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Antiapoptotic and anticoagulant effects of camel milk and camel urine in 
methotrexate-induced hepatotoxicity 
Abeer Khalid Al-Ghumlas , Manan A. Alhakbany and Aida A. Korish 

The Coagulation Research Laboratory, Physiology Department, College of Medicine and King Saud University and King Saud University Medical 
City, Riyadh, Saudi Arabia

ABSTRACT
Methotrexate (MTX) is widely used chemotherapeutic and immune suppressant agent. Hepatotoxicity is 
a common side effect of chronic MTX therapy. This study investigated the hepatoprotective properties 
of camel milk (CM) and camel urine (CU) in hepatotoxicity induced by intraperitoneal injection of MTX 
20 mg/kg. The MTX-intoxicated animals showed elevated serum alanine aminotransferase, aspartate 
aminotransferase, alkaline phosphatase, fasting blood glucose (FBG), liver DNA fragmentation marker 
(DFF-40), and serum and liver cytokeratin (CK-18), decreased serum proteins, albumin, fibrinogen, and 
total antioxidant capacity (TAC). Decreased antithrombin (AT) was associated with prolonged prothrom-
bin time (PT) and activated partial thromboplastin time (APTT). Treatment with CM and CU for four 
weeks decreased the liver enzymes, FBG, DFF-40, and CK-18 levels and increased total proteins, albumin, 
fibrinogen, and TAC. However, the changes in AT, PT, and APTT persisted. CM and CU showed promising 
abilities to counteract MTX hepatotoxicity and they exerted cytoprotective, antiapoptotic, antioxidative, 
antihyperglycemic, and antithrombotic effects.
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Introduction

Methotrexate is a chemotherapeutic and immunosuppressant 
agent (Koźmiński et al., 2020). It is widely used as an effective 
treatment modality in malignant, inflammatory, and autoim-
mune disorders (Koźmiński et al., 2020; Naldi & Griffiths, 2005). 
The long-term use of methotrexate therapy is associated with 
hepatotoxicity which ranges in severity from increased hepatic 
enzymes and impairment in the synthetic liver function to 
manifest fibrosis and/or cirrhosis (Chakravarty et al., 2008). 
The coincidence of hemostatic derangements including 
venous thrombosis is not uncommon in the methotrexate- 
treated patients (Mahadeo et al., 2010). The toxic manifesta-
tions of methotrexate are in part related to the direct increase 
in the reactive oxygen species (ROS) production and the defi-
ciency of the antioxidative enzymes such as S-Adenosyl 
methionine (SAM) and glutathione S-transferase (GST) (Saka & 
Aouacheri, 2017). Therefore, several studies demonstrated that 
the antioxidant compounds exerted protective effects against 
methotrexate hepatotoxicity (Abd Al-Azem et al., 2019; 
Mehrzadi et al., 2019). Furthermore, methotrexate was 
reported to induce and activate apoptosis through oxidative 
stress and by disrupting the mitochondrial membrane poten-
tial (Herman et al., 2005; Awad et al., 2018).

Nowadays, many research lines are aiming to study the 
naturally derived components that can improve and protect 
against the common diseases. As a point of fact, comple-
mentary and alternative medicine are widely used in some 
countries of Africa, Asia, and America for the treatment of 
multiple acute and chronic health problems (World Health 
Organization, 1993). Out of the naturally derived products of 
medicinal importance; camel milk (CM) and camel urine (CU) 

and their bioactive ingredients are gaining increased recog-
nition in recent medical researches. CM is consumed for 
nutritive purposes by a considerable number of people in 
several arid and non-arid countries worldwide (World Health 
Organization, 1993). The camels favor grazing on natural 
vegetation particularly, desert bushes, salty plants, and 
herbs. This diet is responsible for the peculiar composition 
of CM which is rich in vitamins (e.g. A, B2, C, and E), minerals 
(e.g. sodium, potassium, copper, magnesium, and zinc), and 
the phytochemicals (Al-Humaid et al., 2010). A large body of 
recent evidences reported that CM has antioxidant and free 
radical scavenging activities that help in preventing tissue 
injury related to toxic agents (Arab et al., 2021; H. R. Ibrahim 
et al., 2018; Osman et al., 2021). Additionally, CM has immu-
nomodulatory properties related to its rich contents of 
immunoglobulins, α-lactalbumin, lactoperoxidase, lysozyme, 
and lactoferrin, and many other proteins having multiple 
biological functions (Elagamy, 2000). The latter gives extra 
benefit to the chronically ill patients treated with CM such as 
allergy (Ehlayel et al., 2011), cancer, liver diseases, and renal 
disease (Arab et al., 2021; Ayyash et al., 2018; Wang et al.,  
2017). Recent studies demonstrated that most of the bene-
ficial effects of CM are ascribed to the presence of extracel-
lular nanovesicles known as exosomes which exhibit 
immunomodulatory and antioxidant properties in cyclopho-
sphamide and diabetic nephropathy (H. M. Ibrahim et al.,  
2019; Shaban et al., 2022).

