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Abstract Background: Amethopterin is a folic acid antagonist which used as a chemotherapeutic agent and its
anti-oxidant activity is used to treat many cancer types. This study aimed to determine the possible protective effects
of L-carnitine against Amethopterin induced large intestine toxicity. Methodology: A total 60 male albino rats were
equally divided into six groups; the first and second groups were the control and L-carnitine groups respectively
while the 3rd group was Amethopterin rat group; the 4th and 5th groups were co- and post- treated Amethopterin rat
with L-carnitine respectively and the 6th group was self treated Amethopterin rat group. Results: Glutathione,
catalase and total protein levels in Amethopterin and self-treated groups showed a significant decrease when
compared with control group, while MDA levels in Amethopterin and self-treated groups showed a significant
increase when compared with control group. Many of abnormalities as colonic epithelial cell damage in the form of
epithelial separation, cellular loss, congestion of blood vessels, crypt hyperplasia and focal depletion of goblet cells
were detected in large intestine tissues in Amethopterin rat group (Amethopterin and self-treated groups). A
significant increase of the apoptotic protein p53 and a significant decrease in the antiapoptotic Bc1-2 proteins after
Amethopterin injection when compared with control group was observed. Conclusions: Treatment (Co- and post-)
with L-carnitine were improved the biochemical, histopathological and immunohistochemical alterations in large
intestine that treated with Amethopterin.
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1. Introduction
Amethopterin (methotrexate, MTX) is a folic acid
antagonist which used as a chemotherapeutic agent and its
anti-oxidant activity is used to treat many cancer types
[1,2,3,4]. Amethopterin inhibits dihydrofolate reductase,
which is an essential enzyme for DNA and RNA
synthesis. One of the most common limiting factors
preventing further dose escalation of Amethopterin is
gastrointestinal toxicity [5,6,7]. Amethopterin enters the
cell via active transport across the reduced folate carrier
and is effluxes from the cell by several of the ATP-binding
cassette transporters [8]. There are other synonyms for
Amethopterin such as Metatrexate, Metatraxan, Mexate,
Rheumatrex, Trexall, Abitrexate, Antifolan, Folex, Tremetex.
Oxidative stress is known to appear because of an
imbalance between the production and degradation of
ROS in tissues. ROS-induced injury is well characterized
and includes DNA base oxidation, lipid peroxidation, and
protein oxidation [9]. Levels of both enzymatic and nonenzymatic anti-oxidants are inhibited and the levels of
oxidants increase in the heart, testes, liver, kidney, lung
and gut tissues of laboratory animals given Amethopterin
[4,6,10-16]. Since the cytotoxic effect of Amethopterin is

not selective for cancer cells, it also affects the normal
tissues that have a high rate of proliferation, including the
hematopoietic cells of the bone marrow and the actively
dividing cells of the gut mucosa. Thus, one of the major
toxic effects of Amethopterin is intestinal injury and
enterocolitis [6].
L-carnitine (4-N-trimethylammonium-3-hydroxybutyric
acid) is a natural nutrient that transports long-chain fatty
acids into the mitochondria, where they are oxidized to
produce adenosine triphosphate and prevent the toxic
accumulation of long-chain fatty acids [17-22]. Recent
studies suggest that L-carnitine may play an important role
in oxidative/antioxidative balance and has an antiperoxidative
effect on several tissues [4,21,22,23,24]. Therefore, the
present study aimed to study the protection and
ameliorating role of L-carnitine in the physiological,
histopathological and immunohistochemical altrations
in Amethopterin induced large intestine toxicity in male rat.

2. Materials and Methods
2.1. Animals
The experiments were performed on 60 male albino rats
weighing 140 -150 gm and of 9-10 week’s age. They were
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obtained from our laboratory farms, Zoology Department,
Faculty of Science, Tanta University, Egypt. The rats were
kept in the laboratory for one week before the
experimental work and maintained on a standard rodent
diet (20% casein, 15% corn oil, 55% corn starch, 5% salt
mixture and 5% vitaminzed starch; Egyptian Company of
Oils and Soap Kafr-Elzayat Egypt) and water available ad
labium The temperature in the animal room was
maintained at 23±2°C with a relative humidity of 55±5%.
Light was on a 12:12 hr light -dark cycle. The
experimental protocol was approved by Local Ethics
Committee and Animals Research.

