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A B S T R A C T   

Introduction: Carbon-tetrachloride (CCl4) is well-known to cause liver damage due to severe 
oxidative stress. Nerol, on the other hand, is a monoterpene that is antioxidant, antiviral, anti-
bacterial, anti-inflammatory, and anxiolytic. This study set out to determine if nerol may be used 
as a prophylactic measure against the oxidative stress mediated hepatic injury caused by CCl4. 
Materials and methods: For the aim of this experiment, 35 male Sprague-Dawley rats ranging in 
body weight (BW) from 140 to 180 g were split into five separate groups. With the exception of 
vehicle control group 1, all experimental rats were subjected to carbon tetrachloride exposure 
through intra-peritoneal injection at a 0.7 mL/kg body weight dose once a week for 4 weeks (28 
days). The treatment groups 3 and 4 received oral administration of nerol at 50 and 100 mg/kg 
BW for 28 days. In the same time period, the standard control group received 100 mg/kg BW 
silymarin. 
Results: Serum hepatic markers, lipid profiles, albumin, globulin, bilirubin, and total protein were 
all substantially improved in nerol-treated rats in a dose-dependent manner that had been 
exposed to CCl4 compared to the only CCl4-treated group. Carbon tetrachloride-exposed rats had 
lower glutathione, superoxide dismutase, and catalase levels and higher thio-barbituric acid 
reactive substances (TBARS) levels than normal rats. In contrast, administration of nerol shown a 
significant augmentation in the concentrations of these antioxidant compounds, while concur-
rently inducing a decline in the levels of TBARS in the hepatic tissue. In a similar vein, the histo- 
pathological examination yielded further evidence indicating that nerol offered protection to the 
hepatocyte against damage generated by CCl4. 
Conclusion: According to the findings of our investigation, nerol has potential as a functional 
element to shield the liver from harm brought on by ROS that are caused by CCL4.   
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1. Introduction 

The liver is an essential body part responsible for regulating metabolic processes, facilitating detoxification, and eliminating 
various foreign substances known as xenobiotics. Certain toxic substances may lead to the disruption of these processes and induce 
hepatic damage via the formation of free radicals [1]. Previous research investigations have shown that liver illnesses are responsible 
for an estimated annual global mortality rate of around 2.0 million individuals. Though a variety of standard hepato-protective 
medicines are accessible, however, some of them have possible negative effects. Since study numbers reveal that the prevalence of 
hepatic damage continues to rise, there is rising focus to phytochemicals to treat liver illnesses that are effective and safe [2]. 

Phytochemicals that possess therapeutic properties are regarded as valuable contributions to human due to their ability to 
effectively treat ailments while exhibiting minimal adverse effects. Phytochemicals refer to plant-derived substances that lack 
nutritional value but possess qualities that may guard against or prevent diseases. It is well acknowledged that many plant species 
synthesize these chemical compounds as a means of self-defense. However, current research findings indicate that these compounds 
has the potential to provide protective effects against illnesses in people as well. Phytochemicals may be classified into two main 
groups: primary metabolites, which include sugars, proteins, and chlorophylls, and secondary metabolites, which consist of alkaloids, 
phenolics, flavonoids, steroids, curcumins, and saponins. These classifications are based on the different functions these compounds 
have in plant metabolism [3]. 

Nerol has the chemical formula C10H18O and is also known as (2Z)-3,7-Dimethylocta-2,6-dien-1-ol. The presence of this particular 
monoterpene has been observed in several therapeutic plants, including Lippia spp and Melissa officinalis. Prior research has shown 
evidence for the existence of antibacterial, anxiolytic, antioxidant, anti-inflammatory, and antiviral effects in these species, which may 
be due to nerol [4]. 

Carbon tetrachloride is a well-recognized toxic compound used in various working models of hepatic injury, making it one of the 
most effective xenobiotic damage induction techniques and a frequently employed method for testing hepatoprotective or liver 
therapeutic drugs. Cytochrome P450 metabolizes carbon tetrachloride to generate trichloromethyl and trichloroperoxymethyl free 
radicals. These radicals then interact with other vital components, including proteins, fatty acids, nucleic acids, lipids, and amino acids 
[5]. Free radicals furthermore produce other reactive oxygen species (ROS) and lipid radicals, which inactivate natural antioxidant 
enzymes and cause oxidative stress-mediated hepatic damage. Hence, the elevation of antioxidant levels and the lowering of ROS are 
crucial factors in preserving the liver, thus increasing the significance of natural antioxidant phytochemicals for our well-being [6]. 
Prior studies have demonstrated that nerol has strong antioxidant properties, which are evident in its capacity to combat free radicals 
and the observed preventative benefits against cardiovascular diseases [7]. Oxidative damage also prompts inflammation along with 
the discharge of pro-inflammatory molecules and immune cells, exacerbating both inflammation and redox imbalance, potentially 
leading to fibrosis and liver dysfunction [8]. A prior study has shown that nerol has anti-nociceptive and anti-inflammatory properties, 
hence contributing to its efficacy in alleviating pathological manifestations in oxazolone-induced ulcerative colitis [9]. 

