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Carbon tetrachloride (CCl4 ) is a well-known hepato-
toxic agent used to induce experimental liver injury 
[1]. It is suggested that CCl4 is not toxic by itself [2] 
but causes oxidative stress and lipid peroxidation 
by producing trichloromethyl (CCl3 ) [3–5]. CCl3 
free radicals derived from CCl4 react with sulfoethyl 
groups like glutathione (GSH), catalase, and super-
oxide dismutase and protein thiols. Furthermore, 
covalent binding of CCl3 to cell membrane induces 
lipid peroxidation [2,6], protein oxidation leading to 
hepatocellular membrane damage [3,5], and, finally, 
cell necrosis [2]. After hepatocellular damage, the 
altered permability of cell membrane leads to release 
of hepatospecific enzymes into blood circulation [5].
CCl4 stimulates Kupffer cells that leads to a produc-
tion of proinflammatory mediators [7]. Madro et al. 
determined that CCl4 does not cause cirrhotic changes 
but it activates Ito cells, causes focal retraction of 
the stroma and fibrosis. An increased number of Ito 
cells is a sign of the activation of liver fibrosis due 

to CCl4 administration [8]. Fibrosis caused by CCl4 
was reduced in mice genetically lacking B and T lym-
phocytes. On the other hand, mice lacking B and T 
lymphocytes as well as natural killer (NK) cells had a 
significant increase in hepatic fibrosis, which empha-
sizes the anti-fibrotic capacity of the NK cells [9].
Caffeic acid phenethyl ester (CAPE) is an active com-
ponent of propolis that has antioxidant, immunomod-
ulatory, antiinflammatory, anticarcinogenic [10–12], 
antiviral, antiatherosclerotic, antiproliferative, and 
neuroprotective properties [13]. Antiinflammatory 
properties of CAPE are thought to be due to the 
supression of eicosanoid synthesis, inhibition of 
arachidonic acid release from cell membrane, expres-
sion of cyclooxygenase-2 (cox-2) gene, and the inhi-
bition of COX-1 and COX-2 activity [14]. CAPE also 
has free-radical scavenging activities [13,14]. CAPE 
reduces bioactivation of carcinogens like benzo(a)
pyrene [15]. It was proven that CAPE suppresses 
lipid peroxidation and stimulates the activitiy of 
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ABSTRACT

This study was designed to investigate the protective effects of caffeic acid phenethyl ester on carbon tetrachlo-
ride-induced liver damage in rats. Twenty-four male Wistar rats were divided in three groups. Group I was 
used as control. Rats in group II were injected with carbon tetrachloride every other day for 1 month, whereas 
rats in group III were injected with carbon tetrachloride and caffeic acid phenethyl ester every other day for 1 
month. At the end of the experiment, all animals were killed by decapitation and their livers were removed. 
Liver tissues were processed for electron microscopy. Histopathologically, hepatocytes of rats treated with 
carbon tetrachloride had damage in the cytoplasmic organelles and nuclei membranes as well as an excessive 
lipid accumulation in the hepatocytes. However, those histopathological changes were reduced with the coad-
ministration of carbon tetrachloride and caffeic acid phenethyl ester. We conclude that caffeic acid phenethyl 
ester treatment has the capability to prevent carbon tetrachloride-induced liver damage in rats.
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antioxidant enzymes [16]. In fact, CAPE has been used 
in folk medicine for many years [10].
Liver disease is a widespread health problem through-
out the world. That’s why it is necessary to find alterna-
tive protection or therapy against liver disorders. Our 
objectives were to confirm the liver injury induced by 
CCl4 and to detect whether CAPE may provide protec-
tion against the CCl4-induced liver injury.

Materials and Methods

Animals and Treatment

Ethical approval for this study has been obtained from 
Firat University Faculty of Medicine Ethics Board and 
all procedures conformed to the “Guide for the Care 
and Use of Laboratory Animals.” Twenty-four adult 
male Wistar albino rats (weighing 170–220 g) were used 
in this study. Rats were randomly divided into 3 groups 
with 8 animals per group. The rats were kept in Plexiglas 
cages (4 animals per cage) and received standard chow 
and water ad libitum in an air-conditioned room with 
automatically regulated temperature (22 ± 1°C) and 
light cycle (light: 07.00–19.00). All rats were allowed to 
acclimatize for 1 week prior to experimentation. Control 
rats (group I) received pure olive oil (1 mL subcutane-
ously (sc)) alone. Rats in group II were injected with 
CCl4 (0.5 mL/kg body weight per 1 mL olive oil sc; EM 
Science, Cherry Hill, NJ, USA) every other day for 1 
month. Rats in group III received CAPE (10 μmol/kg 
body weight intraperitoneally (ip)) and a subcutaneous 
injection of CCl4 every other day for 1 month. CAPE was 
synthesized in the Physico-Chemistry Laboratory using 
the technique described by Grunberger et al. [17]

