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Abstract
This study was aimed at evaluating the potential effects of a mice exposure to CCl4 single dose on liver tissue and potent preventive
effects of camel milk (CM) orally treated by gavage. Additionally, CCl4 was administered by intra-peretonial injection at day 14.
Administration of CCl4 caused an increase in lipid peroxidation and a decrease in superoxide dismutase, catalase, glutathione
peroxidase activities and GSH levels in liver. Moreover, CCl4 caused a distinguished rise of liver level markers (AST, ALT, ALP,
LDH, ɤ-GT), TG, TC, and LDL-Ch but a reduced levels of HDL-Ch. In contrast, no such harms or biochemical changes were found
in mice treated with camel milk against typically observed changes in CCl4-treated animals. These findings strongly prove that
beneficial effects of Camel Milk clearly shown through the reduction of the CCl4 induced related damages and oxidative stress.
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Introduction
Liver diseases remain one of the major threats to public health and a worldwide problem [1]. The World health organization
estimates that 46% of global disease and 59% of mortality are due to chronic disease [2] and the management of liver disease
remains a significant concern of modern medicine since this latter has little to offer as alleviation of hepatic ailments [3].
Liver is the main organ, which is responsible for several metabolic functions. It is the organ in charge of many important life
functions, including food digestion, glycogen storage, control of metabolism, drug detoxification and hormone production
[4]. Since liver is so vital to life, malfunction or failure of the organ often results in high rates of morbidity and mortality.
Various substances are known to cause liver damage, and one of them is carbon tetrachloride (CCl 4), which is a well-known
hepatotoxin [5]. Within the body, CCl4 breaks down to highly toxic trichloromethyl and trichloromethyl peroxyl free radicals
by cytochrome P450 enzyme [6] which cause damage to hepatocytes and acts as alterations in biochemical, hematologic
parameters [7]. The hepatotoxic effect of CCl4 is partially circumvented by antioxidant compounds including vitamins C and
E as non-enzymatic antioxidants [8] and silymarin [9]. Induction of liver injury by CCl 4 has been used vastly as a model for
investigation of hepato-protective agents [8-11]. When the liver is injured, its treatment with famous chemical drugs remains
limited [12]. Therefore, interest in the benefits of alternative medicines as a treatment of hepatic disease has been arisen. The
richness of camel’s milk in peptides and proteins exhibits its biological activities that have beneficial effect on many
bioprocesses as digestion, absorption, growth and immunity [13,14].
Furthermore, camel’s milk can be conserved at room temperature longer period than other animals’ milk [15]. The most
known uses of camel’s milk are as drug against autoimmune diseases, dropsy, jaundice, splenomegaly, tuberculosis, asthma,
anemia, piles and diabetes [16]. Also, camel’s milk is characterized by antitoxic effect in the face of 4 cadmium chloride
[17,18], CCl4 [19], Cisplatin [20], Paracetamol [21], Aluminum chloride [22]. Although, Althnaian et al. [23] confirmed that
Camel milk had a protective effect against CCl4 induced hepatotoxicity. As far as we know, such protective effect on
antioxidant enzymes (CAT, SOD, GPx activities, lipoprotein profiles and GSH levels) has not yet been elucidated. Hence, the
present investigation focus on evaluating the hepato-preventive potential of camel milk in CCl4- in vivo- affects antioxidant
enzyme activities and lipid peroxidation indicating liver damage in mices.