To the best of our current understanding, there is a lack of scientific investigation into the potential protective benefits of nerol 
against hepatotoxicity generated by carbon tetrachloride. The activation of oxidative stress and inflammatory pathways is closely 
linked to the hepatotoxicity caused by carbon tetrachloride. Conversely, nerol has notable antioxidant and anti-inflammatory capa-
bilities. Therefore, the primary goal of this investigation was to evaluate the protective effects of nerol in a rat model with CCl4-induced 
hepatotoxicity, using silymarin as a reference drug for comparison. 

2. Materials and methods 

2.1. Chemicals 

Phosphate-buffered saline, tri-chloro-acetic acid (TCA), thio-barbituric acid, hydrogen peroxide, acetic acid, ellman’s reagent, 
pyrogallol and sodium-dodecyl-sulfate were obtained from Merck (Germany). Nerol (purity 98 %), Ethylenediaminetetraacetic acid 
(EDTA), carbon tetrachloride, and pyridine were all supplied by Sigma-Aldrich Co., USA. 

2.2. Animals 

A cohort of male Sprague-Dawley rats (140–180 g BW), was procured from Jahangirnagar University. The rats were then accli-
mated to standard experimental settings for a duration of one week. Subsequently, they were provided with a pellet-based food and 
unrestricted access to water. The experimental methodology received approval from the Ethical Committee of Jahangirnagar Uni-
versity [BBEC- JU/M 2018 (1)3]. The rats were housed in regular laboratory settings, with a temperature of 25 ± 2 ◦C, humidity of 55 
%, and a 12-h light/dark cycle. 

2.3. Design of hepatoprotective experiment 

The dosing regimen scheduling was conducted using the carbon tetrachloride model as given by Wong et al. (2011), with minor 
adjustments [10]. Hepatic damage was induced by administering four weekly intra-peritoneal injections of carbon tetrachloride 
dissolved in olive oil (1:1 ratio) at 0.7 mL/kg BW dosage. Thirty-five rats were separated into five groups and each group comprises 
seven rats. Group 1 was designated as the vehicle control group and administered normal saline. Group 2 was administered normal 
saline and subjected to treatment with the aforementioned dose of CCl4. Experimental animals in groups 3 and 4 were administered 
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nerol at 50 and 100 mg/kg BW doses, correspondingly, along with a hepatotoxic dose of CCl4. Additionally, silymarin at a dosage of 
100 mg/kg BW was administered to rats in group 6 in addition to CCl4 treatment. The rats were subjected to a continuous 28-day 
treatment, where they were administered precise oral dosages of nerol and silymarin. Based on a prior study, rats were exposed to 
nerol via two different dose levels [11]. The rats were subjected to euthanasia using a carbon-dioxide chamber, precisely 24 h after the 
last injection of CCl4. Blood samples were collected through cardiac puncture using sterile disposable syringes, while serum was 
obtained through centrifugation process (speed = 3000 rpm, duration = 15 min). After removing any trace of blood and other con-
taminants, the livers from each rat were refrigerated at − 20 ◦C for additional examination. Successively, hepatic tissue samples were 
subjected to homogenization in a phosphate buffer saline solution with a concentration of 25 mM and a pH value of 7.4. This process 
resulted in the formation of a homogenate with an approximate weight-to-volume ratio of 10 %. The supernatant was obtained by 
centrifuging at 4000 rpm and 4 ◦C for 15 min. This supernatant was then utilized to evaluate the levels of hepatic enzymatic and 
non-enzymatic reduced antioxidants, as well as to determine the levels of TBARS. The determination of relative liver weight was 
carried out using the following equation: relative liver weight (%) = wet liver weight/body weight × 100. 

2.4. Assessment of biochemical markers in the serum 

In this study, various biochemical markers pertaining to liver function were assessed. These included the analysis of serum levels of 
alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP), γ-glutamyl-transferase (GGT), lactate 
dehydrogenase (LDH), total bilirubin (TB), total protein (TP), albumin (ALB), globulin (GLB), triglycerides (TG), total cholesterol (TC), 
high-density lipoprotein cholesterol (HDL-C), and low-density lipoprotein cholesterol (LDL-C). The quantification of these parameters 
followed established protocols using Human commercial kits and was performed using the Humalyzer 3500 instrument (Human, 
Wiesbaden, Germany) [2]. 

