HRP). 
Finally, slides were stained with 3,3'-diaminobenzidine 
(DAB), and hematoxylin was used for counter staining. 
Brown sta ining in cytoplasm and nucleus were 
considered as positive. 

Liver ICAM-1 and NF-κB western blotting 
Cellular plasma and nuclear protein were extracted from 
frozen live tissue with a protein extraction kit (Pierce, 
Rockford, IL, USA). The protein was separated by 10% 
SDS-PAGE and then electroblotted onto nitrocellulose 
membranes (Millipore, Bedford, MA, USA) for 30 min. 
The membranes were then incubated overnight at 
4℃ with rabbit polyclonal antibody ICAM-1 (Boster 
Corp., Ltd. Wuhan, China) and NF-κB against rat. The 
membranes were incubated for 1 h at 37℃ with an 
anti-rabbit IgG conjugated with HRP. The signals were 
visualized by a DAB assay kit (Fuzhou Maixin Biological 
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Technology Co., Ltd, Fuzhou, China) and analyzed with 
a gel imaging system (Kodak System EDAS120, Japan).

Statistical analysis 
All data were expressed as mean ± SD. The F test was 
used to evaluate statistical significance using SPSS 10.0 
statistical software (Chicago, IL, USA). P < 0.05 was 
considered statistically significant.

RESULTS
Effect of carnosol on intestinal I/R-induced liver injury
Intestinal I/R induced apparent intestine and liver injury 
at all the time points (2, 4 and 6 h) after reperfusion, 
manifested as histological changes in the intestine and 
liver with edema, hemorrhage and neutrophil infiltration, 
as well as a significant increase in serum AST and ALT 
level (P < 0.01, P < 0.05) when compared with the control 
group. Compared with the I/R group, the intestine and 
liver pathological damage was improved in the carnosol 
pretreatment group (Figure 1). In addition, there was 
a significant difference in liver function between the 
intestinal I/R and carnosol pretreatment groups (P < 0.05, 
Figure 2), which indicates that carnosol significantly 
attenuated the intestinal I/R-induced liver injury.

Effect of carnosol on liver SOD activity
Compared with the control group, liver tissue SOD level 
in the I/R group reduced significantly (P < 0.01). SOD 
level was elevated markedly in carnosol pretreatment 
(P < 0.05, Figure 2).

Effect of carnosol on liver neutrophil infiltration
Liver neutrophil infiltration was determined by MPO 

activity. Compared with the control group, liver tissue 
MPO activity increased significantly after intestinal I/R 
(P < 0.01). Administration of  carnosol reduced MPO 
activity in liver tissue significantly (P < 0.05, Figure 2).

Effect of carnosol on serum IL-6 level
Compared with the control group, there was a marked 
increase in serum IL-6 level in the intestinal I/R group 
at 2 and 4 h of  reperfusion (P < 0.01), however carnosol 
pretreatment decreased serum level of  IL-6 significantly 
at 2 h of  reperfusion when compared with the I/R 
group (P < 0.01, Figure 2). This indicated that carnosol 
was sufficiently effective to suppress the increase of  IL-6 
level at early times after reperfusion. 

Effect of carnosol on liver NF-κB p65 expression
The immunohistochemical study showed that there was 
little staining of  NF-κB p65 in the control group. In 
comparison, the strong positive expression of  NF-κB 
p65 as brown staining was observed in the nucleus and 
cytoplasm in the intestinal I/R group. While the positive 
staining of  NF-κB p65 expression was weakened 
markedly in the carnosol pretreatment group (Figure 3), 
western blotting showed weak staining for liver NF-κB 
p65 in the control group. Compared with the control 
group, IOD level of  NF-κB p65 increased markedly in 
the intestinal I/R group (P < 0.05). After pretreatment 
with carnosol, the IOD level of  NF-κB p65 decreased 
significantly (P < 0.05, Figure 4A).

Effect of carnosol on liver ICAM-1 expression
Western blotting showed weak positive staining for 
ICAM-1 in the liver in the control group. However, a 
significant ICAM-1 protein signal was observed in the 

Figure 1  Changes in histology of intestine and liver tissues (× 200) in the control (A), intestinal I/R (B) (1 h ischemia and 4 h reperfusion) and carnosol 
pretreatment (C) groups. A: Normal structure of intestine and liver; B: Edema, hemorrhage and neutrophil infiltration were observed in intestinal mucosa and liver 
tissue; C: Relatively normal histology of intestine and liver with less inflammatory cell infiltration.
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intestinal I/R group. Compared with the control group, 
IOD level of  ICAM-1 increased markedly (P < 0.05). 
This decreased markedly after pretreatment with carnosol 
(P < 0.05, Figure 4B). 

DISCUSSION
Intestinal I/R is not only necessary to the intestine itself, 
but involves severe distant tissue dysfunction. Liver is 
particularly vulnerable to the negative consequences 
of  intestinal I/R because its vasculature is coupled in 
series with that of  the intestine[20]. Although the precise 
mechanisms of  intestinal I/R-induced liver injury have 
not been elucidated fully, previous research has shown 
that liver injury associated with intestinal I/R appear 
to be dependent on leukocyte adhesion and activation. 
Intestine- and/or liver-derived mediators, such as oxygen 

radical species, IL-6 and tumor necrosis factor-α, have 
been suggested as participants in the I/R-induced, 
leukocyte-mediated liver responses[5,7,21].

