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Abstract
Methotrexate (MTX) analogue of folic acid is an anti-cancerous drug that has been used from
many years for treatment of important diseases like rheumatoid arthritis and ectopic pregnancy.
This study was performed to evaluate the gross anomalies of chicken embryos after the
exposure of MTX on different development stages. A total of 144 eggs were divided into six
groups with eight eggs in each group and exposed different dose concentrations viz, control
(group 1) 5 µl (Group 2), 10 µl (Group 3), 15 µl (Group 4), 20 µl (Group 5), 25 µl (Group 6).
Gross anomalies of chick embryo regarding embryo’s body weight, body length, wings length,
hind limbs length, beak length and head diameter were examined on 12th, 15th and 18thdays
after incubation. The results of mean values of 12th , 15th and 18th day old chick embryos
exposed to 5 µl and 10 µl MTX showed non-significant effect (P>0.05) on embryo’s body
weight, body length, wings length, hind limbs length, beak length and head diameter of all
groups with respect to control. While MTX with concentration of 15 µl showed significant
effect (P<0.05) on the hind limb length of chick embryo. Group 3 individuals (15 µl) were
found with removed hairs on the neck area, slow movement of embryo after hatching and poor
feeding in chicks. Moreover, among most frequent abnormalities, hind limb lengths, body
length and body weight at 15 µl were found reduced in size. Group 4 and group 5 with 20 µl
and 25 µl dose concentration respectively caused complete termination of chick embryos.
Keywords: Chick embryo; Embryonic stages; Gross abnormalities; Methotrexate
being used for the treatment of
Introduction
Methotrexate (MTX), an analogue of folic
inflammatory diseases because it has the
acid, is an amethopterin drug having a
ability to affect immune signaling and on
chemotherapeutic agent in it and is being
the process of DNA synthesis; both are
used for the treatment of rheumatoid
responsible for the reduction of the
arthritis,
ectopic
pregnancy,
acute
inflammation process [1].
lymphoblastic leukaemia. This drug is also
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A serious disease, called rheumatoid
arthritis, commonly found in humans is
being cured by MTX.
In European
countries, this drug is also thought to be
best treatment for another disease, called
psoriasis condition. Psoriasis disease is
characterized by abnormal production of
skin cells due to autoimmune disorder by
leaving patient’s skin scaly and thick [2].
Although MTX is considered as safe
medication, it induces some acute and
chronic disorders. Neurotoxicity and
central immune organs damages are the
major side effects of MTX [3, 4]. Another
abnormality caused by MTX is the renal
toxicity causing vasoconstriction of
arterioles, reduction in embryo mass and
tarsus length [5, 6]. Hematologic toxicity is
also a problem faced after MTX
administration [7] while it also affects the
formation of primordial follicles [8].
Vatansever [9] described the results of
MTX effect on chick neural tube in which
application of this drug caused retardation
in general embryonic progress and further
retardation in the development of the neural
system by impairing the folate metabolism
at the cellular level, which ends in an open
neural tube. Natekar [10] revealed in his
research that MTX has the ability to induce
the gross malformations in chick embryo
i.e. growth retardation, beak deformity,
limb deformities, short wings and
sometimes immediate death.
Objective of the present study was to
evaluate the gross structural anomalies
regarding chick embryo length, weight,
wing length, hind limb length, beak length
and head diameter. Dose and time specific
abnormalities after MTX exposure were
investigated.
Materials and methods
Handling of chick eggs
A total of 144 fertilized, fresh, White
Leghorn chicken breed eggs were taken
from the Govt. poultry farm Bahawalpur,
Punjab, Pakistan. Eggs were distributed in
the six groups viz. Group 1, Group 2, Group
3, Group 4 and Group 5 and Control group.
Group names were assigned according to