2.2. Animal Grouping
Sixty rats were equally divided into six groups (10
animals each).
G1: Control group in which animals did not received any
treatment.
G2: L-carnitine or positive control group in which animals
received L-carnitine (Mepaco Co., Egypt; 500 mg/Kg
body weight/day) orally by stomach tube for four weeks
according to Sener et al. and Salama et al [6,22].
G3: Amethopterin group in which rats were injected
intraperitoneally with Amethopterin (Ebewe Co., Egypt;
0.5 mg/kg body weight/twice a week) for four weeks
according to AL-Motabagani and Tousson et al [4,25].
G4: Co-treated group in which animals were injected
intraperitoneally with Amethopterin (0.5 mg/kg body
weight/twice a week) plus received orally L-carnitine
(500mg/Kg body weight/day) for four weeks.
G5: Post-treated group in which animals were injected
intraperitoneally with Amethopterin (0.5 mg/kg body
weight/twice a week) for four weeks and then treated
orally with l-carnitine (500 mg/Kg body weight/day) for
another four weeks.
G6: Self-treated rat group in which rats were injected
intraperitoneally with Amethopterin (0.5 mg/kg body
weight/twice a week) for four weeks and left for another
four weeks without receiving any treatment.

2.3. Preparation of Tissue Homogenates
At the end of the experimental period, rats were fasted
overnight and for clinical chemistry. Rats were and
weighed and euthanized with intravenous injection with
sodium pentobarbital and subjected to a complete
necropsy. After scarification of rats large intestine was
quickly removed and weighed after removed any debris
from tissues carefully. Specimens were separated into two
parts. Each piece was weighed and homogenized
separately with a 3 Potter Elvenhjem tissue homogenizer.
One part was homogenized in phosphate buffer (pH 7.0)
for estimation of protein content and catalase enzymes
activities levels; the second was 10% w/v large intestine
homogenate in ice-cold saline for estimation of MDA and
GSH levels. The crude tissue homogenate was centrifuged
at 11,739 g, for 15 minutes in a cold centrifuge, and the
resultant supernatant was used for different estimations.

2.4.
Enzymatic
Antioxidant Assays

and

Non-enzymatic

Catalase: The catalase (CAT) activity was measured
by monitoring H2O2 (The substrate of the enzyme)
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decomposition at 240 nm according to the method
described by Aebi [26].
MDA assay: Malondialdehyde (MDA), a noxious
product of lipid peroxidation, was detected by TBARS
analysis and measured as reported by Saggu et al. [27].
The MDA results were expressed as the nmol/mg protein.
Reduced GSH: GSH content was determined with
dithionitrobenzoic acid using the method described by
Beutler et al. [28] and was expressed in μmol GSH/mg
protein. The method is based on the reduction of DTNB to
produce a yellow compound. The reduced chromogen is
directly proportional to GSH concentration and its
absorbance can be measured at 412 nm.
Total protein: Total protein content in tissue
homogenate was measured according to the method of
Lowry et al [29].

2.5. Histopathological Investigation
Immediately after decapitation animals were dissected,
large intestine from different groups were quickly
removed, washed in 0.9 saline solutions and simples of
large intestine were fixed in 10 % neutral buffered
formalin. After fixation, specimens were dehydrated in an
ascending series of alcohol, cleared in two changes of
xylene and embedded in molten paraffin (mp. 50–58°C).
Sections of 7 microns thickness were cut using rotary
microtome and mounted on clean slides. Sections were
stained with Ehrlich's haematoxylin and counterstained
with eosin as a routine method after Bancroft and Stevens
[30].

