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Objective(s): A monoterpene alpha-pinene possesses anti-oxidant, anti-inflammatory, and anti-
apoptotic properties. Here, we investigated the effect of alpha-pinene on molecular, biochemical, 
and histological changes induced by carbon tetrachloride (CCl4) in the liver of male Wistar rats. 
Materials and Methods: Animals were divided into four groups: Control, Pinene, CCl4, and 
CCl4.Pinene. Pinene and CCl4.Pinene groups were given alpha-pinene (50 mg/kg/day) through 
intraperitoneal (IP) injections for six consecutive weeks. CCl4 and CCl4.Pinene groups received IP 
injections of CCl4 (2 ml/kg twice weekly for six consecutive weeks).
Results: The results revealed that alpha-pinene inhibited enhancing liver enzyme AST (P<0.001), ALT 
(P<0.001), ALP (P<0.01), and GGT (P<0.001) activity in CCl4.Pinene rats. It reduced malondialdehyde 
(P<0.05) and nitric oxide (P<0.05) levels and increased the catalase enzyme activity (P<0.05) and 
glutathione levels (P<0.01) in the liver. Likewise, alpha-pinene suppressed proinflammatory and 
profibrotic gene expression and prevented significant histological damage and collagen deposition 
in the liver of these animals. Also, alpha-pinene reduced the expression of TLR4 (P<0.01), NF-κB 
(P<0.05), PI3K (P<0.05), Akt (P<0.05), mTOR (P<0.01), TGF-β1 (P<0.01), and Smad3 (P<0.01) in the 
liver of rats receiving CCl4. 
Conclusion: We concluded that alpha-pinene reduced CCl4-induced liver fibrosis by lowering 
oxidative stress, suppressing liver inflammation, and inhibiting TLR4/NF-κB, TGF-β/Smad3, and PI3K/
Akt/mTOR signaling pathways. Consequently, alpha-pinene may have potential therapeutic value in 
treating liver diseases.
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Introduction
Carbon tetrachloride (CCl4) is a highly toxic substance 

that has been widely used in various studies to induce 
liver fibrosis and cirrhosis. Additionally, evidence shows 
its harmful effects on other organs such as the kidneys, 
testicles, and brain. CCl4 metabolites in the body promote 
lipid peroxidation, leading to damage to proteins and 
DNA. By increasing the production of oxidation products 
like protein carbonyls and malondialdehyde (MDA), 
CCl4 hinders protein production and function, including 
membrane proteins. This can destroy the cell membrane. 
As a consequence of the loss of integrity of the liver cell 
membrane, liver enzymes such as alanine transaminase 
(ALT), aspartate transaminase (AST), alkaline phosphatase 
(ALP), and gamma-glutamyl transferase (GGT) leak into 
the plasma (1, 2).

CCl4 weakens the body’s anti-oxidant system by reducing 
the activity of enzymes such as catalase, superoxide dismutase, 
and glutathione peroxidase, as well as lowering glutathione 
levels. It also leads to increased lipid peroxidation and nitric 
oxide production in the liver. This can cause oxidative and 
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nitrosative stress, which can damage liver cells (1, 3, 4). CCl4 
triggers an inflammatory response in the liver by increasing 
the production of inflammatory factors such as tumor 
necrosis factor (TNF), interleukin (IL)-1β, and IL-6, which 
are essential to liver fibrosis (2, 5). Research indicates that 
there is a direct relationship between increased oxidative 
stress and inflammatory factors and the development of 
nonalcoholic fatty liver disease (NAFLD). If NAFLD is not 
prevented, it can progress to nonalcoholic steatohepatitis 
and eventually to fibrosis, cirrhosis, and hepatocarcinoma 
(6). Additionally, CCl4 can contribute to the emergence and 
worsening of NAFLD and steatohepatitis by intensifying 
oxidative stress and inflammation in the liver (7).