Methods and Materials
Milk sampling
Milk used in this study was collected from dromedary animals (Camelus dromedaries) of Maghrabi breed from the south of
Tunisia. The dromedaries were fed throughout the year exclusively by grazing. Dromedary sample was obtained by manual
milking, collected into sterile bottles and transferred immediately to the laboratory.
Animals
Mice weighing 29 to 32 g purchased from Central Pharmacy (SIPHAT, Tunisia). Animals were kept in an air-conditioned
room (temperature 21 ± 1°C and relative humidity of 40%) with a 12h light/dark cycle. All mice had free access to drinking
water and diet. The pelleted diet for rats was 15% protein and supplied by the Industrial Society of Concentrate (SICO, Sfax,
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Tunisia). According to the general guidelines on the use of living animals in scientific investigations, the experimental
procedures were carried [24] and approved by the Ethical Committee of the Faculty of Science of Sfax.
Reagents
The present study used reagents of analytical grade. Carbon tetrachloride was obtained from SD Fine Chemicals, Bhoisar,
Mumbai, India. 5,5’-Dithiobis (2-nitrobenzoic acid) (DTNB), LGlutathione (reduced form), and all current chemicals were
purchased from Sigma Chemical Co., (St. Louis, MO, USA).
Enzymes kits
At the end of experiment, blood samples were collected with heparin aortic puncture of dams. They were centrifuged at 3000
rpm for 20 min. Plasmatic activities of transaminases, i.e., alanine aminotransferase (ALT) and aspartate aminotransferase
(AST), lactate dehydrogenase (LDH) and ɤ-Glutamyl transpeptidase (ɤ-GT) kits were purchased from Bioerieux Laboratory.
Triglycerides (TG), total cholesterol, low-density lipoprotein cholesterol (LDL-Ch) and highdensity lipoprotein cholesterol
(HDL-Ch) were obtained from the Beckman Coulter Laboratory (Brea, CA, USA).

In vitro study
Determination of antioxidant activities
Total antioxidant capacity, DPPH* radical-scavenging and reducing power inhibition were successively measured to evaluate
the antioxidant activity of fermented milk and rosemary extracts.
Determination of total antioxidant capacity
The assay is based on the reduction of Mo (VI) to Mo (V) by the extract and subsequent formation of a green
phosphate/Mo5+ complex at an acid pH [25]. An aliquot (0.1 mL) of diluted samples was combined with 1 mL of reagent
solution. Methanol was used instead of sample for the blank. After being incubated in a boiling water bath for at 95°C for 90
min. After the mixture had cooled to room temperature, the mean of the absorbance values was measured at 695 nm against a
blank. The antioxidant activity was expressed as the number of equivalents of ascorbic acid t (mg ascorbic acid equivalent
[AA] g−1 dry weight [DW]).
DPPH de-coloration assay
The antioxidant activities of the camel milk using the DPPH method of Hanato et al. [26]. Briefly, 1 mL of various extract
concentrations (1-40 μg mL−1) was added to 250 μL of 0.2 mmol/L DPPH methanol solution. After 30 minutes at room
temperature in the dark. The absorbance of the resulting solution was then read 517 nm and butylated hydroxytoluene as a
standard. The ability to scavenge the DPPH radical was calculated using the following equation:
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DPPH• scavenging effect (%) = (A0–A1/ A0) × 100
where A0 and A1 are the absorbance at 30 minutes of the control at 30 min and A1 is the absorbance of the sample at 30 min.
All samples were analyzed in triplicate.
Ferric reducing power activity methods
The FRAP procedure was performed as described by Megías et al. [27]. Briefly, a proper amount of sample was added with
0.9 mL of reagent (0.83 mmol (TPTZ, 2,4,6-Tripyridyl-sTriazine) and 1.67 mmol ferric chloride in 0.1 mol acetate buffer
(pH 3.6) and incubated at 25°C for 10 min. The reduction of Fe3+ -TPTZ to Fe2+-TPTZ was monitored by the absorbance
increase at 595 nm. Trolox was used as a positive control. Measurements were done with each sample in triplicates.