the CU is considered as one of the most famous urother-
apeutic products (Gader & Alhaider, 2016) that is used as 
a traditional folk and complimentary medicine in the desert 
of the Arabian Peninsula, for centuries. Nowadays, the 
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medical benefits of CU gained greater public interest and 
recent report revealed that CU consumption is safe and has 
no potential toxicities or genetic damaging effects on the 
normal tissues (Anwar et al., 2021). The detailed biochemical 
analysis by gas chromatography-mass spectrometer and 
inductively coupled plasma mass spectrometer revealed 
that CU contains multiple biologically active molecules 
such as benzene propanoic acid, fatty acid derivatives, 
amino acid derivatives, sugars, prostaglandins, and canava-
nines (Ahamad et al., 2017). Additionally some authors 
reported high levels of creatinine and uric acid components 
(Alkhamees & Alsanad, 2017) with antioxidant and free radi-
cal scavenging activities (Fabbrini et al., 2014; Giovannini 
et al., 2006). Furthermore, the antioxidant effect of creatinine 
was related to its capacity to buffer cellular ATP and lower 
intracellular Ca2+ levels (Tarnopolsky, 2011). This peculiar 
composition showed a powerful therapeutic anticancer 
action in Saudi patients (Abuelgasim et al., 2018), antibacter-
ial activities against aerobic infections (Shoeib & Ba-Hatheq,  
2007), antiplatelet (Al-Ghumlas, 2020), gastroprotective (Hu 
et al., 2017), and hepatoprotective effects against ethanol 
(Elhag & Mustafa, 2016), and carbon tetra chloride (CCl 4) 
toxicities (Mahmoud et al., 2019).

Owing to the widespread use of methotrexate in multiple 
chronic health problems, it is of great importance to find an 
approach to reduce its complications and to increase its 
safety. In view of the recent evidences of the organo- 
protective properties of CM and CU against several drug- 
induced toxicities, the current study aimed to investigate the 
hepatoprotective effects of CM and CU and to characterize 
their actions on the oxidative-antioxidative balance (redox 
status), hemostatic alterations, and the apoptotic pathway in 
methotrexate-induced toxicity in rats.

Materials and methods

Experimental design and animal grouping

The current study was performed on 40 adult male Wister 
rats (200–250 g) obtained from The Experimental Surgery 
and Laboratory Animals Care Unit of the College of 
Medicine King Saud University (KSU). All the experimental 
procedures followed the international guidelines of the use 
and care of laboratory animals. The study protocol was 
approved by the Institutional Review Board of KSU for 
experimental animal research (IRB number: KSU-SE-19-43). 
The animals were kept under standard housing conditions 
in an average room temperature 23°C and 12 h-light/dark 
cycles and relative humidity 50% ±10% with free access to 
rodent diet and drinking water throughout the study. After 
two weeks of acclimatization, animals were divided into four 
experimental groups (n = 10 in each). The control (C) group, 
contained healthy animals and received ordinary rodent diet 
and drinking water with no further treatment. In the metho-
trexate (MTX) group, the animals were subjected to metho-
trexate-induced toxicity with no further treatment. In the 
methotrexate-camel milk (MTX-M) group, rats were subjected 
to methotrexate-induced toxicity and received CM treat-
ment. In methotrexate-camel urine (MTX-U) group, rats were 
subjected to methotrexate-induced toxicity and received CU 
treatment. Methotrexate (from EBEWE PHARMA) was admi-
nistered intraperitoneally (i.p) as a single dose of 20 mg/kg 
body weight dissolved in 1 ml saline (Mukherjee et al., 2013) 

to the animals in the MTX, MTX-M, and MTX-U groups. CM 
and CU were brought from a camel breeding farm located in 
the desert 350 kilometer away from Riyadh city, Saudi 
Arabia. The milk and urine were collected from four lactating 
camels in their first month of the lactation period, fed on the 
desert plants and bushes. The camels were milked, in the 
early morning, manually using an aseptic technique in screw 
capped bottles, and the urine was collected from the same 
camel in sterile containers. The collected milk and urine were 
transported on ice to the laboratory where they were kept in 
the refrigerator at 4°C until administered to the animals. The 
next day after methotrexate administration the animals in 
the MTX-M and MTX-U groups started to receive oral CM 75  
ml/kg/day and CU 25 ml/kg/day respectively from nozzle 
bottles hanged in the wall of the cages for four weeks 
(Elhag & Mustafa, 2016). The average food intake and the 
character of the stool passed by the animals were observed 
daily, and body weight was measured weekly for evaluation 
of any signs of gastrointestinal toxicity.