Transforming growth factor (TGF)-β is produced by 
stellate cells, Kupffer cells, and hepatocytes in response to 
CCl4. TGF-β plays a crucial role in promoting liver fibrosis 
by reducing extracellular matrix remodeling through 
metalloproteinase-2 (MMP-2) production. It also stimulates 
liver collagen type I (Col-I) production through Smads and 
non-Smad signaling pathways (8-11). Research on fibrosis 
treatment is focused on suppressing oxidative stress and 
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inflammation, as well as inhibiting signaling pathways 
such as phosphoinositide 3-kinase (PI3K)/anti-apoptotic 
kinase (Akt)/mammalian target of rapamycin (mTOR), 
Toll-like receptor (TLR) 4/nuclear factor kappa-light-chain-
enhancer of activated B cells (NF-κB), and TGF-ß 1/Smad3. 
These signaling pathways play an important role in the 
development and progression of fibrosis (12-15). Natural 
compounds make a significant contribution to this field of 
research (16). 

Alpha-pinene ((1RS,5RS)-2,6,6-trimethylbicyclo[3.1.1]
hept-2-ene) is a monoterpene found in coniferous trees 
and plants such as  Piper nigrum  and  Cannabis sativa  L. 
This compound has a wide range of pharmacological effects 
(17). Alpha-pinene is anti-oxidant, anti-inflammatory, 
anti-apoptotic, anti-diabetic, cardioprotective, and 
neuroprotective (18-22). Despite this, few reports have 
been published on its potential for hepatoprotection. 
According to Santos et al. (21), alpha-pinene reduces liver 
enzyme levels of AST and ALT in diabetic rats. Moreover, 
alpha-pinene-containing plants like  Myrtus communis  L. 
and Rosmarinus officinalis L. are hepatoprotective (23, 24). 
Based on these findings, the hypothesis was proposed that 
alpha-pinene could also protect the liver. In the current 
study, alpha-pinene was examined in adult male Wistar rats 
to determine whether it affects oxidative and nitrosative 
stress, inflammation, liver enzyme levels, Col-I and MMP2 
expression, and histological changes as a result of CCl4 
treatment. We also investigated the possible mechanisms 
for hepatoprotection of alpha-pinene by studying the TLR4/
NF-κB, TGF-β/Smad2/3, and PI3K/Akt/mTOR signaling 
pathways.

Materials and Methods
Material

Alpha-pinene, ketamine, xylazine, dimethyl sulfoxide 
(DMSO), and 5, 5′-dithiobis-(2-nitrobenzoic acid) (DTNB) 
were obtained from Sigma-Aldrich (USA). All primers were 
purchased from Bioneer (Korea). The kits for biochemical 
and molecular studies are introduced in the relevant 
sections. CCl4 and other chemicals were purchased from 
Merck (Germany). 

Animals and research design
Twenty-four male Wistar rats weighing 200–220 

g were purchased from Shahid Beheshti University 
of Medical Sciences (Iran). Throughout the experiment, rats 
were maintained under standard conditions (12/12 hr of 
light-dark cycle, temperature 23–25 °C, and easy access to 
food and water) at the Nanobiotechnology Research Center 

of Islamic Azad University, Zanjan Branch. 
Animals were placed in cages in groups of four to habituate 

themselves to the laboratory conditions. One week later, the 
rats were divided into four groups of six. The Control group 
did not receive any treatment (C). Alpha-pinene (50 mg/
kg diluted in DMSO) was administered intraperitoneally 
for six consecutive weeks to the Pinene group based on its 
neuroprotective effect in a model of Alzheimer’s disease 
(20). During the same period, the CCl4 group received 2 ml/
kg of 30% CCl4 twice weekly (intraperitoneally) (25). The 
CCl4.Pinene group was also treated with both substances. 
At the end of the six weeks, animals were sacrificed under 
ketamine (50 mg/kg)-xylazine (10 mg/kg) anesthesia (26). 
Next, biochemical, molecular, and histological analyses were 
conducted on blood and liver samples. For biochemical and 
histological investigations, all animals were sampled. For 
molecular studies, 5 rats from each group were used. Figure 
1 shows the research timeline.

The Animal Ethics Committee of Islamic Azad 
University, Zanjan branch approved the study (Code: 
IR.IAU.Z.REC.1401.036).

Assessment of liver enzyme activity 
According to the instructions, we measured the AST, 

ALT, ALP, and GGT enzyme levels in serum using Bionik 
enzyme kits (Bionik, Iran).