In vivo study
Experimental design
Twenty-eight mice were randomly assigned to groups of seven animals each. group (C): control mice received distilled water;
group CCl4: (a CCl4 hepatotoxicity pathological model) was given a single dose of CCl4 (10 ml/kg in 0.3% olive oil. ip) at
day 14; group CM: daily administrated by oral gavage 0.4 mL of camel milk during 15 day; group CM+CCl4: pretreated with
camel milk and intoxicated with CCl4 at 14 day. During the period of treatment, all animals survived and weighed every day.
Organ sampling
At the end of the experiment period, control and treated mice after anesthesia by intraabdominal injection with chloral
hydrate. Blood samples were collected with heparin from brachial artery of animals. They were centrifuged at 2500 g for 15
minutes, and stocked at −20°C until analysis. Liver were dissected, cleaned and weighed. Some samples were homogenized
(1:2, w/v) in 50 mmol/L Tris buffer (pH 7.4) containing 150 mmol/L NaCl using an ultra-Turrax device. Some samples were
rinsed and homogenized at centrifuged at 5000g for 25 min at 4°C and aliquots of supernatant were kept at −30°C until
analyses. In parallel, portions of liver and other organs were immediately fixed into Bouin solution (saturated picric acid
added with 37% to 40% formaldehyde and glacial acetic acid, 75:25:5 v/v) for histological studies [28].

Biochemical parameters
Protein determination in liver
Liver protein content contents were measured according to Bradford [29] using bovine serum albumin (BSA) as a standard.
Evaluating antioxidant enzyme and lipid peroxidation level
Levels of lipid peroxidation was estimated in liver by measuring the formation of thiobarbituric acid reactive substances
(TBARS) according to the method of Yagi [30]. Catalase (CAT), Superoxide dismutase (SOD), and glutathione-peroxidase
(GPx) activities were determined in the same extracts according to the methods of Aebi [31], Beyer and Fridovich [32], and
Flohe and Gunzler [33] respectively.
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Glutathione content in liver
The contents of GSH was estimated by using the method of Ellman [34] after reaction with 5,50-dithiobis-(2-nitrobenzoic
acid).
Histopathological examination
Specimens from liver tissues were taken from all rat groups after scarification. They collected and fixed in bouin solution and
embedded into paraffin, cut at 2- 5 μm slices and stained with hematoxylin and eosin for histological examination [35].
Eights slices from each liver were prepared.

Statistical analysis
Statistical analyses were performed using one-way ANOVA followed by Fisher's post-hoc test (PLSD) for comparison
between groups [treated groups (CCl4 vs (C)] and [(CM+ CCl4,) vs (CCl4)]. Data are expressed as mean ± SE. Differences
were considered significant if (P<0.05, P<0.01, P<0.001). Power analysis was performed upon each parameter measurement
to determine sample size.

Results
Impacts of CCl4 on health Death or abortion did not occur in any experimental groups during the treatment period (15 days).
However, few clinical symptoms were noted in mice, including decreased activity and apparent weakness.
Antioxidant activities of camel milk
It is obvious from TABLE 1, that the camel milk sample had a high ability to scavenge DPPH*radical (IC50=0.63 mg/ml). It
can be shown that a high ferrous ion chelating activity of CM. In addition, it can be seen that CM reveal a significant increase
in their total antioxidant capacity (0.96 mg AAE/ml). Effect of treatments on serum transaminase, PAL, LDH and ɤ-GT
activities TABLE 2 shows that CCl4 had significantly raised serum ALT, AST, PAL, LDH and ɤ-GT levels in mice liver as
compared to control (+212%, P<0.001; +75%, P<0.01; +34%, P<0.01; +72%, P<0.01; +109%, P<0.001, respectively)
(TABLE 2). Treatment with CM alone didn’t cause any effect per se on the hepatic biomarkers in mice. Pretreatment with
camel milk for 15 days restored ALT, AST, PAL, LDH and ɤ-GT (P<0.01), without attain normal values.
Values represent the means ± SE of 3 replicates.
A.

Total antioxidant capacity (mg AAE g−1 DW).

B.

DPPH scavenging activity (mg mL−1).

C.

FRAP (μg mL−1).
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TABLE 1. Antioxidant activities in the camel milk

Antioxidant activities

Camel milk

TACa

DPPHb

FRAPc

0.96 ± 0.05

0.63 ± 0.02

2.55 ± 0.02

TABLE 2. Hepatic biomarkers (AST ALT, ALP, LDH and ɤ-GT) levels in mice plasma at 15 days of
treatment with camel milk.