Histopathological Analysis of Live

All animals were killed by decapitation at the end of 
the experiment. A midsaggital incision was made and 

livers of all rats were removed and fixed in 2.5% glu-
taraldehyde in 0.1 M sodium phosphate buffer (pH 7.2) 
within 24 h of removal. After a rinsing with phosphate 
buffer, tissues were postfixed with 2% osmium tet-
raoxide in sodium phosphate buffer. Dehydration was 
accomplished by gradual ethanol series, and tissues 
were embedded in epoxy resin. Semithin sections were 
stained with toluidine blue and examined with a BH2 
light microscope (Olympus, Tokyo, Japan). Ultrathin 
sections (800 nm) were stained with uranyl acetate and 
lead citrate. Sections were then viewed and photo-
graphed with a Zeiss 9EM TEM.

Results

Histopathological Findings

Hepatocytes, sinusoids, and sinusoidal cells structures in 
group I (control group) were normal (Figure 1). In group 
II, there was excessive lipid accumulation and vacuoliza-
tion in the cytoplasm of hepatocytes, invagination of 
nuclear membranes of hepatocytes, and as well as nuclei 
of different sizes (Figures 2, 3). Moreover, karyorectic 
hepatocytes were also detected (Figure 4). In the electron 
microscopic examination, lipid accumulation in the hepa-
tocytes was evident (Figure 5). In addition, microvilli of 
hepatocytes disappeared, cytoplasmic organelles of hepa-
tocytes were damaged, and the intercellular boundaries 
were obscured (Figure 6). In group III, CAPE provided 
protection for hepatocytes, sinusoids, and sinusoidal cells 
(Figure 7). Different from group II, microvilli of hepato-
cytes were not damaged. Cytoplasmic organelles had a 
more organized appearance (Figure 8).

Discussion

CCl4 is widely used to induce experimental liver injury. 
Peroxidation of membrane lipids and formation of free 

Figure 1  Group I: hepatocytes (h), sinusoids (s), and sinusoidal 
cells are normal in appearance. Toluidine blue; bar, 4 mµ.

Figure 2  Group II: excessive lipid (L) accumulation, nuclear 
membrane invagination (arrow) and different sized nuclei are 
evident in the hepatocytes. Toluidine blue; bar, 4 mµ.
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radicals are responsible for the toxic effects of CCl4. Lipid 
peroxidation, particularly those containing polyunsatu-
rated fatty acids, can significantly change the properties 
of biological membranes. This can lead to severe cell 
damage and play an important role in the pathogenesis 
of diseases [18]. Under normal conditions, the free radi-
cal levels in the body are low and healthy organisms can 
neutralize, metabolize, or decrease their toxic effects by 
free radical scavengers, such as superoxide dismutase 
(SOD) and catalase. Hepatic injury caused by CCl4 is 
thought to be due to an increased production of reactive 
oxygen species (ROS) [19]. Excessive levels of ROS dam-
age lipids, proteins, and nucleic acids. Following this, 
cell death occurs by necrosis or apoptosis [20].

Cell death is one of the important steps in the devel-
opment of liver injury, fibrosis, alcoholic liver disease, 
and hepatitis [21,22]. Mitochondria are notable among 
the hepatocytic organelles affected by CCl4 administra-
tion. It was found that even a small amount of CCl4 
causes ultrastructural changes of hepatic mitochondria 
[23,24]. This situation plays a key role in controlling cell 
death [25].

Chronic administration of CCl4 induces fibrosis, as 
indicated by an increase in the serum levels of AST 

and ALT [26]. The increased serum levels of ALT are an 
indicator of the degree of cell membrane damage, while 
AST is an indicator of mitochondrial damage [25]. We 
also determined damage in the biological membranes 
and organelles, including mitochondria.

Hepatic fibrosis is triggered by hepatocyte damage, 
which recruits inflammatory cells and platelets, acti-
vates Kupffer cells, along with a release of cytokines and 
growth factors. These factors activate hepatic stellate 
cells (HSC). Activated HSC proliferate and transform 
into myofibroblast-like cells that deposit large amounts 
of connective tissue components [26].