Liver homogenization for biochemical studies
Liver samples were homogenized in Tris-HCl buffer 

(pH 7.5, 0.25 M) and centrifuged (12000 g, 20 min, 4 °C). 
Supernatant protein concentrations were determined using 
the Lowry method (27). 

Lipid peroxidation assay
MDA levels in the liver were measured to determine lipid 

peroxidation. A pink color is produced when MDA reacts 
with thiobarbituric acid (TBA). For measuring MDA, 250 
μl of homogenized liver tissue was mixed with 500 μl of 
trichloroacetic acid (TCA) and heated at 95 °C for 15 min. 
Then the samples were centrifuged (14000 g, 5 min). 250 μl 
of TBA solution was added to the supernatant and placed in 
a hot water bath at 95 °C for 10 min, and its absorbance was 
read at 532 nm wavelength. The concentration of MDA was 
expressed in nmol/mg protein (28).

Measurement of nitric oxide
The amount of nitrite, which is one of the products of 

nitric oxide, was measured using a kit purchased from 
ArsamFaraZist (Iran). Under acidic conditions, NO2- reacts 

Figure 1. Research timeline 
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with sulfanilamide and N-(1-Naphthyl) ethylenediamine 
dihydrochloride (NED) to form the azo compound, which 
appears pink (Griess reaction). 20 μl of liver homogenate 
was mixed with 880 μl of distilled water. The next step was 
to add 50 μl of sulfonamide and incubate it for 5 min at 
room temperature. Afterward, 50 μl of NED reagent was 
added, and its absorbance was measured at 520 nm. NO 
concentration was expressed in nmol/mg protein (20).

GSH evaluation
This test measures glutathione by detecting the reaction 

between its thiol and the DTNB. GSH levels were evaluated 
by mixing homogenized tissue (100 μl) with diluent buffer 
(to a volume of 400 μl). Afterward, 100 μl of sulfosalicylic 
acid was added and incubated on ice for 10 min before 
centrifugation (12,000 g, 5 min). A yellow color was created 
by adding 400 μl of reaction buffer and 100 μl of DTNB to 
the supernatant. As a final step, its absorption was read at 
412 nm. The amount of GSH was expressed as nmol/mg of 
protein (20).

Determination of catalase activity 
The activity of catalase was evaluated by its peroxidase 

function. As a result of the reaction of the catalase enzyme with 
methanol, formaldehyde is produced. Chromogen reagent 
and formaldehyde form a heterocyclic ring that changes color 
from colorless to purple during oxidation. A mixture of 200 
µl of reaction buffer, 150 µl of methanol, and 30 µl of H20 was 
gently shaken. It was then mixed with 50 µl of homogenate 
and then incubated in the dark for 20 min. The potassium 
hydroxide solution and chromogen reagent were then added 
and incubated for 10 min. Afterward, 150 µl of potassium 
periodate was added to the samples and centrifuged (10,000 
g, 10 min). At 550 nm, the absorbance is measured, and the 
catalase activity is expressed as U/mg of protein (20).

Evaluation of mRNA expression 
The expression levels of TNF-α, IL-1β, IL-6, NF-κB, 

TLR4, TGF-B, Smad2, Smad3, PI3K, Akt, mTOR, Col-1, 
and MMP2 in the liver were determined by real-time PCR. 
A Parstous RNA isolation kit (Iran) was used to isolate 
total RNA from frozen tissues. Based on the A260/A280 

ratio and spectrophotometric measurements at 260 nm, 
RNA concentration, and quality were determined. A total 
of 1µg of RNA from each sample was reverse transcribed 
with the Easy cDNA Synthesis Kit (Parstous, Iran). An ABI 
StepOnePlus thermocycler (Applied Biosystems, USA) 
was used to conduct real-time polymerase chain reactions 
(PCR) using RealQ Plus 2x Master Mix Green High RoxTM 
(Ampliqon, Denmark). Initial activation was carried out at 
95 °C for 15 min, followed by 40 cycles of denaturation at 
95 °C for 20 sec and annealing/extension at 60 °C for 60 
sec. To validate the single PCR product of each primer, 
melting curves were analyzed. Glyceraldehyde‐3‐phosphate 
dehydrogenase (GAPDH) was used as the housekeeping 
gene and the relative expression of genes was calculated 
based on the 2-ΔΔCT comparative expression method (29). 
The sequences of primers are listed in Table 1. 