Blood and tissue samples collection

At the end of the experimental period, overnight fasting 
animals were anaesthetized by sodium phenobarbital 
(Nembutal) 50 mg/kg i.p. (AlNafea & Korish, 2021). Blood 
samples were collected from retro orbital venous plexus in 
sodium citrate and plain test tubes for the different bio-
chemical assays. After blood collections, the animals were 
sacrificed by decapitation. The liver tissues were collected, 
washed with cold-iced saline, weighted and stored at −80°C 
for homogenization and determination of the apoptotic 
markers.

Assessment of methotrexate toxicity
Assessment of liver functions

The enzymatic markers of liver injury: The activity of alanine 
aminotransferase (ALT), Aspartate aminotransferase (AST), 
and Alkaline phosphatase (ALP) was determined in the 
serum calorimetrically using automated analyzer (Siemens 
Vista).
The liver function parameters: Serum levels of albumin, fibri-
nogen, and total proteins and bilirubin were determined 
calorimetrically using automated analyzer (Siemens Vista).

Assessment of the hemostatic functions

Coagulation screening tests: Prothrombin time (PT) and acti-
vated partial thromboplastin time (APTT) were measured 
with the STA compact automated coagulometer (Stago 
Diagnostica Reagents, France) using specific reagents of 
the system and according to the instructions of the 
manufacturer.
The natural anticoagulant antithrombin (AT) levels were 
assayed using colorimetric assay (Stachrom AT) (Stago 
Diagnostica Reagents, France) according to the manufac-
turer’s instructions.

Oxidative-anti oxidative status

The total antioxidant capacity (TAC) was determined in 
serum of the studied groups by enzyme linked 
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immunosorbent assay. Using Oxiselect TM Total Antioxidant 
Capacity (TAC) Assay kit # STA-360 Cell Biolabs, Inc. San 
Diego, CA, U.S.A. Reading of the plate was performed at 
490 nm the inter-assay and intra-assay % coefficient of varia-
bility (CV) were ≤ 9.8% and ≤ 5.1%, respectively.

The apoptotic markers

The apoptotic changes induced by MTX therapy were 
assessed by measuring the following parameters:

DNA fragmentation factor 40 kDa subunit beta 
(DFF-40) in the liver tissue

To remove excess blood, the liver tissue was rinsed with 1× 
PBS, homogenized in 20 ml of 1× PBS and stored over night 
at ≤ −20°C. The homogenate was subjected to two freeze- 
thaw cycles to break the cell membranes, centrifuged for 5  
min at 5000 ×g. The supernatant was removed and assayed 
immediately using the Rat DNA fragmentation subunit beta 
ELISA kit #MBS288236 My BioSource, Inc. San Diego, CA, U.S. 
A. An optical density (OD) range of 0–3 or greater at 450 nm 
wavelength was used in absorbance measurement. The 
intra-assay and inter-assay % CV were ≤ 5.1% and ≤ 9.8%, 
respectively.

Cytokeratin-18 (CK-18) levels

The total CK-18 levels were detected in the serum and liver 
homogenate by an ELISA Rat (CK-18) assay kit #Cat No. 
MBS261799 My BioSource, Inc. San Diego, CA, U.S.A. To 
prepare the liver tissue homogenate; the tissue slices were 
washed in 0.01 PBS and the tissue protein extraction reagent 
was added according to the proportion of 1 G: 5–10 ml and 
mixed on ice water. After being blended, the mixture was 
centrifuged for 10 min at 5000–10000 rpm and the super-
natant was collected for the biochemical assays. The OD was 
read at 450 nm. The intra-assay and inter-assay precisions of 
the kit were ≤ 8% and ≤ 12%, respectively.

Assessment of fasting blood glucose (FBG)

The FBG levels were determined by automated analyzer 
(Siemens Vista).

Statistical analysis

The obtained data was tabulated and statistically analyzed 
with Graph Prism software program (9.0). Comparison 
between multiple groups was carried out by one-way 
ANOVA test followed by the post hoc Tukey’s test. One 
Pearson’s correlation analysis was used to determine the 
relationship between some parameters. Data was presented 
as mean ± standard deviations (SD). Results were considered 
significant when p < .05.