the dose concentration level from lower to
higher viz. Group 1 (5 µl), Group 2 (10 µl),
Group 3 (15 µl), Group 4 (20 µl), Group 5
(25 µl) and control group (non-treatment
group). Eight replicates were taken in each
group. Eggs were cleaned with ethanol and
then kept in the incubator. Incubation of
eggs started from the next day of hatching
and the doses were injected to the eggs on
the 5th day of incubation. For the injection
purpose firstly eggs were removed from the
incubator and kept in the room for two
hours then again cleaned with cotton
soaked with 70% ethanol. After gentle
cleansing, eggs were kept in the trays which
were also cleaned by 70% ethanol. For
identification of all eggs, with the help of
markers, eggs were marked and labeled
accordingly into 6 groups. After labeling,
airsacss were localized with the help of a
torch and then a hole of 2mm was made in
the airsac of each replicate by egg driller.
One 10 mg tablet of MTX was taken and
pasted into powder form properly. It was
weighed again and then dissolved in the
10ml of distilled water. From this solution,
all the injections of doses were taken
directly. After injections, the eggs were
sealed by paraffin wax. All eggs were
placed in the room temperature for two
hours and then shifted to the incubator. The
first sacrifice of eggs was done on the 12th
day of incubation. On that day, all the six
groups were sacrificed and measurements
of all listed parameters were taken very
precisely and carefully. The whole
experiment method was repeated three
times, only the sacrifice day was changed
i.e. 12th, 15th and 18th day of incubation
respectively. From the injection day, no
sacrifice was done and hatching of chicks
occurred in the incubator on the 20th day.
All experimental protocols and animal
handling procedures were approved by
ethical review board of The Islamia
University of Bahawalpur, Pakistan.
Examinations of chick embryos
Eight eggs from each group were taken out
on the 12th day, 15th and 18th day. After
cracking the eggs, the embryo was
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separated from the egg yolk and kept in the
Petri dish for proper examination. Embryo
body length, body weight, head diameter,
beak length, wing length and hind limbs
length was measured very carefully. All
measurements were taken by the standard
six inches scale.
Statistical analysis
Graphpad Prism ver 5.04 (GraphPad
Software, Inc.) was used for graphs and
statistical analysis. All MTX-treated
group's means and standard deviation
values regarding all listed parameters were
calculated in relation to the control group.
The Bonferroni Multiple Comparative Test
was used in the form of one-way ANOVA.
All the dose concentrations related
deformities and abnormalities were
examined in relation to control and
treatment groups.
Results
Effect of MTX on mortality is show in
(Figure 1). Control and group 2, 3 and 4 did
not any mortality with 0, 5, 10 and 15 µl
MTX doses. However, embryos of group 5
and 6 with MTX doses of 20 and 25 µl were
terminated completely on 12th day after
incubation and hence were not used for
further endpoints scored in the present
study.
Effect of MTX on chick embryo (12th day)
is shown in (Figure 2). The data indicated
that embryo weight was reduced
significantly (P<0.05) in all the doses as
compared to control. Similarly, there was a
significant difference among the three
doses as well. Embryo body length was also
reduced significantly (P<0.05) in group 2
and 3 while group was not significantly
different from the control. Embryo wing
length was reduced significantly (P<0.05)
only in case of group 4, while group 2 and
3 were not significantly different as
compared to control. Embryo hind limb
length was reduced significantly (P<0.05)
in group 3 and 4 as compared to control
while group 1 was not significantly
different from control group. There was no
significant difference for Embryo beak
length between control and all doses tested

(P>0.05). Embryo's head diameter was
reduced significantly (P<0.05) in group 3
and 4 while group 2 was not significantly
different as compared to control.
Effect of MTX on chick embryo (15th day)
is shown in (Figure 3). It was found that
embryo weight was reduced significantly in
dose-dependent manner (P<0.05) in all
doses groups as compared to control. Body
length was also reduced significantly
(P<0.05) in all the doses as compared to
control. However, no significant difference
was found among any treated groups.
Embryo’s wing length was reduced
significantly (P<0.05) in all dose groups as
compared to control (P<0.05). There was a
no significant difference among any dose
groups tested. Embryo hind limb length was
reduced significantly (P<0.05) in group 2
and 3 while group 2 was not different as
compared to control. Embryo beak length
of control was not significantly different
from any of the groups tested with MTX
(P>0.05). Embryo’s head diameter was
reduced significantly (P<0.05) in group 2
and 3 but not with group 1 as compared
with control. However, one way ANOVA
revealed no significant difference between
dose 2 and dose 3 groups but significantly
reduced as compared with dose 1 group.
Effect of MTX on chick embryo (18th day)
is shown in (Figure 4). Our results indicated
that, embryo weight was reduced
significantly (P<0.05) in all the doses as
compared to control. Among dose groups,
dose 1 group was significantly different as
compared to group 3 while group 2 and 3
did not differ among themselves. Embryo
body length was significantly reduced in all
the doses as compared to control. Embryo's
wing length was also reduced significantly
in all the doses as compared to control.
However, the treated groups did not differ
significantly among themselves. Embryo
hind limb length was reduced significantly
(P<0.05) in all the doses as compared to
control. Among dose groups, group 3 was
significantly different as compared to group
1 and 2 which did not differ among
themselves. Embryo beak length of control
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group was not significantly different
(P<0.05) as compared to all doses groups
tested. Embryo's head diameter was also
not affected (P>0.05) in all the doses as
compared with control group.
Taken together, the results of the present
study suggest that even lower doses such as
5 µl (Group 2) and 10 µl (group 3) caused
different kind of abnormalities in chick