2.5. Assay for measuring lipid peroxidation 

The evaluation of lipid peroxidation, enumerated by TBARS, was conducted in the experimental arrangement as shown below: at 
first 0.2 mL of liver tissue homogenate was combined with 0.2 mL of 8.1 % sodium dodecyl sulfate, 1.5 mL of 20 % acetic acid, and 1.5 
mL of 8 % thio-barbituric acid. Following the addition of 4 mL of distilled water, the mixture was subjected to boiling in a water bath 
maintained at a temperature of 95 ◦C for a duration of 60 min. After reaching room temperature, a mixture of butanol and pyridine at a 
ratio of 15:1 (5 mL) was added. Following an intense vortex process lasting 2 min, the mixture was subjected to centrifugation at a 
speed of 3000 revolutions per minute for a duration of 10 min. Subsequently, the top organic layer was precisely collected. The 
measurement of lipid peroxidation was represented as the amount of TBARS in Nano-moles per milligram of protein. The absorbance 
was determined at a wavelength of 532 nm using a Shimadzu UV-VIS spectrophotometer (UV PC-1600, Japan), with a blank sample 
serving as a reference [12]. 

2.6. Assessment of reduced GSH levels 

The approach used in this research, as per Islam et al. was adjusted with some modifications [13]. At first, 1 mL of liver homogenate 
was combined with an equivalent amount of 10 % TCA and left to incubate for 5 min. Subsequently, the mixture was subjected to 
centrifugation at a speed of 2000 revolutions per minute for a duration of 10 min at a temperature of 4 ◦C. The resultant liquid was 
mixed with 5 mL of 0.2 M phosphate-buffered saline with a pH of 8. Subsequently, a volume of 2 mL of a 0.6 mM solution of Ellman’s 
reagent was added into the test tube. The solution was homogeneously blended, and the level of light absorption was quantified at a 
wavelength of 412 nm using a Shimadzu UV-VIS spectrophotometer (UV PC-1600, Japan) within a time frame of 15 min later. The 
measurement of reduced glutathione (GSH) was reported as Nano-moles per milligram of protein. 

2.7. Evaluation of superoxide dismutase (SOD) levels 

The quantification of superoxide dismutase (SOD) was assessed using the methodology outlined in the study conducted by Mondal 
et al. (2021) [14]. To demonstrate 2.86 mL of tris-buffer solution with a concentration of 50 mM and a pH of 8.5 was combined with 
0.1 mL of EDTA solution. Afterwards, a 0.02 mL portion of liver homogenate sample was added to the reaction mixture, along with a 
varying amount of pyrogallol ranging from 0.02 mL to 0.08 mL. The mixture’s absorbance was quantified at a wavelength of 420 nm 
relative to a blank using a Shimadzu UV PC-1600 spectrophotometer from Japan. The data obtained was quantified in units relative to 
the amount of protein, namely in milligrams. 

2.8. Evaluation of catalase (CAT) levels 

According to the research done by Mondal et al. (2021) [14], hydrogen peroxide was used as a substrate to measure the enzyme 
activity of CAT. The experiment started by adding 1 mL of hydrogen peroxide (with a concentration of 30 M) to a combination 
consisting of 0.1 mL of homogenized sample and 1.9 mL of phosphate-buffered saline (with a pH of 7.0) inside a 3 mL cuvette, in 
accordance with the specified procedure. A Shimadzu UV PC-1600 UV-VIS spectrophotometer, made in Japan, was used to measure the 
absorbance at a wavelength of 240 nm. The results of the CAT test were expressed in units per milligram of protein. 
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2.9. Histo-pathological assessment 

The liver tissues were immersed in a 10 % neutral buffered formalin solution to facilitate their preparation for further histological 
examinations. Tissue sections of 6 μm in thickness were acquired from paraffin wax-embedded biopsies using a rotary microtome (HM 
325, Thermo Scientific, U.K.) [15]. Afterwards, the tissue slices received staining with hematoxylin and eosin, and pictures were 
captured using an Olympus DP 72 microscope (Tokyo, Japan) at a magnification of 40× [16]. 