Recent studies have implied that the NF-κB 
pathway is involved in this process. A multitude of  
signaling factors, including oxidants, inflammatory 
cytokines, immune stimuli and viruses, can activate the 
transcriptional factor NF-κB[11,12,21]. In the early stage 
of  intestinal I/R, the gut barrier function is damaged 
progressively, and bacteria, endogenous endotoxin, 
bacteriotoxin and reactive oxygen species invade the 
circulation and induce expression of  NF-κB[10]. Since 
NF-κB activation requires nuclear translocation of  the 
Rel/p65 subunit of  NF-κB, nuclear NF-κB p65 level 
was examined to assess the activation of  NF-κB. In 
the present study, intestinal I/R-induced liver injury 
manifested as pathological liver injury, significantly 

Figure 2  Activity of serum AST (U/L), serum ALT (U/L), liver tissue SOD (U/mg), liver tissue MPO (U/g) and serum IL-6 (ng/L) in different groups. After 1h 
intestinal ischemia and 2, 4 and 6 h reperfusion, the serum was assayed for AST, ALT and IL-6 activity. The liver tissue was assayed for SOD and MPO level. Data are 
expressed as mean ± SD. aP < 0.05, bP < 0.01 vs control group; cP < 0.05, dP < 0.01 vs I/R group.
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Figure 3  Immunohistochemical staining of liver NF-κB p65 (× 400) in the control (A), I/R (B) (1 h ischemia and 4 h reperfusion) and carnosol pretreatment (C) 
groups (carnosol 3 mg/kg intraperitoneal administration).
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increased serum ALT and AST levels, and alterations 
in the biochemical indicators of  oxidative stress in the 
liver. These changes were parallel to the increased level 
of  serum IL-6 and liver NF-κB p65 expression, which 
suggests that activation of  the NF-κB pathway plays 
an important part in the pathogenesis of  intestinal 
I/R-induced liver injury. The above observation is also 
consistent with our previous study[12,13]. 

Extracts of  Rosmarinus officinalis L. have been used 
widely as a preservative in the food industry because 
of  the antioxidant activity of  their constituents such as 
carnosol and carnosic acid[22-24]. Carnosol and carnosic 
acid are good scavengers of  peroxyl radicals and are 
able to block the formation of  the hydroxyl radical 
generated in non-lipid systems[25]. They have been shown 
to inhibit non-enzymatic-induced lipid peroxidation in 
liver microsomes when incubated in the presence of  
FeCl3[25] or Fe(NO3)3

[23]. Carnosol has also been shown to 
suppress the formation of  proinflammatory leukotrienes 
in rat leukocytes[26]. In addition, inhibition of  activation 
of  transcription factor NF-κB has been proposed as 
one of  the important underlying mechanisms of  action 
of  carnosol[16,17]. Therefore, it is reasonable to postulate 
that carnosol may exert protective effects in intestinal 
I/R-induced liver injury.

As expected, the present s tudy showed that 
pretreatment with carnosol considerably attenuated 
intestinal I/R-induced liver injury, including reduced 
liver morphological injury and oxidative stress, as well 
as decreased serum ALT and AST activity. In addition, 
carnosol pretreatment resulted in significant down-
regulation of  the proinflammatory factor IL-6, which 
in turn, limited activation of  circulation leukocytes in 
the microcirculation of  the liver and other tissues. This 
led to reduced inflammation-mediated tissue injury. 
Moreover, endothelial adhesion molecules expressed 
on the surface of  endothelial cells, such as ICAM-1, 
which play an important role in mediating firm adhesion 
and emigration of  activated leukocytes in postcapillary 

venules, were attenuated after carnosol treatment. The 
down-regulation of  IL-6 and ICAM-1 was consistent 
with the decreased expression of  NF-κB, which 
indicated that the protective effect of  carnosol on 
intestinal I/R-induced liver injury may be related partly 
to the inhibition of  NF-κB activation.

In conclusion, we showed pretreatment with the 
natural antioxidant carnosol attenuated liver injury 
induced by intestinal I/R, attributable to the antioxidant 
effect and inhibition of  the NF-κB pathway.

COMMENTS
Background
Carnosol is a phenolic diterpene that has potent antioxidant and anti-
inflammatory activities. There have been no reports about its effect on liver 
injury induced by intestinal ischemia/reperfusion (I/R). The present study 
investigated the preconditioning effects of carnosol on liver injury induced by 
intestinal I/R and confirmed the hypothesis that the protective effect of carnosol 
is mediated via inhibition of nuclear factor κB (NF-κB) activity.
Research frontiers
Recently, it has been found that NF-κB plays a major role during the local and 
systemic inflammatory response following I/R. This study attempted to confirm 
that modulating the NF-κB pathway is a novel concept and therapeutic strategy 
for attenuating liver injury caused by intestinal I/R. 
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The study showed pretreatment with the natural antioxidant carnosol attenuated 
liver injury induced by intestinal I/R, attributable to the antioxidant effect and 
inhibition of the NF-κB pathway.
Applications
This study indicated that carnosol pretreatment protects liver injury induced by 
intestinal I/R. The protective effects may be associated with inhibition of NF-κB  
activation. This may represent a novel and attractive approach to prevent 
intestinal I/R injury.
Terminology
NF-κB proteins are a family of transcriptional factors that control the 
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Figure 4  IOD level of western blotting analysis of liver NF-kB p65 (A) and ICAM-1 (B) in the control, intestinal I/R (1 h ischemia and 4 h reperfusion) and 
carnosol pretreatment groups (carnosol 3 mg/kg intraperitoneal administration). Data are expressed as mean ± SD. aP < 0.05 vs control group; cP < 0.05 vs I/R 
group.
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