embryo while higher dose 15 µl (Group 4)
produced major anomalies in chick
embryos. Group 5 (20 µl) and group 6 (25
µl) totally terminated the developing
embryo and proved as lethal doses. The
eggs having an injection of this lethal dose
produced a blackish, diminished and smelly
developing embryo.
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Figure 1. Effect of MTX on mortality: no mortality was observed in control group as well
as Group 1, 2 and 3 having MTX dose of 5, 10 and 15 µl respectively. Group 5 and 6
representing MTX doses of 20 and 25 µl were terminated completely showing 100%
mortality score
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Figure 1. The Mean±SEM of all parameters on 12th day embryos at different levels of
MTX doses. Different superscript letters indicate significant difference (P<0.05) as
assessed by one-way ANOVA followed by a Bonferroni multiple comparison test
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Figure 2. The Mean±SEM of all parameters of 15th day embryos at different levels of
MTX doses. Different superscript letters indicate significant difference (P<0.05) as
assessed by one-way ANOVA followed by a Bonferroni multiple comparison test
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Figure 3. The Mean±SEM of all parameters of 18th day embryos at different levels of
MTX doses. Different superscript letters indicate significant difference (P<0.05) as
assessed by one-way ANOVA followed by a Bonferroni multiple comparison test
A number of studies have been conducted
on the harmful effects of MTX in human
morphology and anatomy. Powell and
Ekert [11] conducted a study on human
beings regarding the teratogenicity caused
by MTX such as brain malformations i.e.
Spina bifidia, anencephaly and central
nervous system (CNS) anomalies. A similar

Discussion
The results from the present study are
supported by the findings of Natekar [10]
which was conducted on chick embryo and
found stunted growth, short beak, limb
deformities, scanty feathers and short wings
[10].
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study was also reported by conducted by
Buckley, Bullaboy [12]. In yet another
study by Blackburn and Alarcon [13] that
MTX induced the impotence (inability to
take effective action) when it was used in
rheumatic arthritis.
The harmful effects of MTX have been
studied in animals too. Karnofsky,
Patterson [14] found that MTX delays the
embryonic growth in chickens. Brewton
and MacCabe [15] designed a study in
chicks and resulted in limb anomalies
induced by inhibition of cell division.
Species specific effects with embryo
toxicity with cats and embryo toxicity and
teratogenicity in rats, mice and rabbits have
also been reported [16-18]. Administration
of MTX in rabbits caused hydrocephalus,
microphthalmia, cleft lip and palate,
dysplastic vertebrae and distal limb
dysplasia [18]. Studies by Wilson, Scott
[19] showed the malformations were
largely confined to caudal vertebrae in rats
following exposure to MTX.
DeSesso and Goeringer [20] revealed that
MTX injected into the rabbits caused the
most common defects such as digits and
limbs abnormalities. In a series of studies,
malformations
induced
by
cyclophosphamide in chick embryos were
observed [21-26]. The data on the effect of
MTX on other animal species is scarce,
which is why results of present study
become important to know the effects of
this important anti cancerous drug. The
major abnormalities noticed in the current
study imply that teratogenic effects are
species specific [27]. Further studies on the
effect of MTX on chicks as well as other
species might be helpful to know about
efficacy and understand the mechanism of
action of MTX.
Conclusion
Present study was conducted to investigate
the anomalies associated with chick
embryogenesis after the exposure of MTX.
This drug has been familiar to human
beings for its gestational teratogenic
effects. Animal studies have key role in
enlightening us about the mechanism

involved in developmental anomalies in
similar manner as in human beings. For this
obvious reason, a specific maternal
administration of MTX was determined
during developmental stages of chick
embryo and the outcome was evaluated and
compared with normal embryos. Further
studies are required to fully understand the
mechanism behind the anomalies observed
in the present study.
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