2.10. Statistical analysis 

The findings are shown as the average ± standard error of the average (SEM) based on a sample size of 7. The data analysis in this 
research used SPSS (Statistical Packages for Social Science, version 20.0, IBM Corporation, New York, United States of America) and 
Microsoft Excel 2013 (Redmond, Washington, U.S.A.). The data was subjected to one-way analysis of variance (ANOVA), and sta-
tistical analysis was performed using Dunnett’s and Tukey’s multiple comparisons to assess the datasets. Statistical significance was 
evaluated at the significance levels of 0.1 % and 5 %, indicated by p < 0.001 and p < 0.05, respectively. 

3. Results 

3.1. Impacts of nerol on body weight and relative organ weigh 

Carbon tetrachloride, either alone or in combination with nerol and silymarin, has distinct effects on both body weight increase and 
relative liver weight, as seen in Fig. 1. In comparison to the rats in group 1, the rats in group 2 that were treated with carbon tetra-
chloride saw a notable decrease in body weight growth and a considerable increase in comparative hepatic mass. Compared to the rats 
in group 2, the rats in groups 3 and 4 that were administered with nerol exhibited a statistically insignificant rise in changes in body 
weight growth and a statistically significant drop in comparative hepatic mass in a way that depended on the dosage. The hepatic 
masses of rats in Group 5, who received silymarin treatment, showed a substantial decrease compared to Group 2. 

3.2. Impacts on biochemical parameters 

The consequences of CCl4, nerol, and silymarin on serum hepatic diagnostic biomarkers are shown in Table 1. Group 2 rats 
exhibited elevated levels of serum hepatic enzymes, including ALT, AST, ALP, GGT, and LDH, as a result of the CCl4 therapy, as 
compared to group 1. In contrast, administration of nerol (in groups 3 and 4) substantially reduced the levels of these serum markers in 
a way that depended on the dosage. This effect was also seen in group 5, which received the standard silymarin therapy. 

TB, TP, ALB, and GLB are crucial indicators used in the assessment of liver function, alongside blood hepatic enzymes. The 
administration of CCl4 resulted in a noteworthy upsurge in blood TB and GLB levels than rats in group 1. However, the levels of these 
markers were progressively reduced with the administration of nerol. In contrast, group 2 that treated with CCl4 had considerably 
lower levels of TP and ALB. Following treatment with nerol and silymarin, the biochemical markers in group 1 were seen to be restored 
to values that were close to those of the control group, as shown in Table 2. 

Group 2 rats treated with CCl4 showed a significant increase (p < 0.001) in blood levels of TC, TG, and LDL, while HDL levels 
decreased compared to group 1 rats. Conversely, standard silymarin (group 5) significantly reversed (p < 0.01) the changes, restoring 

Fig. 1. Carbon tetrachloride, nerol, and silymarin affect body and liver weights The data shown are the mean ± SEM from a sample size of n = 7. 
Denoted significance levels: “x" and “y" (p < 0.05 and p < 0.01, respectively) to Group 2, and “a" and “b" (p < 0.05 and p < 0.01, respectively) to 
Group 1. 
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them to normal levels. Table 3 shows that nerol treatment (groups 3 and 4) significantly ameliorated CCl4-induced alterations in rats in 
a dose-dependent manner. 

3.3. Impacts on TBARS and GSH, SOD and CAT levels 

Table 4 shows TBARS levels in rats’ liver tissue after lipid peroxidation induction through CCl4. Rats intoxicated with carbon 
tetrachloride (group 2) exhibited considerably higher TBARS levels (p < 0.01) than the control group. In contrast, rats treated with 
silymarin showed significantly amended (p < 0.01) in their TBARS measurements. Similarly, co-administration of nerol with CCl4 
decreased TBARS levels, showing that nerol protected hepatocytes against CCl4-induced lipid peroxidation. 

GSH, SOD, and catalase were used to assess hepatic antioxidant activity. Experimental animals with CCl4 had lower endogenous 
antioxidant levels than group 1. However, silymarin dramatically improved these levels in group 5. Table 4 shows that groups 3 and 4’s 
levels rose significantly after receiving nerol, depending on the dose. 

3.4. Impacts on histo-pathological findings 

The typical cellular structure of sinusoids, sinusoidal gaps, and central vein may be seen in the control (group 1) hepatic tissues 
(Fig. 2 (a)). The presence of carbon tetrachloride poisoning resulted in hepatocyte degeneration, characterized by central and lobular 
necrosis, inflammatory cell infiltrations, and vascular edematous congestion (Fig. 2 (b)). Treatment with Nerol at a dosage of 100 mg/ 
kg body weight caused a moderate level of inflammation and tissue death (Fig. 2 (d)). On the other hand, therapy with Nerol at a 
dosage of 50 mg/kg resulted in a significant level of inflammation, congested blood vessels, and infiltration of inflammatory cells 
(Fig. 2(c)). In the control group, the therapeutic medications silymarin had a considerable reduction in these pathological anomalies, 
as shown in Fig. 2 (e). 