Results

The changes in liver enzymes and bilirubin levels in 
methotrexate-induced toxicity and the effect of CM and 
CU treatment

High dose of methotrexate administration was associated 
with significant liver injury manifested by increased liver 
enzymes AST, ALT, and ALP in the MTX group in comparison 
with the control (C) group (p < .0001, p = .001, p < .0001, 
correspondingly) (Table 1). The CM treatment in the MTX-M 
group resulted in significant decline in the AST and ALP 
levels in comparison with the untreated MTX group 
(p = .04, p = .012, respectively). Additionally, the ALT levels 
showed a descending trend in the MTX-M group in compar-
ison with the MTX group but it did not reach a significant 
level (p > .05). Meanwhile, the CU-treated MTX-U group 
showed significant reduction in AST, ALT, and ALP levels in 
comparison with the untreated MTX group (p = .0004, 
p = .002, p = .0005, respectively). In addition, Table 1 shows 
that the MTX group exhibited significant increase in the total 
bilirubin levels in comparison with the C group (p = .03). 
However, the administration of CM and CU treatment 
decreased the total bilirubin levels in the MTX-M and MTX- 
U groups displaying no significance difference from the 
C group (p > .05 for both).

The changes in liver functions in methotrexate toxicity 
and the effect of CM and CU treatments

Table 1 shows that the hepatic injury-induced by high dose 
methotrexate therapy altered the synthetic liver functions in 
the MTX group of animals. This leads to significant reduction 
of the total serum protein and albumin levels in the MTX 

Table 1. The liver functions, the hemostatic parameters and the total antioxidant capacity (TAC) in the control, methotrexate (MTX), 
methotrexate-camel milk treated (MTX-M), and methotrexate-camel urine-treated (MTX-U) groups after 8 weeks of the study, (n = 10 
in each group).

Control MTX MTX-M MTX-U

AST (IU/L) 91.22 ± 17.97 172.60 ± 48.63* 126.20 ± 39.66† 108.40 ± 17.23*†‡
ALT (IU/L) 32.78 ± 10.97 49.89 ± 11.81* 41.00 ± 5.178* 33.33 ± 8.41*†
ALP (IU/L) 82.67 ± 8.69 177.80 ± 46.24* 132.70 ± 19.6*† 125.30 ± 17.60*†
Bilirubin (mg/dl) 1.45 ± 0.23 2.06 ± 0.49* 2.0 ± 0.58 1.94 ± 0.43
Total protein (g/L) 63.89 ± 1.64 58.36 ± 1.87* 62.13 ± 2.41† 60.00 ± 1.85*†
Albumin (g/L) 11.83 ± 0.81 10.95 ± 0.49* 13.10 ± 0.56*† 12.94 ± 0.46*†
PT (s) 18.31 ± 1.26 21.54 ± 2.41* 21.12 ± 1.96* 22.04 ± 1.85*
PTT (s) 27.39 ± 1.2 31.87 ± 3.37* 38.78 ± 3.07*† 35.51 ± 3.75*
AT (%) 128.00 ± 7.02 114.20 ± 10.12 104.20 ± 6.48* 112.10 ± 20.00*
Fibrinogen (mg/dl) 258.30 ± 36.82 193.90 ± 36.46* 219.70 ± 46.66 190.40 ± 25.34*
TAC (mM) 12.30 ± 0.68 9.56 ± 1.11* 13.55 ± 0.47 *† 14.16 ± 0.60*†
FBG (mg/dl) 92.13 ± 5.67 108.30 ± 8.50* 85.50 ± 12.1 89.60 ± 13.67

AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, Alkaline phosphatase; PT, prothrombin time; PTT, partial 
thromboplastin time; AT, antithrombin; TAC, total antioxidant capacity; FBG, fasting blood glucose.  

Values are presented as mean ± SD; statistical difference between all groups was tested by one way ANOVA; when it was significant, 
a post hoc Tukey’s test was carried out to compare between groups. *p < .05 vs. control group, †p < .05 vs. Methotrexate (MTX) 
group. 
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group in comparison with the C group (p < .0001, p = .0177, 
respectively). The administration of CM or CU in association 
with methotrexate therapy in the MTX-M and MTX-U groups 
resulted in preservation of the albumin levels in both groups 
as compared to MTX group (p < .0001; for both). 
Interestingly, the serum albumin levels were significantly 
higher in the MTX-M and MTX-U groups in comparison 
with the C group (p = .0005, p = .0025, respectively). 
Additionally, the total serum protein level was preserved in 
the MTX-M group showing no significant difference from 
that of the C group (p > .05), but it remained significantly 
lower in the MTX-U group (p = .001) as compared to control 
C group. Therefore, the protective effect of CM treatment 
against hepatocyte cellular damage was more powerful than 
that of CU treatment.