2.6. Immunohistochemical Detection of p53
and Bc1-2
Expression of p53 and Bc1-2 immunoreactivities (p53ir and Bc12-ir) was detected using avidin Biotin Complex
(ABC) method [4,31,32]. Paraffin sections (5μm thick) of
fixed rat large intestine that mounted on gelatin
chromalum–coated glass slides were dewaxed and
rehydrated sections were washed in distilled water for 5
min, rinsed in PBST for 10 min and incubated with 10%
normal goat serum for 15 min to reduce non-specific
background staining. Then, the sections were incubated
with anti-rabbit p53 or anti-rabbit Bc1-2 (monoclonal
antibody (Dako, 1:80 and 1:2000 respectively) for 1-2
hours at room temperature. The sections after 5 baths in
PBST were incubated with biotinylated goat anti-rabbit
immuoglobulin (Nichirei, Tokyo, Japan). The sections
after 5 baths in PBST were further incubated with Avidin
Biotin Complex (ABC: Nichirei, Tokyo, Japan) for 1 hour
at RT. The reaction was developed by using 20 mg 3-3´diaminobenzidine tetrahydrochloride (DAB, Wako pure
chemical industries, Ltd) in 40 ml PBST, pH 7.2
containing 10 ml of hydrogen peroxide (H2O2) for 7-9 min
at a dark room followed by distilled water then dehydrated
and mounted. The criterion for a positive reaction
confirming the presence of p53 and Bcl-2 is a dark,
brownish, intra cytoplasmic precipitate. For the negative
control, the primary antibody was omitted to guard against
any false positive results which might develop from a nonspecific reaction. Brightness, contrast were adjusted using
Adobe Photoshop software. Image analysis was adjusted
using PAX-it image analysis software.
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2.7. Statistical Analysis
Data were expressed as mean values ± SEM and
statistical analyses were performed using SPSS statistical
version 16 software package (SPSS® Inc., USA). The
criterion for statistical significance was set at p<0.01.

3. Results
3.1. Toxicity
The animals under practice appeared healthy and show
no clinical signs of disease and mortality was recorded
during the exposure to L-carnitine. Various side effects
were observed in animals treated with Amethopterin such
as 4% mortality, loosing of body weight, loss of activity,
weakness, yellowish body hair, diarrhea and bleeding
around eyes.

3.2. Biochemical Investigations
Figure 1 shows that; MDA levels in Amethopterin
group (G3) showed significant increase when compared
with control (G1) and L-carnitine (G2) groups. On the

other hand, glutathione (GSH), total protein and catalase
levels in Amethopterin group (G3) showed significant
decrease when compared with control (G1) and Lcarnitine (G2) groups. In contrast, MDA levels in treated
Amethopterin group with L-carnitine group (G4&G5)
were significantly decreased when compared with
Amethopterin group (G3) while GSH, total protein and
catalase levels in treated Amethopterin group with Lcarnitine group (G4&G5) were significantly increased
when compared with Amethopterin group (G3). MDA
levels in co-treated Amethopterin group with L-carnitine
group (G4) were significantly decreased when compared
with post treated Amethopterin group with L-carnitine
group up (G5) while GSH, total protein and catalase levels
in co-treated Amethopterin group with L-carnitine group
(G4) were significantly increased when compared with
post treated Amethopterin group with L-carnitine group
up (G5). On the other hand, Glutathione, total protein and
catalase levels in self-treated group (G6) showed
significant decrease when compared with Amethopterin
group (G3) while, MDA levels in self-treated group (G6)
showed significant increase when compared with
Amethopterin group (Figure 1).

Figure 1. Changes in MDA, GSH, total protein and catalase levels in large intestine in different groups under study. Data are expressed as mean ±
S.E.M of 10 observations. Significant difference from the control group (G1) at *p<0.05. Significant difference from Amethopterin group (G3) at
#
p<0.05. Where G1, Control group; G2, L-carnitine group; G3, Amethopterin group; G4, Co-treated Amethopterin group with L-carnitine; G5, Posttreated Amethopterin group with L-carnitine; G6, Self-treated Amethopterin group

3.3. Effect of Amethopterin on Histopathology
On Large Intestine
Examination of sections stained with H & E showed no
differences in colonic mucosal structure between control
(G1) and L-carnitine (G2) groups, all of which showed
normal histological appearance (Figure 2A & Figure 2B).
The colonic mucosa showed normal intestinal crypts lined
by epithelial columnar cells and goblet cells. The lamina

propria contained few mucosal mast cells full of
cytoplasmic granules (Figure 2A & Figure 2B). Light
microscopy of the rat large intestine sections in
Amethopterin group (G3) raveled colonic epithelial cell
damage in the form of epithelial separation, cellular loss,
congestion of blood vessels, crypt hyperplasia and focal
depletion of goblet cells as well as mononuclear cellular
infiltration in lamina propria. These inflammatory cells
included macrophages, fibroblasts, and plasma cells
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(Figure 2C). Co-treatment of Amethopterin rats with Lcarnitine for four weeks revealed more or less normal
mucosal structure with a few inflammatory cells and mild
congestion of blood vessels (Figure 2D). Large intestine
sections on post-treatment of Amethopterin rats with L-
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carnitine revealed mild to moderate colonic epithelial cell
damage, atrophy and mild crypt hyperplasia (Figure 2E).
Large intestine sections of self treated rats revealed severe
tissue injury as marked colonic epithelial cell damage and
strong congested blood capillaries (Figure 2F).