Xu et al. observed that CCl4 administration causes 
inflammation, necrosis, and collagen deposition [26,27]. 
It was found that administration of estradiol decreases 
the serum enzyme and subsequently protects the struc-
tural integrity of the hepatocellular membrane against 
CCl4 [26].

Tang et al. noticed that CCl4 caused fatty changes, 
necrosis, and loss of cellular boundary in liver as well as 
infiltration of lymphocytes and Kupffer cells [25]. Mas 
et al. observed a breakdown of organization of the rough 
endoplasmic reticulum (RER), a vacuolization of the 

Figure 4  Group II: One of the karyorectic hepatocytes (*).
Toluidine blue; bar, 10 mµ.

Figure 5  Group II: excessive lipid accumulation (*) and disor-
ganized cytoplasmic organelles. Lead citrate–uranyl acetate; bar, 
2.5 mµ.

Figure 6  Group II: lipid (L) loaded Ito cell in the Disse space. 
Microvilli of hepatocytes disappear and cytoplasmic organelles 
of hepatocytes disorganize (*). Lead citrate–uranyl acetate; bar, 
1.1 mµ.

Figure 3  Group II: serious vacuolization (*) in the hepatocytes. 
Toluidine blue; bar, 10 µm.
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smooth endoplasmic reticulum (SER), and an irregular-
ity of nuclear content after CCl4 injection [28]. Yao et al. 
found that hepatocytes enlarged with shrunken nuclei, 
along with different sizes of lipid droplets in the nuclei 
and cytoplasm. Moreover, CCl4 decreased the number 
of organelles [29]. Another effect of CCl4 was a swelling 
of endoplasmic reticulums [30].

Junnila et al. revealed that CCl4 caused centrilobular 
steatosis and reduced the number of mitochondria. Fatty 
infiltration of the liver is thought to develop as a result 
of the action of free alkyl radicals on biomembranes, 
which in turn causes haloalkylation-dependent block-
ing of the exit of lipoprotein micelles from the Golgi 
apparatus [31].

Histhopathologically, we detected many structural 
damages, including an excessive lipid accumulation 
in the hepatocytes as well as damage to microvilli, 
cytoplasmic organelles, and nuclei of the hepatocytes 
in this study. Damage of microvilli results in difficult 
exchange of substance between the bloodstream and the 
hepatocytes. Widespread of microvilli damage can lead 
to functional failure in the tissue.

Exogenous antioxidant molecules have the capabil-
ity to detoxify ROS even if the endogen antioxidant 
system fails. One of them, CAPE, can enhance endog-
enous antioxidant enzyme activities and prevent lipid 
peroxidation in intestinal tissue caused by intestinal 
ischemia–reperfusion injury [32]. Aladag et  al. also 
reported that CAPE has a powerful antioxidant effect by 
suppressing the formation of ROS and MDA [33]. CAPE 
can protect the brain by its antioxidant and antiinflam-
matory effects, which was shown in rabbits with focal 
permanent middle cerebral artery occlusion [34].

We also detected protective effects of CAPE against 
the CCl4 in this study. Administration of CAPE pre-
served liver structure. We suggest that CAPE provided 
a reconstitution of the antioxidant defense system. In 
short, CAPE helped to maintain the integrity of mem-
branes in both the organelles and cells.

As a result, CCl4-induced hepatic damage is fre-
quently used as a model for studying hepatoprotec-
tive drugs. Lipid peroxidation, ROS, and damage of 
endogenous antioxidant defense caused by CCl4 are 
important factors for liver pathogenesis. CAPE, due to 
its antioxidant properties, can reduce lipid peroxida-
tion and play key role for radical scavenging. Moreover, 
CAPE can support the endogenous antioxidant system. 
CAPE may also block the biotransformation of CCl4 to 
CCl3, which is the main toxic substance. Due to these 
different useful qualities of CAPE, it can be considered 
a protective drug for liver.

Acknowledgment

Declaration of interest: The authors report no conflicts 
of interest. The authors alone are responsible for the 
content and writing of the paper.

REFERENCES

1.	 Shi J, Aisaki K, Ikawa Y, Wake K. Evidence of hepatocyte 
apoptosis in rat liver after the administration of carbon tet-
rachloride. Am J Pathol. 1998; 153: 515–525.

2.	 Hidaka I, Hino K, Korenaga M, et al. Stronger neo-minopha-
gen C, a glycyrrhizin-containing preparation, protects liver 
against carbon tetrachloride-induced oxidative stress in 
transgenic mice expressing the hepatitis C virus polyprotein. 
Liver Int. 2007; 27: 845–853.