Table 1 
Impacts of CCl4, nerol and silymarin on serum hepatic bio-markers.  

Parameter Groups 

Group 1 Group 2 Group 3 Group 4 Group 5 

ALT (U/L) 79.13 ± 5.07 148.38 ± 6.47 b 109.29 ± 4.45a,x 92.38 ± 6.56 y 86.57 ± 6.48 y 

AST (U/L) 118.17 ± 4.03 198.07 ± 6.52 b 142.75 ± 4.31a,x 126.74 ± 5.37 y 122.25 ± 5.53 y 

ALP (U/L) 191.45 ± 7.42 320.25 ± 6.64 b 261.66 ± 8.46 b,y 234.82 ± 6.74a,y 193.52 ± 5.46 y 

GGT (U/L) 8.29 ± 0.16 11.17 ± 0.10 b 8.67 ± 0.09 b,x 8.02 ± 0.08a,y 8.76 ± 0.09 y 

LDH (U/L) 66.19 ± 3.35 103.39 ± 4.74 b 78.89 ± 3.73x 72.48 ± 2.66 y 65.69 ± 3.63 y 

The data shown are the mean ± SEM from a sample size of n = 7. Denoted significance levels: “x" and “y" (p < 0.05 and p < 0.01, respectively) to Group 2, and “a" 
and “b" (p < 0.05 and p < 0.01, respectively) to Group 1.  

Table 2 
Impacts of CCl4, nerol and silymarin on TB, TP, ALB, and GLB.  

Parameter Groups 

Group 1 Group 2 Group 3 Group 4 Group 5 

TB (mg/dL) 0.175 ± 0.007 0.238 ± 0.009 b 0.193 ± 0.008x 0.167 ± 0.007 y 0.174 ± 0.006 y 

TP (g/dL) 8.23 ± 0.37 5.13 ± 0.16 b 6.61 ± 0.14 b 7.56 ± 0.30 y 7.97 ± 0.20 y 

ALB (U/L) 4.92 ± 0.06 3.61 ± 0.11 b 4.01 ± 0.13 b 4.45 ± 0.08a,x, 4.79 ± 0.11 y 

GLB (g/dL) 5.84 ± 0.14 7.87 ± 0.12 b 6.81 ± 0.07 b 6.33 ± 0.08a,x 6.11 ± 0.07 y 

The data shown are the mean ± SEM from a sample size of n = 7. Denoted significance levels: “x" and “y" (p < 0.05 and p < 0.01, respectively) to Group 2, and “a" 
and “b" (p < 0.05 and p < 0.01, respectively) to Group 1.  

Table 3 
Impacts of CCl4, nerol and silymarin on serum lipid profiles.  

Parameter Groups 

Group 1 Group 2 Group 3 Group 4 Group 5 

TC (mg/dL) 174.18 ± 4.35 209.85 ± 4.72 b 199.58 ± 4.46a 185.62 ± 3.83x 178.68 ± 5.69 y 

TG (mg/dL) 290.18 ± 13.11 495.35 ± 20.97 b 358.70 ± 11.96a,y 312.98 ± 8.09 y 303.59 ± 10.96 y 

LDL-C (mg/dL) 43.48 ± 4.01 98.98 ± 7.12 b 59.34 ± 4.77 y 54.55 ± 2.85 y 50.17 ± 5.20 y 

HDL-C (mg/dL) 36.13 ± 2.45 20.75 ± 2.06 b 30.00 ± 1.47 34.25 ± 1.65x 38.75 ± 2.06 y 

The data shown are the mean ± SEM from a sample size of n = 7. Denoted significance levels: “x" and “y" (p < 0.05 and p < 0.01, respectively) to Group 2, and “a" 
and “b" (p < 0.05 and p < 0.01, respectively) to Group 1.  
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Table 4 
Impacts of CCl4, and silymarin on TBARS and GSH, SOD and CAT levels.  