Histological investigation 
The liver tissue was removed, fixed with 10% formalin, 

and then embedded in paraffin wax. Sections with a thickness 
of 5 µm were prepared and stained with hematoxylin-eosin 
(H&E) and Masson’s trichrome. Histopathological changes 
were studied using a light microscope. To determine the 
percentage of inflamed areas in the liver, ten cross-sections 
of each animal’s liver were examined in sections stained 
with H&E. Ten fields of liver from each animal were also 
investigated in sections stained with Masson’s trichrome to 
define evidence of fibrosis using Image J software (30).

Statistical analyses
We analyzed the data using SPSS version 16.0 software. 

The results were presented as the mean ± standard error 
of the mean (SEM). The differences among groups were 
detected by one-way ANOVA followed by the Tukey 
LSD test for post hoc analysis. Statistical comparison of 
fibrotic areas and inflamed areas between CCl4 and CCl4.
Pinene groups were performed by t-test. It was considered 
statistically significant if the P-value was less than 0.05.

 

Reverse primers sequence (5' 3') Forward primers sequence (5' 3') Gene 

TCCAAGCGAACTTTATTTCTCTCA CACGGGAGCCGTGACTGTA TNF-  

TCCACGGGCAAGACATAGGT TCAGGAAGGCAGTGTCACTCA IL-  

ACAGTGAGGAATGTCCACAAACTG ACTATGAGGTCTACTCGGCAAACC IL-6 

TGGAGTGAGTCAAAGCAGTATTCAA CATGGCAGACGACGATCCTT NF-  

ACAGCAGAAACCCAGATGAA AGCCTTGAATCCAGATGAAAC TLR4 

GTGGTAACGATGGTGCTGTC AGCTTCACCCTTAGCACCAG Col-1 

CTGTATGTGATCTGGTTCTTGTCCC AGACAAAGAGTTGGCAGTGCAAT MMP2 

TGGTTGTAGAGGGCAAGGAC TGCTTCAGCTCCACAGAGAA TGF-B 

TTACAGCCTGGTGGGATTTTG GTGTTTGCCGAGTGCCTAAGT Smad2 

AGGAGATGGAGCACCAAAAGG GGACGCAGGCTCTCCAAAC Smad3 

AAGCCCTAACGCAGACAT GACAGGCACAACGACAAC PI3K 

CACAGCCCGAAGTCCGTTA GCTCTTCTTCCACCTGTCTCG Akt 

CAGGGACTCAGAACACAAATGC CTGATGTCATTTATTGGCACAAA mTOR 

CCCAGCATCAAAGGTGGAA GCTACACTGAGGACCAGGTTGTCT GAPDH 

 

 

 

 

 

 

 

 

  

Table 1. The primer sequences for the relevant genes were utilized in the real-time PCR
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Results
 The effect of alpha-pinene on the level of liver enzymes 

The injection of CCl4 resulted in a significant increase in 
the levels of AST, ALT, ALP, and GGT when compared to 
the Control group (P=0.0001), However, in the CCl4.Pinene 
group compared to the CCl4 group, there was a significant 
decrease in the levels of these enzymes (P=0.0001, P=0.0001, 
P=0.004, and P=0.0001, respectively). The activity of liver 
enzymes in the Pinene-group animals was not significantly 
different from the Control group (Table 2).

Effect of alpha-pinene on oxidative/nitrosative stress
CCl4 increased MDA (P=0.038) and NO (P=0.006) 

levels in liver tissue in comparison to the Control group. 
However, alpha-pinene decreased both factors in the CCl4.
Pinene group when compared to the CCl4 group (P=0.023). 
Additionally, CCl4 significantly reduced catalase activity 
GSH content in rats’ livers (P=0.0001). In the CCl4.Pinene 
group, daily treatment with alpha-pinene significantly 
increased catalase activity (P=0.030) and GSH levels 
(P=0.004). It is worth mentioning that there were no 
significant differences between the Pinene and Control groups 
in any of the factors studied here, as shown in Figure 2.