Hepatic Biomarkers

Groups =7
C

CM

CCl4

CCl4+CM

AST1 (U/L)

120 ± 12.5

130 ± 12

211 ± 13.8***

124.4 ± 13###

ALT2 (U/L)

6.41 ± 1.7

6.21 ± 1.9

20.00 ± 3.3***

9.61 ± 2.1###

ALP3 (U/L)

79.00 ± 8.2

82.00 ± 8

116 ± 11***

88 ± 7.3##

LDH4 (U/L)

2283 ± 112

2290 ± 99

4000 ± 108***

2684 ± 97###

ɤ-GT5 (U/L)

1.10 ± 0.70

1.19 ± 0.60

2.30 ± 0.10***

1.8 ± 0.20##

C: Control; CM: Camel milk; CCl4: Carbon tetrachloride; CCl4+ CM: Mice pre-treated with camel milk and intoxicated with
CCl4 at 14th day
1

AST, Aspartate transaminase; 2ALT, Alanine transaminase; 3ALP, Alkaline phosphatases; 4LDH, lactate dehydrogenase; 5ɤ-

GT. Values are expressed as means ± SE of seven samples per group.
One-way ANOVA followed by Fisher's protected least significant difference (PLSD) as a post hoc test for comparison
between groups:
Comparison between (CCl4) vs. control (C) group: * P<0.05; ** P<0.01; *** P<0.001.
Comparison between [CM + CCl4] groups vs. (CCl4) group: # P<0.05; ## P<0.01; ### P<0.001. ɤ-Glutamyl transpeptidase

Effects of camel milk on lipid profile
CCl4 led to severe metabolic changes in mice liver, as shown by a significant increase in triglycerides (TG) (+121%), total
cholesterol (TC) (+43%) and LDL-Ch (+76%) levels, as well as decreased HDL levels (-49%) (TABLE 3). Treatment with
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CM did not cause any significant change in lipid profile in liver. Pretreatment with camel milk for 15 days restored TG, TC
and LDL-Ch levels (P<0.01), without reaching normal values. Conversely, HDL-Ch level showed a significant increase as
comparted to CCl4 group. Estimation of lipid peroxidation in liver The level of TBARS were revealed an increase in liver
tissue of the CCl4 treated animals compared to control untreated mice (+151%, P <0.001) (TABLE 4). Here again, treatment
of CM alone didn’t cause any effect per se on the lipid peroxidation level in its mice. The use of camel milk relieves lipid
peroxidation without attaining normal values (TABLE 4).

TABLE 3. Serum triglycerides, cholesterol, HDL-Ch and LDL-Ch levels (in mg/L) in mice at 15 days of treatment
with camel milk.

Parameters

Groups n=7

C

CM

CCl4

CCl4+CM

1

TG (mg/L)

1.05 ± 0.12

1.12 ± 0.02

2.33 ± 0.25***

1.40 ± 0.13#

2

T-Ch (mg/L)

1.90 ± 0.15

1.97 ± 0.11**

3.70 ± 0.25**

2.10 ± 0.15##

3

HDL (mg/L)

1.94 ± 0.15

1.92 ± 0.19

0.98 ± 0.09***

1.82 ± 0.30###

4

LDL (mg/L)

0.6 ± 0.03

0.51 ± 0.06

1.06 ± 0.10**

0.79 ± 0.17##

C: Control; CM: camel milk; CCl4: Carbon tetrachloride; CCL4+ CM: Mice pre-treated with camel milk and intoxicated with
CCl4 at 14th day.
1
TG, Triglycerides; 2T-Ch, Total cholesterol; 3HDL-Ch, High density lipoproteins of cholesterol; 4LDL-Ch, Low density
lipoproteins of cholesterol. Values are expressed as means ± SE of seven samples per group.
One-way ANOVA followed by Fisher's protected least significant difference (PLSD) as a post hoc test for comparison
between groups:
Comparison between (CCl4) vs. control (C) group: * P<0.05; ** P<0.01; *** P<0.001.
Comparison between [CM+ CCl4,] groups vs. (CCl4) group: # P<0.05; ## P<0.01; ### P<0.001.
Estimation of GSH levels in the liver
A noticed decrease of GSH level in the liver was evident in the CCl4 group (3-fold, P<.001), compared with those of controls
(TABLE 4). Pretreatment with camel milk ameliorated GSH level compared with the CCl4 group.
Enzymatic antioxidant status in the liver In the liver homogenates of CCl4-treated mice, SOD, CAT and GPx activities
decreased significantly by -44.3%, - 5 fold, and -1.3 fold respectively, when compared to controls (TABLE 4). Pretreatment
camel milk at 0.4 mL improved these parameters when compared to the CCl4 group without reaching normal values.
Histological studies The biochemical modifications mentioned above were connected with our histological studies (FIG. 1).