3.	 McCay PB, Lai EK, Poyer JL, DuBose CM, Janzen EG. 
Oxygen- and carbon-centered free radical formation during 
carbon tetrachloride metabolism: observation of lipid radi-
cals in vivo and in vitro. J Biol Chem. 1984; 259:2135–2143.

4.	 Taïeb D, Malicet C, Garcia S, et  al. Inactivation of stress 
protein p8 increases murine carbon tetrachloride hepato-
toxicity via preserved CYP2E1 activity. Hepatology. 2005; 42: 
176–182.

5.	 Park SW, Lee CH, Kim YS, et al. Protective effect of baicalin 
against carbon tetrachloride-induced acute hepatic injury in 
mice. J Pharmacol Sci. 2008; 106: 136–143.

6.	 Lee KJ, Choi JH, Khanal T, Hwang YP, Chung YC, Jeong HG. 
Protective effect of caffeic acid phenethyl ester against carbon 

Figure 7  Group III: hepatocytes (h), sinusoids (s), and sinusoi-
dal cells seem like group I through CAPE protection. Toluidine 
blue; bar, 2 mµ.

Figure 8  Group III: cytoplasmic organelles and microvilli (*) 
of hepatocytes and intercellular boundaries are well preserved 
thanks to CAPE protection. Lipid (L) loaded normal appearanced 
Ito cell in the Disse space. Lead citrate–uranyl acetate; bar, 2.5 
mµ.



Protective Effects of CAPE on Liver Injury    30

© 2011 Informa Healthcare USA, Inc.

tetrachloride-induced hepatotoxicity in mice. Toxicology. 2008; 
248: 18–24.

7.	 Lee CH, Park SW, Kim YS, et al. Protective mechanism of 
glycyrrhizin on acute liver injury induced by carbon tetra-
chloride in mice. Biol Pharm Bull. 2007; 30: 1898–1904.

8.	 Madro A, Słomka M, Celiński K, et al. The influence of inter-
feron alpha on the rat liver injured by chronic administration 
of carbon tetrachloride. Ann Univ Mariae Curie Sklodowska 
Med. 2002; 57: 55–60.

9.	 Melhem A, Muhanna N, Bishara A, et al. Anti-fibrotic activ-
ity of NK cells in experimental liver injury through killing of 
activated HSC. J Hepatol. 2006; 45: 60–71.

10.	 Ates B, Dogru MI, Gul M, et al. Protective role of caffeic acid 
phenethyl ester in the liver of rats exposed to cold stress. 
Fundam Clin Pharmacol. 2006; 20: 283–289.

11.	 Jung WK, Lee DY, Choi YH, et al. Caffeic acid phenethyl ester 
attenuates allergic airway inflammation and hyperrespon-
siveness in murine model of ovalbumin-induced asthma. Life 
Sci. 2008; 82: 797–805.

12.	 Kudugunti SK, Vad NM, Ekogbo E, Moridani MY. Efficacy of 
caffeic acid phenethyl ester (CAPE) in skin B16-F0 melanoma 
tumor bearing C57BL/6 mice. Invest New Drugs. 2009; Oct 21. 
[Epub ahead of print]

13.	 Carrasco-Legleu, CE, Sánchez-Pérez Y, Márquez-Rosado L, 
et al. A single dose of caffeic acid phenethyl ester prevents 
initiation in a medium-term rat hepatocarcinogenesis model. 
World J Gastroenterol. 2006; 12: 6779–6785.

14.	 Carrasco-Legleu CE, Márquez-Rosado L, Fattel-Fazenda 
S, Arce-Popoca E, Pérez-Carreón JI, Villa-Treviño S. 
Chemoprotective effect of caffeic acid phenethyl ester on pro-
motion in a medium-term rat hepatocarcinogenesis assay. Int 
J Cancer. 2004; 108: 488–492.

15.	 Beltrán-Ramírez O, Alemán-Lazarini L, Salcido-Neyoy M, 
et al. Evidence that the anticarcinogenic effect of CAPE in 
the resistant hepatocyte model involves modification of cyto-
chrome P450. Toxicol Sci. 2008; 104: 100–106.

16.	 Yagmurca M, Erdogan H, Iraz M, Songur A, Ucar M, 
Fadillioglu E. Caffeic acid phenethyl ester as a protective 
agent against doxorubicin nephrotoxicity in rats. Clin Chim 
Acta. 2004; 348: 27–34.