Effect of alpha-pinene on the expression of proinflammatory 
factors

Compared to the Control group, animals exposed to CCl4 
showed significant increases in mRNA levels of TNF-α, IL-
1β, and IL-6 (P=0.034, P=0.020, and P=0.001, respectively). 
However, injection of alpha-pinene significantly decreased 
the expression of TNF-α (P=0.005), IL-1β (P=0.003), and 
IL-6 (P=0.024) in animals receiving CCl4. The animals in 
the Pinene group did not show significantly different levels 
of proinflammatory factors in their livers when compared to 
the Control group (Figure 3).

Effect of alpha-pinene on the expression of MMP-2 and 
Col-1 in the liver

We found that rats receiving CCl4 had a significant 
increase in the expression of MMP-2 and Col-1 in their 
liver compared to the Control group (P=0.036 and P=0.001, 
respectively). However, treatment with alpha-pinene led 
to a reduction in the expression of these genes in the CCl4.
Pinene group compared to the CCl4 group (P=0.0001 and 
P=0.049, respectively). The expression of MMP-2 and Col-
1 was not significantly different between the Pinene and 
Control groups, as shown in Figure 4.

Effect of alpha-pinene on histological alterations in the 
liver

Histological examination of liver tissue was conducted 
after H&E and Masson’s trichrome stainings. Both the 

GGT (U/ml) ALP (U/ml) ALT (U/ml) AST (U/ml)   
Group  

1.72 ± 0.04 76.49 ± 1.87  55.34 ± 2.32  93.25 ± 1.11 
  

 Control 

2.11 ± 0.19 77.00 ± 4.91 45.95 ± 0.55 87.40 ± 3.58 
  

Pinene 

3.51 ± 0.22  
*** 

255.14 ± 10.22 *** 84.01 ± 0.67  
*** 

423.83 ± 4.26 *** CCl4 

2.11 ± 0.25 ### 221.23 ± 2.43 ##  56.36 ± 9.24 ### 249.11 ± 3.39 ### CCl4.Pinene 

 

Table 2. Effect of alpha-pinene on plasma levels of aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP), and 
gamma-glutamyl transferase (GGT) in CCl4-injected rats

Figure 2. Effect of alpha-pinene on hepatic levels of (A) malondialdehyde 
(MDA), (B) nitric oxide (NO), (C) reduced glutathione (GSH), and (D) 
activity of catalase enzyme in CCl4-injected rats
Results are presented as means ± SEM. Each group contained six rats, and each sample 
was measured three times. *P<0.05, **P<0.01, and ***P<0.001 vs Control group and 
#P<0.05 and ##P<0.01 vs CCl4 group.
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control and Pinene groups exhibited a normal hepatic 
architecture. However, a six-week intraperitoneal 
administration of CCl4 resulted in extensive changes in 
liver tissue, such as the formation of Mallory-Denk bodies, 
inflammatory cell infiltration, ballooning degeneration, 

and steatosis. The liver’s blue coloration due to collagen 
deposition was detected by Masson’s trichrome staining. 
In animals that received CCl4, alpha-pinene prevented liver 
tissue destruction (Figure 5A). In addition, the CCl4.Pinene 
group showed a significant reduction in the percentages 
of inflamed and fibrotic areas compared to the CCl4 group 
(P=0.002 and P=0.004, respectively) (Figure 5B, C).

Effect of alpha-pinene on TLR4/NF-κB, PI3K/Akt/mTOR, 
and TGF-β/Smad2/3 signaling pathways

Exposure to CCl4 caused an increase in the expression 
of TLR4 and NF-κB in the liver of rats, with statistical 
significance (P=0.028 and P=0.011, respectively). However, 

Figure 3. Effect of alpha-pinene on (A) TNF-α, (B) IL-1β, and (C) IL-6 
mRNA expression in the liver of CCl4-injected rats
Data are presented as mean ± SEM; n = 5. *P<0.05, **P<0.01 vs Control group and 
#P<0.05, ##P<0.01 vs CCl4 group.

Figure 4. Effect of alpha-pinene on (A) MMP2 and (B) collagen-1 mRNA 
expression in the liver of CCl4-injected rats
Data are presented as mean ± SEM; n = 5. *P<0.05, **P<0.01 vs Control group and 
#P<0.05, ###P<0.001 vs CCl4 group.