7

www.tsijournals.com | April-2017
In fact, in the liver sections of control group showed normal hepatic cells [FIG. 1. (A, A’)]. The administration of CCl4
caused severe hepatocytes necrosis, inflammation and hepatocyte ballooning [FIG. 1. (B, B’)]. Pretreatment with camel milk
was orally administrated of CCl4-treated mice [FIG. 1. (C, C’)], the liver sections’ histological aspects were partially reversed
compared to the control group. The histological aspects of the liver of the camel milk treated group were similar to those of
controls (data not show).

FIG. 1. Histological sections of liver in control and CCl4 mice treated with camel milk after 15 days. Sections were
stained with hematoxylin–eosin (original magnification x100, x400). (A, A’) control mice; (B, B’) CCl4 mice; (C, C’)
CCl4 mice treated with CM Arrows indicate: parenchyma dilatation, cell necrosis, ballooning degeneration, steatosis,
leucocytic infiltration.

Discussion
Liver fibrosis represents chronic wound repair following liver injury [36]. In this study, we assessed the response of the liver
to hepatotoxicants in mice with a preceding liver injury. First, in our study, hepatotoxicity of the CCl4 in the mice was
determined by changes in serum parameters. Examination of liver was done through the estimation of the activities of serum
ALT, AST, ALP LDH and ɤ-GT which are enzymes originally present at elevated concentration in the cytoplasm [37-40]. In
case of hepatopathy, these enzymes escape into the blood stream in accordance with the extent of liver damage [41,42]. Our
results showed that administration of CCl4 induced a significant elevation of enzyme levels in comparison with normal
control. The elevated level of enzymes such as aspartate aminotransferase and alanine amino transferase have been seen in
rats received CCl4 leading to increased cell damage, permeability, and hepatocytes necrosis [43-44].
Alkaline phosphatase as a membrane bound enzyme, is excreted in association with bile when liver is affected, defective
excretion increased the serum level of this enzyme [45]. Second, when reactive oxygen species attack polyunsaturated fatty
acids, lipid peroxidation products are constitute causing a membrane structural and/or functional damage [46], manifested by
an elevation in liver fibrosis induced by CCl4 [47]. Indeed, the present study show an elevation of lipid peroxidation at the
level liver of mice treated with CCl4, leading to tissue damage and failure of antioxidant defense mechanism to prevent the
8
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formation of excessive free radicals [48-50]. Noteworthy, preventive treatment with camel milk was proved to reduce the rise
of serum AST and ALT activities induced by CCl4 treatment in rats. This finding implies that camel milk has the challenge to
protect liver tissue from CCl4 injury. The increased of serum enzymes caused by CCl4 induced liver damage. Camel milk
through its ability of the leakage of intracellular enzymes may be to the prevention by its membrane stabilizing activity. This
is in agreement with the commonly accepted view that serum levels of transaminases return to normal with the healing of
hepatic parenchyma and the regeneration of hepatocytes [51].

TABLE 4. Effect of camel milk on oxidative status and antioxidant system activity in mice liver.