The changes in the hemostatic functions in 
methotrexate toxicity and the effect of CM and CU 
treatment

Table 1 shows that the methotrexate-induced hepatotoxicity 
was associated with impaired hemostatic functions mani-
fested by prolonged PT and APTT in the untreated MTX- 
group as compared to the C group (p = .003, p = .0.2; respec-
tively). There was no significant change in the PT in the MTX- 
M and MTX-U groups as compared to the MTX group (p > .05 
for both). However, interestingly the PTT showed greater 
prolongation in the MTX-M group in comparison with both 
MTX and the control groups (p = .0001, p < .0001, respec-
tively). Similarly, the MTX-U group showed prolonged APTT 
in comparison with the control groups (p < .0001). 
Additionally, the MTX group exhibited decreasing trend in 
AT levels but it did not reach a significant level as compared 
to the C group (p > .05). The use of CM and CU did not show 
any significant change in AT level in MTX-M and MTX-U as 
compared to the MTX group (p > .05 for both). Table 1 shows 
that the serum fibrinogen levels were lower in the MTX 
group in comparison with the C group (p = .003). The MTX- 
M group showed an increased fibrinogen levels that were 
comparable to the C group but it is still not statistically 
different from the MTX group (p > .05). Similarly, there was 
no significant change in the fibrinogen levels in the MTX-U 
group in comparison with the MTX-group (p > .05).

Total antioxidant capacity (TAC) in methotrexate 
toxicity and the effect of CM and CU treatment

Methotrexate produced an oxidative stress condition in the 
MTX group of animals manifested by significant reduction of 
the TAC in comparison with the C group (p < .001). The 
treatment by CM and CU exhibited comparable increase in 
the TAC in the MTX-M and MTX-U groups as compared to 
the MTX group (p < .0001 for both) (Table 1). Remarkably, 
the TAC in the MTX-M and MTX-U groups were significantly 
higher than the C group (p < .0001 and 
p = .0028, respectively).

Markers of liver apoptosis in methotrexate toxicity and 
the effect of CM and CU treatment

Cytokeratin-18 (CK-18) levels

Methotrexate-induced necrosis and apoptosis of the liver 
cells as manifested by the elevated levels of the markers of 
early apoptosis (CK-18) in the serum and the liver tissue of 
the MTX group as compared to the serum and liver tissue of 
the C group (p < .001, p = .0006, respectively). The treatment 
by CM significantly lowered the CK-18 levels in the liver (p  
= .009) and serum (p = .029) of the MTX-M group as com-
pared to the MTX group. The CU treatment exhibited sig-
nificant reduction in the CK-18 in the liver tissues of the 
MTX-U group (p = .024) and showed no significant change 
in the serum CK-18 (p > .05) in comparison with the MTX 
group (Figure 1).

DNA fragmentation factor 40 kDa subunit beta 
(DFF-40)

As shown in Figure 2, methotrexate toxicity increased the 
apoptotic changes in liver tissues. This was manifested by 
two-fold increase in the DFF-40 in the MTX group of animals 
in comparison with the control level in the C group (p  
< .0001). However, treatment by CM and CU comparably 
inhibited the DNA fragmentation of the liver tissue of the 
MTX-M and MTX-U groups in comparison with the MTX 
group (p = .0003, p = .0002; respectively).

Figure 1. Liver and serum cytokeratin-18 (CK-18) levels in methotrexate toxicity and the effect of camel milk and camel urine treatments. Control healthy (C), 
methotrexate (MTX), methotrexate-camel milk-treated (MTX-M), and methotrexate-camel urine-treated (MTX-U) groups. ****p < .0001, **p < .01, *p < .05.
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Changes in the fasting blood glucose levels (FBG) in 
methotrexate toxicity and the effect of CM and CU 
treatment

Table 1 shows that methotrexate treatment was associated 
with significant fasting hyperglycemia in the untreated MTX 
group in comparison with the C group (p = .013). 
Interestingly, both CM and CU exerted hypoglycemic effect 
that was marked by the significant reduction of the FBG 
levels in the MTX-M and MTX-U groups compared to the 
MTX group (p < .0001, p = .001, respectively). The FBG levels 
in the MTX-M and MTX-U groups showed no significant 
difference from the normal FBG in the control C group 
(p > .05).

Changes in body weight in methotrexate toxicity and 
the effect of CM and CU treatment

The initial body weight (IBW) showed no significant differ-
ence between the studied groups (p > .05). However, after 4  
weeks of the induction of the methotrexate toxicity, the 
untreated MTX group showed lower final body weight 
(FBW) in comparison with the C Group (p < .001). The MTX- 
M group showed significant increase in the FBW compared 
to the MTX group (p < .001). However, the MTX-U group 
showed no significant change in FBW compared to the 
MTX group (p > .05) (Table 2).

Changes in the liver weight in relation to the body 
weight (liver/B.Wt) ratio due to methotrexate toxicity 
and the effect of CM and CU treatments

Table 2 shows increased liver weight in relation to the final 
body weight (Liver/B.Wt.) ratio in the MTX group of animals 
in relation to the C group (p = .004). Treatment by CM or CU 
in the MTX-M and MTX-U groups, respectively, showed no 
significant change in (Liver/B.Wt) ratio in comparison with 
the MTX group (p > .05 for both).