Parameter Groups 

Group 1 Group 2 Group 3 Group 4 Group 5 

TBARS (nmol/mg of protein) 8.15 ± 0.80 15.13 ± 0.90 b 10.95 ± 0.31a,y 8.98 ± 0.17 y 8.78 ± 0.13 y 

GSH (nmol/mg of protein) 3.12 ± 0.48 8.23 ± 0.83 b 6.45 ± 0.43x 5.01 ± 0.15 y 4.28 ± 0.15 y 

SOD (U/mg of protein) 16.56 ± 0.20 10.87 ± 0.37 b 13.67 ± 0.25a,y 15.75 ± 0.21 y 15.83 ± 0.28 y 

CAT (U/mg of protein) 38.57 ± 2.35 21.53 ± 2.71 b 28.98 ± 2.09a,x 34.67 ± 1.79 y 35.62 ± 1.72 y 

The data shown are the mean ± SEM from a sample size of n = 7. Denoted significance levels: “x" and “y" (p < 0.05 and p < 0.01, respectively) to Group 2, and “a" 
and “b" (p < 0.05 and p < 0.01, respectively) to Group 1.  

Fig. 2. Effects of Carbon tetrachloride, Nerol and Silymarin on the histological examination of liver tissue against CCl4-induced histological changes 
in investigated animals. (a): Group 1-Normal Control, (b): Group 2-CCl4 Control, (c): Group 3-Treatment Group treated by Nerol at 50 mg/kg, (d): 
Group 4-Treatment Group treated by Nerol at 100 mg/kg, (e): Group 5-Standard Group treated by silymarin at 100 mg/kg [Magnification: 40×; 
scale bar: 20 μm]. (The red and black arrows denote necrosis in the peripheral area of the central vein and the lobule, respectively, while the blue 
arrow denotes congestion in the central vein along with extensive inflammatory infiltrates, and the yellow arrow denotes edema in 
various locations). 
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4. Discussion 

The liver parenchyma is often harmed and hepatocellular injury occurs as a consequence of the generation of free radicals during 
the metabolism and removal of xenobiotic substances. Several substances that are toxic to the liver, including paracetamol, di-methyl 
nitrosamine, Dgalactosamine/lipopolysaccharide, carbon tetrachloride, as well as alcoholism and viral infections, have been associ-
ated with this kind of damage [17]. Due to the limited availability of pharmaceutical options for liver problems, it is crucial to choose 
suitable hepatoprotective medications derived from natural sources. Hence, it is important to discover a secure and effective alter-
native for managing liver treatment [18]. Propolis, chamomile, silymarin, naringin, and several other phytochemicals obtained from 
fruits, plants, yeasts, and algae have undergone testing in models of liver damage [19]. In earlier research, nerol has shown significant 
hepatoprotective effects against paracetamol-induced liver damage in rats [15]. 

We choose the CCl4-induced hepatic injury model due to its ability to produce hepatic changes that closely resemble cirrhosis/ 
hepatitis, including the invasion of mononuclear cells and the steatotic foamy degeneration of hepatocytes [20]. CCl4 is a highly toxic 
substance that may easily penetrate cell membranes and rapidly distribute throughout tissues due to its solubility in lipids. Previous 
research [21] has shown that the carbon-chlorine link (C–Cl bond) of carbon tetrachloride may be broken, resulting in the formation of 
the trichloromethyl free radical. This free radical is believed to have a role in the development of liver damage. The cytochrome P450 
oxygenase enzyme transforms these unbound radicals into tri-chloro-methyl-peroxy radicals, resulting in oxidative stress. This causes 
oxidative degradation of lipids by attaching to polyunsaturated cytoplasmic membrane fatty acids, which damages cell components 
and finally causes liver failure [22]. 

The present study used changes in BW gain and relative liver weights of experimental animals as strong indicators of CCl4-induced 
toxicity. Rats exposed to CCl4 for 4 weeks lost a lot of body weight, which may have been caused by CCl4’s direct cytotoxic effects. Our 
findings are supported by previous research showing that mice whose weight was substantially lowered with CCl4 [23]. CCl4-induced 
liver damage can also lead to several metabolic changes, including decreased food intake, increased lipid peroxidation, and decreased 
protein synthesis [24]. These changes may lead to weight loss in rats. Our analysis revealed that the administration of CCl4 led to a 
significant augmentation in liver mass. This conclusion aligns with a prior research that documented similar results [25]. There are 
many pathways by which CCl4 might elevate relative liver weight. After 2–4 weeks of CCl4 therapy, fibrosis may emerge, which forms 
scar tissue in the liver, as discovered by Scholten et al. (2015) [26]. It has also been demonstrated that CCl4 presence stimulates the 
release of inflammatory mediators. The presence of inflammatory cytokines has been shown to induce hepatocyte swelling and 
contribute to the development of edema, as evidenced by our histological findings. Nevertheless, the administration of nerol to animals 
treated with CCl4 resulted in the improvement of both body and relative liver weights. This beneficial effect may be related to the 
antioxidant capabilities of nerol, which effectively mitigate the oxidative-stress initiated by CCl4. 