Parameters

Groups =7

C

CM

CCl4

CCl4+CM

1

TBARS

1.38 ± 0.09

1.42 ± 0.01

3.47 ± 0.50***

1.97 ± 0.30##

2

SOD

137.2 ± 11

140.4 ± 10

94.95 ± 10**

110.69 ± 22#

3

CAT

0.86 ± 0.03

1.05 ± 0.06

0.14 ± 0.09***

0.73 ± 0.006##

4

GPx

4.52 ± 0.10

4.37 ± 0.30

1.92 ± 0.20***

3.66 ± 0.20##

5

GSH

0.77 ± 0.002

0.66 ± 0.028

0.16 ± 0.03***

0.52 ± 0.015##

C: Control; CM: camel milk; CCl4: Carbon tetrachloride; CCL4+ CM: Mice pre-treated with camel milk and intoxicated with
CCl4 at 14 day.
1

TBARS, Thiobarbituric acid reactive substances (nmol/mg protein); 2SOD, Superoxide dismutase (U SOD/mg protein);

3

CAT, Catalase (nmol/mg

protein); 4GPx, Glutathione peroxidase (nmol/mg protein); 5GSH, Reduced GSH
Values are expressed as means ± SE of seven samples per group. One-way ANOVA followed by Fisher's protected least
significant difference (PLSD) as a post hoc test for comparison between groups:
Comparison between (CCl4) vs. control (C) group: * P<0.05; ** P<0.01; *** P<0.001.
Comparison between [CM + CCl4] groups vs (CCl4) group: # P<0.05; ## P<0.01; ### P<0.001.

Many researchers have provided a significant support for proving camel milk protective effects on liver damage [19,52,53].
In addition, these studies insisted that the protective effect of camel milk against CCl4-induced oxidative stress in the rat is
owing to its antioxidant properties. Camel milk contains high concentrations of vitamins A, B2, C and E and is very rich in
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magnesium and other trace elements; these vitamins act as antioxidants and have been found to be beneficial in preventing
toxicant-induced tissue injury [54]. The efficiency of any hepatoprotective drug is based on its ability of either reducing the
harmful effect or restoring the normal hepatic physiology that has been distributed by a hepatotoxin. Camel milk reduced
CCl4 induced elevated enzyme levels in tested groups, indicating the protection of structural integrity of hepatocytic cell
membrane or regeneration of damaged liver cells [55].
Second, preventive treatment of CM can repair and protect liver tissues by stabilizing the membrane and the prevention of
intracellular enzyme leakages. It could be concluded that the reversal of serum transaminase levels is owing to the repair and
healing process of hepatic parenchymal cells [56]. CM impacts had been reported previously in several related topics [57,58],
that attribute the harmful hepatic effects restoration, back to normal physiology; to CM consumption which affects the
regeneration or protection of hepatocyte membrane integrity [59].
Third, this research has also proved that, the CCl4 treatment could have an impact on the lipid metabolism of liver
(triglyceride and cholesterol levels). This is concluded from the present observations that, CCl4 caused a significant (P
<.0.05) increase in the levels of lipid parameters. Althnaian et al. [60] confirmed that CCl4 intoxication resembles to hepatitis
in case of the triglycerides catabolism. Moreover, it can be assumed that hypercholesterolemia in CCl4 intoxicated mice was
the consequence of the damage of hepatic parenchymal cells that lead to disturbance of lipid metabolism in liver [61].
However, the beneficial effects of camel milk on lipid metabolism have not been studied well. Our data have showed a
significant decline in triacylglycerol cholesterol, LDL-C values but it increased the HDL-C levels compared to CCl4intoxicated mice. Lipid lowering is the main effect of camel milk which might be attributed to an inhibitory activity on
microsomal acyl coenzyme A: cholesterol acyltransferease in vitro. This latter is responsible for acylation of cholesterol-to
cholesterol esters in liver [61].

Conclusion
In conclusion, CCl4 treatment resulted in hepatic lesions with hepatic, oxidative damage and histopathological changes.
Pretreatment with camel milk led to a significant attenuation of hepatic disorders. Our results suggested that pretreatment
with camel milk could be a useful adjunct in order to avoid toxicity induced by CCl4. Further studies are needed to discover
new pharmacological approaches and to determine the exact mechanistic pathways of camel milk.
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