Correlation analysis studies

Pearson’s correlation studies presented in Table 3 
showed significant negative correlation between the liver 
enzyme AST and the serum albumin and fibrinogen levels. 
However, AST correlated positively with ALT, CK-18, and 
DFF-40. The TAC showed inverse correlation with AST, ALT, 
CK-18, and DFF-40. However, TAC was positively correlated 
with serum albumin.

Discussion

In view of the common long-term use of methotrexate in 
the management of the chronic inflammatory and malig-
nant disorders; the methotrexate-induced hepatotoxicity is 
prevalent and needs to be counteracted (Conway & Carey,  
2017). CM has recently proved to have protective role in 
several diseases due to its regulatory effects on the inflam-
matory mediators, immunomodulators, and the oxygen- 
free radicals. Therefore, the current study evaluated the 
effects of CM and CU on methotrexate-induced hepatotoxi-
city. The treatment by CM and CU produced hepatoprotec-
tion demonstrated by decreased serum ALT, AST, ALP, 
bilirubin, DNA fragmentation, and CK-18 levels. 
Additionally, the hepatocytes’ synthetic function was 
improved as evidenced by increase in serum total proteins, 
albumin, fibrinogen, and AT levels. Interestingly, we noticed 
that the CU showed a stronger protective effect against 

Figure 2. The levels of DNA fragmentation factor 40 kDa subunit beta (DFF- 
40) in the liver tissue in the methotrexate toxicity and the effect of camel milk 
and camel urine treatments. Control healthy (C), methotrexate (MTX), metho-
trexate-camel milk treated (MTX-M), and methotrexate-camel urine-treated 
(MTX-U) groups. ****p < .0001, ***p < .001, **p < .01, *p < .05.

Table 2. The changes in body weight (B.Wt) and the liver/body weight (L/Wt.) ratio in the control, methotrexate (MTX), 
methotrexate-camel milk (MTX-M), and methotrexate-camel urine (MTX-U) groups of animals in the study.

Control MTX MTX-M MTX-U

Initial B.Wt (g) 261.60 ± 21.67 262.20 ± 24.34 267.60 ± 13.91 267.80 ± 8.64
Final B.Wt (g) 446.90 ± 34.32 347.10 ± 20.06* 413.30 ± 27.40*† 393.90 ± 26.38*
Liver weight (g) 12.06 ± 1.46 10.79 ± 0.96* 12.57 ± 1.12† 12.46 ± 1.14†
Liver/B.Wt (%) 2.69 ± 0.29 3.12 ± 0.29* 3.04 ± 0.18* 2.99 ± 0.19*

Values are presented as mean ± SD; statistical difference between all groups was tested by ANOVA; when it was significant, 
a post hoc Tukey’s test was carried out to compare between groups. *p < .05 vs. control group, †p < .05 vs Methotrexate 
(MTX) group. 
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methotrexate-induced hepatocellular damage as compared 
to CM. This was evidenced by the lower levels of the 
hepatic enzymes activities in the MTX-U group of animals. 
This may be attributed to the powerful antioxidant and free 
radical scavenging activities of CU due to its high content 
of essential inorganic elements including K, Mg, Na, Ca, and 
Mn and active metabolites such as canavanine, and erythri-
tol (Mahmoud et al., 2019). Alternatively, treatment by CM 
exerted greater preservation of the liver albumin synthesis 
in the MTX-M group of animals. This could be due to the 
rich amino acid contents and the strong antioxidant and 
free radical chelating effects of the small- and medium- 
sized bioactive peptides present in CM which support the 
hepatic synthetic process (Osman et al., 2021).

The current findings of the protective effects of CM 
against drug-induced hepatotoxicity supported our previous 
reports of the ability of CM to exert functional and histo-
pathological liver protection in non-alcoholic steatohepatitis 
(Korish & Arafah, 2013) and thioacetamide-induced hepato-
toxicity (Osman et al., 2021). Additionally, the present results 
were in accordance with similar reports of the hepato- 
protective effect of CU against ethanol and CCl4 toxicity 
(Elhag & Mustafa, 2016; Elhag et al., 2017; Mahmoud et al.,  
2019). Additionally, El-Fakharany et al. (2017) reported that 
CM treatment in hepatitis C virus-infected subjects leads to 
improved liver functions and increased plasma proteins. The 
organo-protective functions of CM could be attributed to the 
modulation of the PI3K/Akt/eNOS signaling pathway and the 
inhibition of oxidative stress as recently reported by Arab 
et al. (2021) in methotrexate and cyclosporin-induced renal 
toxicity.