Figures 2(A-F). Photomicrographs of the rat large intestine sections stained by HE. A&B: Micrographs from control and L-carnitine groups revealed
normal structure. C: Micrograph of the large intestine in Amethopterin rat group revealed many of abnormalities as colonic epithelial cell damage in the
form of epithelial separation, cellular loss (arrow heads), congestion of blood vessels, crypt hyperplasia and leukocyte infiltration (arrows). D:
Micrograph of the large intestine in Co-treatment of Amethopterin rats with L-carnitine revealed more or less normal mucosal structure with a few
cellular loss (arrow heads), a few inflammatory cells and mild congestion of blood vessels. E: Micrograph of the large intestine in post treatment of
Amethopterin rats with L-carnitine revealed mild to moderate colonic epithelial cell damage, atrophy and mild crypt hyperplasia. F: Micrograph of the
large intestine in self treatment revealed severe tissue injury as marked colonic epithelial cell damage and strong congested blood capillaries

3.4. Immunohistochemical Examination of
Large Intestine Tissue
3.4.1. P53 Immunoreactivity in Rat Large Intestine
Figure 3A - Figure 3F) and Table 1 showed the
detection and distribution of p53 immunoreactivity (P53-ir)
in the large intestine in the different groups under study.
P53 is a nuclear phosphoprotein which acts as a tumor

suppressor. Large intestine in control and L-carnitine
groups showed finite reaction for p53-ir (grade 1). Severe
positive reaFigure ctions for p53-ir (grade 4) were
detected in Amethopterin and self- Amethopterin treated
rat groups (Figure 3A - Figure 3C, Figure 3F). Moderate
(grade 3) to mild (grade 2) positive reactions for p53-ir
were observed in the large intestine in Co-treated and
post-treated rats with L-carnitine (Figure 3D & Figure 3E)
respectively.
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Figures 3(A-F). A-F High power micrographs of the rat large intestine stained by P53-ir. A&B: Negative or faint p53-ir reaction in control and Lcarnitine respectively. C: Severe positive reactions for p53-ir in Amethopterin group. D&E: Moderate to mild positive reactions for p53-ir in Co-treated
and post treated rats with L-carnitine respectively. F: Moderate positive reaction for p53-ir in self treated rats

3.4.2. Bcl2 Immunoreactivity in Rat Large Intestine
Figure 4A - Figure 4F) and Table 1 show the detection
and distribution of Bcl2-ir immunoreactivity (Bcl2-ir) in
the large intestine tissues in the different groups under
study. large intestine in control and L-carnitine groups
showed marked positive reaction for Bcl2-ir (grade 4) as
in Figure 4A & Figure 4B).
Mild positive reactions for Bcl2-ir (grade 1) were
detected in the large intestine sections in Amethopterin rat
group (Figure 4C). The intensity of Bcl2-ir in the rat large
intestine sections in Amethopterin group was significantly
decreased when compared with control rat. Moderate
(grade 3) to mild (grade 2) positive reactions for Bcl2-ir
were observed in the large intestine in co-treated and posttreated rats with L-carnitine (Figure 4D & Figure 4E)
respectively. On the other hand; the intensity Bcl2-ir were

stay mild to moderate positive reaction (grade 2) in selftreated large intestine sections when compared with treated
Amethopterin rats with L-carnitine groups (Figure 4F).
Table 1. Changes in P53 and Bcl2 expressions in large intestine
sections in different groups under study
P53
Bcl2
G1
1
4
G2
1
4
G3
4
1
G4
3
3
G5
2
2
G6
3
2
Data are expressed as mean ± S.E.M of 5 observations. G1, Control
group; G2, L-carnitine group; G3, Amethopterin group; G4, Co-treated
Amethopterin group with L-carnitine; G5, Post-treated Amethopterin
group with L-carnitine; G6, Self-treated Amethopterin group. where 0,
Negative reaction; 1, light reaction; 2, mild reaction; 3 moderate reaction;
4, strong reaction.
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Figures 4(A-F). A-F High power micrographs of the rat large intestine stained by Bcl2-ir. A&B: Severe positive Bcl2-ir reaction in control and Lcarnitine respectively. C: Faint to mild positive reactions for Bcl2-ir in Amethopterin group. D&E: Moderate to mild positive reactions for Bcl2-ir in
Co-treated and post treated rats with L-carnitine respectively. F: Mild positive reaction for Bcl2-ir in self treated rats