Figure 5. Effect of alpha-pinene on histopathological changes in the liver of CCl4-injected rats
(A) Photomicrographs were prepared from liver sections stained with hematoxylin and eosin (H&E) and Masson's trichrome (MT). The infiltration of inflammatory cells (yellow 
arrow), ballooning degeneration (green arrow), and Mallory-Denk bodies (black arrow) are frequently observed in the liver sections of the CCl4 group stained with H&E. The 
effect of alpha-pinene on the percentage of (B) inflamed areas and (C) fibrotic areas in rats receiving CCl4. Five animals from each group and ten fields from each animal were 
examined microscopically. Data are presented as mean ± SEM. ##P<0.01 vs CCl4 group.
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the expression of these genes was significantly lower in the 
CCl4.Pinene group compared to the CCl4 group (P=0.004 
and P=0.013, respectively). The Pinene group did not 
display any significant difference in the expression of these 
genes compared to the Control group (Figure 6).

The mRNA expression of TGF-β (P=0.002) and Smad3 
(P=0.003) in the liver of rats was significantly increased due 
to CCl4 exposure compared to the Control group. However, 
there was no significant effect on the expression of Smad2. 
Treatment with alpha-pinene prevented the increase in the 
expression of TGF-β and Smad3 in the CCl4-exposed group. 
As a result, the expression of these factors was significantly 
lower in the CCl4.Pinene group compared to the CCl4 
group (P=0.003 and P=0.008, respectively). The expression 

of these genes in the alpha-pinene-treated group was not 
significantly different from the Control group (Figure 7).

The study found that the expression of PI3K (P=0.041), 
Akt (P=0.008), and mTOR (P=0.028) was significantly higher 
in the CCl4 group than in the Control group. However, 
treatment with alpha-pinene caused a significant decrease 
in the expression of these factors in the CCl4.Pinene group 
compared to the CCl4 group (P=0.024, P=0.010, and P=0.008, 

Figure 6. Effect of alpha-pinene on (A) TLR4 and (B) NF-κB mRNA 
expression in the liver of CCl4-injected rats
Data are presented as mean ± SEM; n = 5. *P<0.05 vs Control group and #P<0.05, 
##P<0.01 vs CCl4 group.

Figure 7. Effect of alpha-pinene on (A) TGF-β, (B) Smad2, and (C) Smad3 
mRNA expression in the liver of CCl4-injected rats
Data are presented as mean ± SEM; n = 5. **P<0.01 vs Control group and ##P<0.01 vs 
CCl4 group.

Figure 8. Effect of alpha-pinene on (A) PI3K, (B) Akt, and (C) mTOR 
mRNA expression in the liver of CCl4-injected rats
Data are presented as mean ± SEM; n = 5. *P<0.05, **P<0.01 vs Control group and 
#P<0.05, ##P<0.01 vs CCl4 group.
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respectively). The Pinene group did not show any significant 
difference from the Control group (Figure 8).

Discussion
Injection of CCl4 into rats’ peritoneum increased the 

liver enzyme levels in their serum. It also caused changes 
in biochemical markers associated with oxidative and 
nitrosative stress, such as an increase in MDA and NO 
levels, a decline in GSH levels, and a decrease in catalase 
activity. Additionally, CCl4 increased the expression of 
proinflammatory factors TNF-α, IL-1β, and IL-6. Moreover, 
it caused molecular alterations such as increased expression 
of MMP2 and Col-1 and histological changes related to 
fibrosis in the liver. Therefore, CCl4 injection is a suitable 
method for generating a fibrosis model in rats’ liver, as 
shown in previous studies (14, 15, 30).

To investigate the potential of alpha-pinene in inhibiting 
CCl4-induced fibrosis, we administered this monoterpene 
intraperitoneally at a dosage of 50 mg/kg for six weeks, 
which corresponds to the duration of CCl4 treatment. 
Notably, alpha-pinene can accumulate significantly in the 
liver (31), which supports our hypothesis regarding its 
potential effectiveness.