The glucose homeostatic mechanisms are highly related 
to the normal liver functions. The methotrexate-induced 
liver damage in the present study resulted in significant 
hyperglycemia in the MTX group of animals that was cor-
rected after CM and CU treatment. The ability of CM to 
counteract hyperglycemia is highly reported in diabetic 
patients (Agrawal et al., 2011) and experimental animals 
(Korish et al., 2020). This hypoglycemic effect of CM is attrib-
uted to its insulin-like activities (Agrawal et al., 2011), 
increased glucose-stimulated insulin secretion and incretin 
hormones (GIP, GLP) (Korish, 2014), inhibition of dipeptidyl 
peptidase (DPP-IV) enzyme that degrades incretin hormones 
(Nauck & Meier, 2018). Furthermore, CM has stimulatory role 
on the human insulin receptor (hIR) and the glucose uptake 
(Ashraf et al., 2021; Nongonierma et al., 2018).

The current findings of the hypoglycemic effect of CU are 
in accordance with the recent publication of Mustapha et al.  
2021 who reported decreased blood glucose in in alloxan- 
induced diabetic rats receiving CU. The hypoglycemic effect 
of CU could be due to the presence of bioactive molecules 
and ingredients with antidiabetic action derived from the 
plants and bushes available in the food of the camel 

(Ahamad et al., 2017). Furthermore, the decrease of glucose 
absorption from the intestine by CU intake is also 
hypothesized.

The liver is the main producing organ of most of the 
coagulation factors and inhibitors. Therefore, liver diseases 
are not uncommonly associated with disturbed hemostatic 
functions. Up to the limit of our knowledge, few numbers 
of studies have evaluated the effect of methotrexate ther-
apy on haemostasis. In the current study, methotrexate 
hepatotoxicity lowered the fibrinogen levels which contri-
bute to the observed prolongation of PT and APTT in the 
MTX group of animals. Additionally, methotrexate reduced 
the natural anticoagulant antithrombin (AT) levels. The 
reduced fibrinogen and AT levels could be attributed to 
the deterioration in the synthetic liver functions. 
Correlation studies showed that AT had direct correlation 
with fibrinogen level and inverse correlation with AST, 
ALT, PT, and APTT levels.

Our results are in agreement with similar finding reported 
in methotrexate-treated patients by Totan et al. (2001); and 
Fisgin et al. (2004). Those authors reported prolonged PT 
and APTT associated with reduced coagulation factors; VII, 
IX, and X, and natural anticoagulants such as Protein C, 
Protein S, and AT.

In the current study, after CM and CU treatment in the 
MTX-M ans MTX-U groups of animals, there was unexpected 
further reduction in AT levels and increased prolongation in 
PT and APTT in the treated animals. This couldn’t be attrib-
uted to the decreased AT production because the improved 
synthetic liver function was demonstrated by increased 
serum total proteins, albumin, and fibrinogen levels. 
However, these changes in AT in MTX-M and MTX-U groups 
could reflect an increased consumption of AT or buffering of 
its action by the heparin like molecules present in the CM 
that could be also excreted in CU (Alhaider et al., 2013).

Oxidative stress has emerged as a key player in the 
pathogenesis of methotrexate-induced hepatotoxicity. Lipid 
peroxidation plays a vital role in the damage to the cell 
membrane through reactive oxygen radicals. methotrexate 
toxicity has been shown to increase malondialdehyde 
(MDA), an important index of lipid peroxidation in experi-
mental studies, and this increase has been shown to be 
suppressed by antioxidant therapies (Dar et al., 2021; 
Malayeri et al., 2022).

In the current study, the methotrexate-treated animals 
showed marked reduction in their TAC. The latter showed 
significant inverse correlation with early markers of liver 
injury DFF-40 and CK-18 and with the traditional liver 
enzymes ALT, AST, and ALP. This indicates that oxidative 
stress and lack of the antioxidative activity play role in the 
methotrexate-induced liver injury. Additionally, TAC levels 
were directly correlated with serum albumin level, which 
means that the synthetic liver function is related to the TAC.

Table 3. Pearson’s correlation studies between the liver function parameters (AST, ALT, albumin, and fibrinogen), the total antioxidant capacity (TAC) and the 
apoptotic markers (CK-18 and DFF-40) in the studied groups.