Excessive ROS impair the functionality of many endogenous antioxidant enzymes, such as SOD, catalase, and glutathione 
peroxidase. Therefore, these enzymes may experience a decline in their capacity to safeguard cellular integrity [27]. As a result, ALT, 
AST, and ALP become more able to pass through the membranes of hepatocellular cells, and this increases the likelihood that they will 
enter the bloodstream [28]. It is widely known that serum hepatic enzyme activity are indicators of the degree of hepatotoxicity. 
Estimating liver cell structural integrity through measuring blood levels of these enzymes [29]. Carbon tetrachloride was shown to 
raise blood levels of AST, ALT, and ALP because it injured hepatocytes by disrupting mitochondrial structure and increasing membrane 
fluidity. Previous investigations have found that following carbon tetrachloride therapy, these enzymes activity are dramatically 
increased [30]. Experimental animals given nerol exhibited a strong protective effect against carbon tetrachloride-induced hepato-
toxicity, as demonstrated by lower blood ALT, ALP, and AST levels, which agrees with findings from Islam et al. (2021). The 
oxido-reductase enzyme LDH converts pyruvate and lactate in the liver and other physiological tissues. Serum LDH, similar to other 
hepatic enzymes, exhibits an elevation in cases of hepatic failure, making it a valuable biomarker for assessing the extent of hepa-
totoxicity [31]. GGT, a microsomal enzyme, is one of the strongest biomarkers of hepatic disease [32]. In our investigation, admin-
istration of carbon tetrachloride resulted in decreased levels of gamma-glutaryl-transferase and lactate-dehydrogenase, which were 
restored by nerol administration in a dose-dependent approach. 

In most cases, hemoglobin is broken down into bilirubin and excreted in the bile. After serious liver damage, less bilirubin is 
secreted, producing in hyper-bilirubinemia that suggests hepatic destruction (necrosis) [33]. The impaired capacity of the damaged 
hepatic tissue to attach, conjugate, and eliminate bilirubin may explain the observed elevation in total blood bilirubin levels after CCl4 
treatment. In contrast to the CCl4-treated group, nerol treatment inhibited serum bilirubin levels from rising. These results suggest an 
enhancement in liver secretion after treatment with the nerol treatment. The liver, on the other hand, is recognized to take an active 
part in serum protein production. Consequently, a decrease in TP occurs due to defective protein synthesis [34]. Total protein content 
was observed to be lower in CCl4-treated rats, suggesting the severity of hepatic-toxicity. Nevertheless, the groups treated with nerol 
demonstrated an improvement in the functional condition of hepatic cells, as seen by the increased amounts of serum protein. ALB and 
GLB levels in the blood may be used as diagnostic markers for diseases of the liver. Serum albumin levels were shown to be lower after 
CCl4 injection, but globulin levels were often found to be higher [35]. 

Lipids are metabolized by the liver. A considerable increase in TG, TC, and LDL quantities, and a substantial reduction in HDL levels 
were all seen after CCl4 delivery. Protein synthesis may be reduced, and phospholipid metabolism may be disrupted, resulting in 
aberrant lipoprotein levels [5]. Synthesis of protein may be reduced, and phospholipid metabolism may be disrupted, resulting in 
aberrant lipoprotein levels. Higher blood cholesterol may result from elevated lipid esterification, suppressed lipid acid-oxidation, and 
delayed lipid clearance [36]. CCl4 increases acetate transport into hepatocytes, thereby promoting cholesterol production. It promotes 
fatty acid and triglyceride synthesis from acetate and improves lipid esterification. Suppressing lysosomal lipase function and VLDL 
release may lead to hepatic triglyceride accumulation. Studies indicate that lipids from peripheral fat tissue move to the organs of the 

M. Mondal et al.                                                                                                                                                                                                       



Heliyon 9 (2023) e23065

8

liver and kidney during CCl4 intoxication, causing accumulation [5]. Administration of nerol at dosages of fifty and one hundred 
mg/kg resulted in a decrease in TC, TG, and LDL levels, whilst simultaneously boosting HDL concentrations. Nerol is thought to be able 
to decrease the oxidation of LDL and cell membranes by inhibiting the harmful effects of ROS. 