After injecting alpha-pinene, liver enzyme levels 
decreased in animals exposed to CCl4. In diabetic rats, Santos 
et al. (21) revealed that AST and ALT levels decreased after 
five consecutive days of alpha-pinene treatment. Previous 
studies have consistently shown that liver damage caused by 
CCl4 leads to increased liver enzyme levels due to damage to 
the cell membranes (15, 32, 33), which can result in enzyme 
and lipid leaks into the bloodstream. It can cause oxidative 
and nitrosative stress, as well as inflammatory changes, 
and is a significant symptom of liver disease (1). Therefore, 
the results of this study suggest that alpha-pinene can help 
maintain the integrity of liver cell membranes against CCl4.

Here, we found that animals in group CCl4.Pinene had 
decreased levels of MDA and NO but higher levels of GSH 
and catalase in the liver compared to those treated with CCl4. 
Studies show that alpha-pinene has anti-oxidant properties 
that are effective both in vitro and in vivo (19, 34). The 
activation of hepatic stellate cells initiates the process of liver 
fibrosis. Oxidative stress is caused by damaged hepatocytes 
and activated Kupffer cells, leading to the activation of 
hepatic stellate cells (2, 35). Oxidative/nitrosative stress 
induces inflammation and profibrogenic mediators in the 
liver. For example, inhibiting the production of TGF-β by 
inhibiting inducible nitric oxide synthase (iNOS) prevents 
the progression of liver fibrosis. Pharmacological inhibition 
of iNOS prevents the progression of liver fibrosis (36, 37), 
whereas alpha-pinene inhibits the expression of iNOS and 
reduces NO production (38). Our study also shows that 
alpha-pinene prevents glutathione depletion in liver fibrosis 
model animals. The reduction of glutathione increases the 
activity of iNOS in hepatocytes (39). Therefore, the ability of 
alpha-pinene to inhibit oxidative and nitrosative stresses is 
the primary factor behind its effectiveness in reducing liver 
fibrosis.

We observed a significant decrease in the expression 
of proinflammatory cytokines in the CCl4.Pinene group 
compared to the CCl4 group. It is important to note that 
when the Kupffer cell releases inflammatory mediators, 
its activity increases, damages hepatocytes, and stimulates 
hepatic stellate cells. It ultimately leads to the accumulation 
and deposition of fibrogenic factors (40). The activation of 

signal transducer and transcription factor 3 (STAT3) by 
IL-6 also correlates with liver fibrosis and hepatic stellate 
cell activation (41). Recent studies have shown that Pinus 
mugo essential oil, which contains significant levels of alpha-
pinene, inhibits STAT3 phosphorylation and activation 
(42). Since alpha-pinene reduced the expression of IL-6 
in the livers of rats injected with CCl4, its anti-fibrogenic 
effects may be partially mediated by suppressing this 
signaling pathway. Therefore, we suggest investigating the 
STAT3 phosphorylation in the liver of CCl4.Pinene animals. 
Furthermore, the down-regulation of IL-1β expression 
in the liver of CCl4-injected rats may contribute to alpha-
pinene’s anti-fibrotic effects, as IL-1β and its receptor 
stimulate fibrogenesis in a CCl4-induced model (43). 

The results revealed that alpha-pinene can prevent the 
increase in NF-B expression in the liver of rats injected with 
CCl4. It is worth noting that proinflammatory factors such 
as TNF-α, IL-6, and IL-1β are downstream of NF-κB, and 
activation of this transcription factor leads to increased 
expression of proinflammatory cytokines (44). A previous 
study by Kang et al. (45) showed that alpha-pinene represses 
TNF-α signaling by down-regulating NF-κB in MDA-
MB-231 human breast cancer cells and acts as an inhibitor 
of tumor invasion, which is consistent with the findings 
of our study. It is important to note that TLR4/NF-κB 
signaling strengthens the fibrogenic pathway of TGF-β (46), 
and its suppression is considered a therapeutic target in 
liver fibrosis (13, 25, 47). Our study found that alpha-pinene 
reduced the mRNA expression of TLR4 and NF-κB in rats 
receiving CCl4. However, we suggest further investigation of 
the expression of the proteins of this pathway.