AST ALT Albumin Fibrinogen TAC CK-18 DFF-40

AST r = 0.60 r = −0.39 r = −0.038 r = −0.45 r = 0.35 r = 0.56
p = .005* p = .02* p = .02* p = .006 p = .03* p = .004*

TAC r = −0.45 r = −0.35 r = 0.73 r = −0.008 r = 0.38 r = −0.39
p = .006* p = .039* p = .007* p = .96 p = .02* p = .02*

AST, aspartate aminotransferase; ALT, alanine aminotransferase; TAC, total antioxidant capacity; CK-18, cytokeratin-18; DFF-40, DNA fragmentation factor-40. 
(r = −1 to 1), the correlation is significant * at p < .05. 
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Administration of CM and CU to methotrexate-treated 
animals resulted in marked increase in the TAC which sur-
prisingly exceeded the levels in the control animals. The 
current findings of increased TAC after CM treatment are in 
accordance with similar results obtained in different acute 
and chronic health problems including DM (Abdalla, 2018; 
Korish, 2014) and alcoholic and non-alcoholic hepatitis 
(Elhag et al., 2017; Korish & Arafah, 2013).

Similarly, protective effects of CU were reported against 
CCL4 hepatotoxicity (Elhag et al., 2017; Mahmoud et al.,  
2019) and cisplatin nephrotoxicity (Mahmoud et al., 2020) 
due to its strong ability to prevent the release of free radi-
cals, scavenge the ROS, stimulate antioxidative enzymes 
catalase (CAT), and superoxide dismutase (SOD) activities, 
and increase levels of reduced glutathione (GSH).

Multiple disease problems can arise due to abnormal 
apoptosis. The DNA fragmentation (DFF-40) and CK-18 are 
used for detecting and characterizing cellular apoptotic pro-
cesses (Majtnerová & Roušar, 2018). They have short half-life 
as compared to ALT, AST, ALP, and bilirubin which are used 
routinely to detect liver injury (Atkinson et al., 2020; Jaeschke 
et al., 2018). Therefore, DFF-40 and CK-18 accurately 
reflected early hepatocyte cellular injury in alcoholic hepati-
tis (Atkinson et al., 2020; Vatsalya et al., 2020), alcoholic fatty 
liver (Joka et al., 2012), acetaminophen toxicity (Antoine 
et al., 2020) and after therapeutic doses of anti-tuberculosis 
drugs (Thulin et al., 2014) injury.

The current study showed increased levels of DFF-40 and 
CK-18 in the MTX-treated animals which could be considered 
indirect biomarkers of mitochondrial dysfunction that reflect 
hepatocyte cellular injury (Jaeschke et al., 2018; Korver et al.,  
2021). The increased DFF-40 is due to upregulation of mRNA 
expression of CASP-3 gene (Hassan et al., 2015) and activa-
tion of caspases as indicated by the cleavage of the pro- 
enzymes and the increased respective enzyme activities 
(Jaeschke et al., 2019). The findings of our study were in 
accordance with recent reports of increased tissue caspase 
activity and DFF-40 in methotrexate (Awad et al., 2018) and 
acetaminophen (Jaeschke et al., 2018) hepatotoxicity.

The findings of the present study showed powerful anti-
apoptotic and anti-necrotic effect of CM and CU in protect-
ing the liver against methotrexate toxicity as evidenced by 
the decreased levels of DFF-40 and CK18 levels in the MTX-M 
and MTX-U groups of animals. This could be related to their 
antioxidative properties that stabilizes the mitochondrial 
membrane and prevents its rupture and release of the mito-
chondrial enzyme, and thus stops the caspase activation and 
the DNA fragmentation (Xue et al., 2014). Furthermore, the 
antiapoptotic effect of CM was also recently reported against 
cyclosporin-induced nephrotoxicity through the inhibition of 
Nrf2/HO-1 and AKT/eNOS/NO pathways and increasing the 
renoprotective nitric oxide production (Arab et al., 2021).

Strengths and limitations

The current study investigated both CM and CU on the same 
model of liver toxicity. Up to the limit of our knowledge, we 
investigated for the first time, the antiapoptotic effect of CM 
and CU in methotrexate-hepatotoxicity. The current findings 
address multiple new actions of the camel-derived products 
including their abilities to counteract apoptosis, oxidative 
stress and hyperglycemia induced by methotrexate. These 
effects were associated with marked increase in TAC of the 

body. This helps us to give evidence of the powerful protective 
effects of the naturally derived CM and CU in overcoming the 
hepatotoxic effects of methotrexate. However, limited finan-
cial resources is an important limitation of our study, as other 
coagulation factors, natural anticoagulants and lipid peroxida-
tion products, could not be measured.

Conclusion

The present findings clarified that the naturally derived CM 
and CU exerted a cytoprotective, antiapoptotic, antioxida-
tive, antihyperglycemic and anticoagulant effects in metho-
trexate-induced hepatotoxicity. Therefore, administration of 
CM and CU either separately or in combination could be 
beneficial as an adjuvant therapy in combination with meth-
otrexate to counteract its toxic effects. However, future 
large-scale clinical trials are needed to confirm the health 
benefits of CM and CU in the protection against methotrex-
ate-induced liver injury in humans.
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