4. Discussion
Chemotherapy commonly produces structural and
functional damage to the intestinal mucosa in cancer
patients [33] and in patients with rheumatoid arthritis [34].
Amethopterin (MTX), is an antineoplastic agent used to
fight a number of different cancers, such as acute
lymphoblastic leukemia and solid cancers, due to its
inhibitory effect on de novo purine and pyrimidine
synthesis through dihydrofolate reductase inhibition [35].
On the other hand, substantial evidence supports the
concept that Amethopterin was mutagenic and
carcinogenic in animals. And the efficacy of this
compound is often limited by its severe gastrointestinal
toxicity [6,7,36,37,38]. Amethopterin is recognized as the
most effective of the traditional disease modifying
antirheumatic drugs but it has several toxicities.

This study conducts a biochemical, histopathological
and immunohistochemical investigation into whether Lcarnitine has a protective and ameliorated effect on
Amethopterin -induced large intestine damage in male rats.
The results of the studies indicate that Amethopterin
causes oxidative tissue damage by increasing lipid
peroxidation in the large intestine tissues and decreasing
the level of antioxidant enzymes. Moreover, the
histopathological and p53 and Bcl2 alterations supported
this conclusion. It has also been shown that L-carnitine
given for 28 days with or after the Amethopterin
application provided significant protection from the large
intestine damage of Amethopterin. In current study, there
was a significant.
Many aspects of the pathophysiology are mediated by
oxidative stress [20,39,40]. In the present study,
Amethopterin significantly altered the oxidant/antioxidant
balance. In the current study, MDA levels in
Amethopterin group were significantly increased unlike
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glutathione, catalase and total protein levels which were
significantly decreased when compared with control group.
So, Amethopterin increased MDA level accompanied with
decreased GSH content and CAT activities. Similar results
were previously reported by other investigators [10,41].
Oxidative stress or oxidative cellular damage with its dual
of free radical generation and profound lipid peroxidation
are hallmarks of Amethopterin toxicity [42]. Amethopterin
induces oxidative stress in tissues as demonstrated by
increasing MDA levels [10,11].
MDA, as an end product of lipid peroxidation, usually
used to estimate the extent of lipid peroxidation. The high
level of MDA in the Amethopterin and self-treated groups
in large intestine tissues indicates that Amethopterin gives
rise to oxidative stress in colonic tissue. Our current
results agree with Vardi et al. [43] who reported that,
oxygen radicals and hydrogen peroxides have been
associated with the many side effects of Amethopterin and
these free radicals trigger cell damage through binding to
cellular macromolecules. It has been shown that many
pathological conditions that resulted in elevation of MDA
due to lipid peroxidation were prevented by L-carnitine
[44,45]. The increase lipid peroxidation responsible for
the formation of lipid hydroperoxides.
GSH is considered to be one of the most very important
components of the antioxidant defense of living cells. The
reduced tri-peptide GSH is a hydroxyl radical and singlet
oxygen scavenger, and participates in a wide range of
cellular functions [15]. Actually, the nadir in colonic GSH
content promoted by Amethopterin represents an
alteration in the cellular redox state, suggesting that the
cells could be more sensitive to reactive oxygen
metabolites and leads to a reduction in the effectiveness of
the antioxidant enzyme defense system [46,47]. Also in
the same way and supported for earlier results; GSH, total
protein and catalase levels in self treated group showed
significant decrease when compared with Amethopterin
group while, MDA levels in self-treated group showed
significant increase when compared with Amethopterin
group. Our results not agreed with Ciralik et al. [48] who
observed an increase in reduced glutathione levels, also
observed increased activities of catalase of the tissue
induced by Amethopterin. Catalase acts as a preventative
antioxidant whereas it catalyses the reduction of H2O2 and
plays an important role in protection against the
deleterious effects of lipid peroxidation, ROS and
hydroxyl radicals caused by Amethopterin administration
[13].
In the present study, increase in the lipid peroxidation
activity due to toxic effects of Amethopterin was
accompanied by significant reduction in reduced GSH
level of the large intestine tissue, indicating the presence
of oxidative tissue damage. lipid peroxidation, mediated
by oxygen free radicals is believed to be an important
cause of destruction and damage to cell membranes [6,49].
Our results showed that L-carnitine exhibited anti-oxidant
effects not only on the non enzymatic defense system
(GSH), but also on the enzymatic one such as catalase.
Treatment with L-carnitine following Amethopterin
apparently increased GSH content and increased catalase
activities compared to Amethopetrin treated animals. Data
so far obtained from this study would suggest that
administration of L-carnitine after Amethopterin challenge
may have beneficial effects that could possibly be ascribed,