17.	 Grunberger D, Banerjee R, Eisinger K, et al. Preferential cyto-
toxicity on tumor cells by caffeic acid phenethyl ester isolated 
from propolis. Experientia. 1988; 44: 230–232.

18.	 He SX, Luo JY, Wang YP, et al. Effects of extract from Ginkgo 
biloba on carbon tetrachloride-induced liver injury in rats. 
World J Gastroenterol. 2006; 12: 3924–3928.

19.	 Wang CY, Ma FL, Liu JT, Tian JW, Fu FH. Protective effect 
of salvianic acid a on acute liver injury induced by carbon 
tetrachloride in rats. Biol Pharm Bull. 2007; 30: 44–47.

20.	 Feng Y, Lu YW, Xu PH, et al. Caffeic acid phenethyl ester 
and its related compounds limit the functional altera-
tions of the isolated mouse brain and liver mitochondria 

submitted to in vitro anoxia-reoxygenation: relationship to 
their antioxidant activities. Biochim Biophys Acta. 2008; 1780:  
659–672.

21.	 Canbay A, Friedman S, Gores GJ. Apoptosis: the nexus of 
liver injury and fibrosis. Hepatology. 2004; 39: 273–278.

22.	 Kaplowitz N. Mechanisms of liver cell injury. J Hepatol. 2000; 
32: 39–47.

23.	 Tomasi A, Albano E, Bani S, et  al. Free-radical metabo-
lism of carbon tetrachloride in rat liver mitochondria: a 
study of the mechanism of activation. Biochem J. 1987; 246:  
313–317.

24.	 Weber LW, Boll M, Stampfl A. Hepatotoxicity and mechanism 
of action of haloalkanes: carbon tetrachloride as a toxicologi-
cal model. Crit Rev Toxicol. 2003; 33: 105–136.

25.	 Tang X, Gao J, Wang Y, et al. Effective protection of Terminalia 
catappa L. leaves from damage induced by carbon tetra-
chloride in liver mitochondria. J Nutr Biochem. 2006; 17: 
177–182.

26.	 Xu JW, Gong J, Chang XM, et  al. Estrogen reduces CCL4-
induced liver fibrosis in rats. World J Gastroenterol. 2002; 8: 
883–887.

27.	 Wu XL, Zeng WZ, Wang PL, et al. Effect of compound rhodi-
ola sachalinensis A Bor on CCl4-induced liver fibrosis in rats 
and its probable molecular mechanisms. World J Gastroenterol. 
2003; 9: 1559–1562.

28.	 Mas N, Tasci I, Comert B, Ocal R, Mas MR. Ursodeoxycholic 
acid treatment improves hepatocyte ultrastructure in rat liver 
fibrosis. World J Gastroenterol. 2008; 14:1108–1111.

29.	 Yao XX, Jiang SL, Tang YW, Yao DM, Yao X. Efficacy of 
Chinese medicine Yi-gan-kang granule in prophylaxis and 
treatment of liver fibrosis in rats. World J Gastroenterol. 2005; 
11: 2583–2590.

30.	 Marumoto Y, Terai S, Urata Y, et al. Continuous high expres-
sion of XBP1 and GRP78 is important for the survival of bone 
marrow cells in CCl4-treated cirrhotic liver. Biochem Biophys 
Res Commun. 2008; 367: 546–552.

31.	 Junnila M, Rahko T, Sukura A, Lindberg LA. Reduction 
of carbon tetrachloride-induced hepatotoxic effects by 
oral administration of betaine in male Han-Wistar rats: 
a morphometric histological study. Vet Pathol. 2000; 37:  
231–238.

32.	 Yildiz Y, Serter M, Ek RO, et al. Protective effects of caffeic 
acid phenethyl ester on intestinal ischemia–reperfusion 
injury. Dig Dis Sci. 2009; 54: 738–744.

33.	 Aladag MA, Turkoz Y, Ozcan, C, et al. Caffeic acid phenethyl 
ester (CAPE) attenuates cerebral vasospasm after experimen-
tal subarachnoidal haemorrhage by increasing brain nitric 
oxide levels. Int J Dev Neurosci. 2006; 24: 9–14.

34.	 Altug ME, Serarslan Y, Bal R, et al. Caffeic acid phenethyl 
ester protects rabbit brains against permanent focal ischemia 
by antioxidant action: a biochemical and planimetric study. 
Brain Res. 2008;1201: 135–142.