Peroxidation of polyunsaturated-fatty-acids (PUFAs) in liver cell membranes may be caused by the interaction of free radicals 
generated by carbon tetrachloride. As a result of this process, the generation of TBARS, a main reactive aldehyde formed by the 
peroxidation of PUFAs, rises [33]. The level of TBARS in the CCl4-treated rat liver was substantially greater than in the healthy control 
group, indicating oxidative stress mediated by CCl4. In the CCl4-treated rat liver homogenates, nerol administration reduced TBARS 
generation. To clarify, nerol decreased the process of lipid peroxidation in rats that were also treated with CCl4, so mitigating the 
occurrence of oxidative stress. This led us to believe that the phytochemicals’ high antioxidant and free radical scavenging capabilities 
were responsible for this impact. 

GSH, which is present in high quantities in biological tissues, is thought to be the most important detoxifying and antioxidant 
molecule generated by cells. To reduce the harmful effects of foreign substances, it gets conjugated with them. As a result, determining 
its level in the liver can offer insight into the amount of cell damage induced by a particular substance [37]. By establishing covalent 
connections with the free radicals generated during CCl4 metabolism, GSH unquestionably protects cells from the harm brought on by 
CCl4 toxicity. These free radicals cause a chain of events to start that result in the oxidation of lipids in cellular membranes. When there 
are not enough antioxidants present, this process eventually results in cell membrane rupture, affecting their fluidity and permeability 
[23]. Treatment of rats with CCl4 had significantly lower levels of liver GSH than control rats, a finding that was corrected by the 
administration of nerol. These findings are consistent with past research [15,38]. 

Enzymes that fight free radicals are vulnerable to severe cell damage. A significant amount of liver damage caused by CCl4 is shown 
by the drop in SOD, and CAT levels. Lipid peroxidation brought on by CCl4-derived free radicals causes damage to the liver after CCl4 
injection. To prevent liver damage caused by CCl4, it is essential to have antioxidant activity and decrease the production of free 
radicals. The body’s excellent defense systems can inhibit and eliminate free radicals [36]. The management of natural antioxidants, 
such as catalase, glutathione peroxidase, and superoxide dismutase, is executed with great proficiency in this activity. These enzymes 
together provide a mutual support system to counteract ROS. Mitochondrial failure disrupts cellular activity and leads to liver damage 
and necrosis. This dysfunction also alters the balance between the formation of ROS by enzymes and the antioxidant defense system in 
liver damage produced by CCl4. Typically, the antioxidant system, including enzymatic and non-enzymatic elements, neutralizes ROS. 
SOD is a distinctive antioxidant that transforms surplus superoxide into hydrogen peroxide, which is subsequently counteracted by 
catalase [39]. In our investigation, we saw a drop in enzyme levels in the CCl4 treatment group. However, we noticed significant 
increases in SOD and CAT activity in animals treated with nerol. Prior research has shown that nerol enhances the levels of SOD and 
CAT in mice exposed to substances that promote oxidative stress, such as acetaminophen [15]. The assessment of histopathology plays 
a vital role in determining the extent of aberrant tissue structure in liver cells [40]. The histopathological data showed a correlation 
with the biochemical improvements seen after nerol treatment. The liver samples exposed alone to CCl4 exhibited hepatocyte 
degeneration and necrosis, infiltration of inflammatory cells, and vascular blockage accompanied by regions of edema. The findings 
are consistent with the characteristics often seen in rat hepatocytes intoxicated with CCl4 [41]. In contrast, the histological section of 
the rats treated with nerol and silymarin exhibited a significant degree of cellular protection, as seen by the reduction in necrosis, 
inflammatory cell infiltrations, and vascular edematous congestion. Hence, the ability of nerol to mitigate hepatic damage caused by 
CCl4 can be deduced from the fact that it rectified abnormalities and enhanced the structural organization of hepatocytes in the treated 
group. This was evidenced by the elevated levels of endogenous antioxidant enzymes and reduced lipid peroxidation levels. 

5. Conclusion 

To summarize, the liver is an essential organ in the body, playing a crucial role in several metabolic processes and the elimination of 
toxins. Nevertheless, the liver is vulnerable to harm inflicted by free radicals that arise from metabolic processes and exposure to 
hepatotoxins, including carbon tetrachloride and paracetamol. The presence of these harmful substances may cause oxidative stress, 
the breakdown of lipids, and damage to liver cells, eventually leading to impaired liver function. The results showed that administering 
nerol resulted in positive changes in body weight, organ weights, and a decrease in TBRAS. This was achieved by increasing the 
activities of hepatic anti-oxidative enzymes such as CAT, GSH, and SOD, leading to a significant decrease in serum ALT, AST, tri-
glyceride, and cholesterol levels. The protective effects of nerol against CCl4-induced liver damage are likely attributed to its anti-
oxidant properties, since it may effectively neutralize free radicals and reduce oxidative stress. 
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