in part, to its regulation of the oxidant/anti-oxidant balance.
These results were supported by our histopathological
findings. Due to its high turnover rate, the epithelium of
gastrointestinal tract is susceptible to chemotherapyinduced damage, leading to the destruction of intestinal
mucosa barrier and subsequent clinical manifestations
[38,50].
In the current study, many abnormalities were reported
in the large intestine in Amethopterin group. This
alterations as colonic epithelial cell damage in the form of
epithelial separation, cellular loss, congestion of blood
vessels, crypt hyperplasia and focal depletion of goblet
cells. The mechanism by which Amethopterin causes large
intestine damage results from binding to the enzyme
dihydrofolic reductase, thus preventing conversion of folic
acid to its active form, folinic acid. This in turn blocks the
synthesis of nucleic acids, certain amino acids and indirectly
proteins. This might lead to damage of organelles and
plasma membranes with their function and allowing
leakage of enzymes. Protective mechanisms of L-carnitine
include the inhibition of mitochondrial membrane
permeability, as transition, the decrease of oxidative stress,
and the prevention of pro-apoptotic protein expression
[20]. It was also reported that antioxidant properties of Lcarnitine may be related to the transport of fatty acids into
mitochondria for β-oxidation and thus to the decrease of
lipid usage and protection of the cell membrane against
toxic reactive oxygen species (ROS) and other free
radicals [51]. Our results presented in this study show
similarity with the findings of previous studies on the
antioxidant effects of L-carnitine [52,53].
Apoptosis, or programmed cell death, is a crucial
cellular activity in the behavior of mammalian cells in a
wide range of pathophysiological conditions. There are
numerous external signals that are involved in the
regulation of the apoptosis; p53 is the one of most extensively
investigated pathways [4,54,55,56]. Immunohistochemical
observations of the large intestine tissues showed a
significant increase of the apoptotic protein p53 and a
significant decrease in the antiapoptotic Bc1-2 proteins
after Amethopterin injection.
An inverse correlation was found between the
expression of Bcl-2 and p53 proteins in our results.
Similar bidirectional changes of protein expression
patterns of bcl-2 and p53 were also observed by Tousson
et al. and Diebold et al. [4,32,57] although Diebold et al.
[57] failed to reveal any correlation between the
expressions of these two proteins. So, the increasing of
p53 apoptotic cells and the decreasing Bcl-2 antiapoptotic
cells in the present study reveal the possibility of the
apoptosis occurrence after Amethopterin administration.
Our results showed that, the expression of bcl-2 increased,
cancer cells would resist the apoptosis induced by
chemical drugs or radiation during therapy. Amethopterin
acts as a dihydrofolic acid analogue that binds to the
dihydrofolic acid reductase enzyme by inhibiting the
synthesis of tetrahydrofolate, which is required for DNA
synthesis [46].
L-carnitine can carry long chain fatty acyl groups into
mitochondria for beta-oxidation [58]. We can conclude
that co-treatment prevented oxidative damage by inhibiting
ROS production and improving antioxidant enzymes.
While, post-treatment regulated the oxidant/antioxidant
balance and neutralized the toxic side effects caused by
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Amethopterin induced oxidative stress. Concurrently, cotreatment acted with more effectiveness than posttreatment. Thus, our study provides important evidences
for experimental and clinical investigations about the role
of the co- and post- ways of treatment against the toxic
side effects of Amethopterin therapeutics. Also, we
recommend to propose directions for further studies in the
near future.
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