Also, we found that alpha-pinene reduced MMP2 
expression in the liver of rats injected with CCl4, which 
is similar to the findings of Karthikeyan et al. (48). They 
observed that alpha-pinene inhibited MMP2 expression 
in the skin of UVA-irradiated mice. TGF-β triggers the 
activation of hepatic stellate cells and increases the expression 
of MMP2, which in turn induces matrix contraction. This 
process leads to an imbalance between matrix production 
and destruction, resulting in fibrosis (2, 49). Therefore, the 
ability of alpha-pinene to reduce MMP2 expression depends 
on its ability to inhibit the increase in TGF-β.

In the current study, CCl4 increased the expression of 
TGF-β and Smad3 mRNA in the liver. However, it has no 
significant effect on Smad2 expression. Smads are intracellular 
effectors of TGF-β. When Smad2 is overexpressed, it reduces 
collagen deposition in the liver. Conversely, overexpression 
of Smad3 leads to increased expression of collagen type 1 and 
proinflammatory cytokines and activation of hepatic stellate 
cells. Therefore, Smad3 plays a crucial role in liver fibrosis in 
response to TGF-β. As a result, TGF-β/Smad2/3 signaling 
has been considered a therapeutic target for fibrosis (50, 
51). Our observations show that alpha-pinene reduced the 
expression of both TGF-β and Smad3 in animals receiving 
CCl4. This reduction was associated with decreased Col-1 
mRNA expression and reduced collagen deposition in the 
liver of CCl4.Pinene animals. Ko et al. (52) also found that 
pycnogenol (pine bark extract) reduces the expression of 
TGF-β and decreases the phosphorylation of Smad3. Since 
a large amount of alpha-pinene can be found in pycnogenol 
(53), suppressing the TGF-β/Smad3 signaling pathway may 
have contributed to the anti-fibrotic effect of alpha-pinene. 
Therefore, it is necessary to investigate the activity of Smad3 
in the CCl4.Pinene group.
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CCl4-induced oxidative stress and inflammation in mild liver 
fibrosis. Biomed Pharmacother 2022; 148: 112738. 
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products in liver fibrosis management: A five-year review. Curr 
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Phytochemistry 2021; 190: 112857. 
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In the hepatic stellate cells, activating the PI3K/Akt/mTOR 
signaling pathway links to liver damage, such as fibrosis and 
cancer (54). This pathway is non-Smad and activated by 
TGF-β (55). Since a high expression of mTOR worsens CCl4-
induced fibrosis, mTOR is considered one of TGF-β’s partners 
in inducing liver fibrosis (56, 57). Additionally, inhibiting the 
PI3K/Akt/mTOR signaling pathway helps prevent collagen 
type 1 protein production and TGF-β transcription and 
translation (58). By studying mRNA levels of factors involved 
in this signaling pathway, we observed that alpha-pinene 
prevents fibrosis progression in animals treated with CCl4 by 
inhibiting this defective cycle.

In addition, oxidative and nitrosative stress contribute 
to collagen production in fibrosing liver diseases (59). 
Considering the ability of alpha-pinene to hinder the 
oxidative damage caused by CCl4 in the liver, the reduction 
of collagen production and deposition in the liver (proved 
by Masson’s trichrome staining) was also predictable. 

Moreover, alpha-pinene partially prevented multi-
histopathological alterations in the hepatic tissue of animals 
receiving CCl4. This compound also protects against tissue 
changes in acute pancreatitis, and these outcomes have been 
attributed to its anti-oxidant, anti-inflammatory, and anti-
apoptotic properties (60). The alpha-pinene dosage in this 
study was 50 mg/kg for six weeks at the same time as the 
CCl4 treatment. Higher doses or longer treatment durations 
of this monoterpene may result in complete prevention of 
liver damage.

Conclusion
Overall, we concluded that alpha-pinene has a 

beneficial effect on the liver. It prevents oxidative damage 
and inflammation, which, in turn, helps prevent the 
development and progression of fibrosis caused by CCl4. 
This monoterpene achieves its effect by inhibiting the TLR4/
NF-κB, TGF-β/Smad3, and PI3K/Akt/mTOR signaling 
pathways. Consequently, alpha-pinene may have potential 
therapeutic value in treating liver diseases.
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