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ABSTRACT 

ethotrexate (MTX) is a chemotherapeutic drug that is widely used in 

the treatment of malignant tumors and rheumatic disorders. This 

work aims to study the protective effect of folic acid on the ovary 

affected by methotrexate. Materials and Methods: Sixty healthy, adult female 

albino rats were classified into six groups (10 animals each). Group I: Served 

as control group. Group II: The rats received folic acid in a daily oral dose of 

(250ug/kg b.w) for four weeks. Group III: Included rats which received an I.P 

injection of MTX (1mg/kg b.w) once weekly for four weeks. Group IV: The 

animals were concomitantly treated with MTX and FA as the same previous 

doses, period and routes of administration. Group V: The animals were 

concomitantly treated with MTX and FA as the same previous doses, routes of 

administration for eight weeks. Group VI: Included rats which received an I.P 

injection of MTX (1mg/kg b.w) once weekly for four weeks then left without 

treatment for another successive four weeks. Results: The following results 

from our study were decreased number of ovarian follicles, multiple 

degenerated and atretic follicles with vacuolation of the oocyte cytoplasm, 

disturbed oocyte in some follicles with marked apoptotic bodies inside the 

oocyte and granulosa cells. On the other hand, rats received folic acid (FA) 

following treatment with MTX revealed more or less apparent normal 

architecture. Conclusion: FA proved to have remarkable protective effect 

against toxicity of MTX by minimizing the previous degenerative changes. 
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Introduction 
             Methotrexate 

(MTX), a folic acid 

antagonist is widely used as 

a cytotoxic chemotherapeutic 

agent for malignancies as 

well as in the- treatment of 

various inflammatory 

diseases (Cetinkaya et al., 

2006). It is now prescribed 

worldwide to at least 

500,000 patients with 

rheumatoid arthritis 

(Swierkot and Szechinski, 

2006). It has proven efficacy 

as a sole agent in the 

treatment of such 

inflammatory disorder3 

despite the availability of 

new treatments such as 

biological agents 

(Ranganathan et al., 2003). 

MTX is generally well 

tolerated although there are a 

number of potentially serious 

adverse effects of these 

hematopoietic suppression, 

hepatotoxicity and 

pulmonary toxicity are the 

more severe (Swierkot and 

Szechinski, 2006). It is not 

known whether the effects of 

MTX are due to 

immunosuppressive and/or 

anti-inflammatory actions 

(Hornung et al., 2000). 
 

            Folic acid is a 

vitamin of special 

importance in normal 

cellular functions (Czeczot, 

2008). The liver is the main 

organ of folate storage and 

metabolism (Lan et al., 

2007).  Folic acid is involved 

in the transformation of 

certain amino acids as well 

as in the synthesis of nucleic 

acid (DNA) required by 

rapidly growing cells. 

Tetrahydrofolate is the 

biologically active form of 

folic acid, which is produced 

by the enzyme dihydrofolate 

reductase (Branda et al., 

1998). Folate deficiency 

results in neural tube defects, 

megaloblastic anemia and 

acceleration of 

arteriosclerotic process 

(Czeczot, 2008).  

            The aim of the 

present study is to verify the 

effective role of folic acid on 

ovarian toxicity induced 
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experimentally in rats with 

MTX treatment as the 

therapy with methotrexate is 

a dynamic process, therefore 

maintaining a delicate 

balance between benefits and 

risks is urgently needed. 
 

 

Materials and Methods:  
           The experiment was 

conducted on sixty adult 

female albino rats .the 

weight of the rats ranging 

from 200-250 gms. The 

animals were classified into 

six groups (ten animals each) 

as follows:  

Group I: Served as control 

group. The animals received 

an equivalent amount of 

saline intraperitoneal (I.P) 

once weekly for four weeks. 

Group II: Rats were given 

folic acid which was 

provided by The Nile 

Company of Egypt. It was 

available in the form of 

tablets. The content of the 

tablets were dissolved in 

distilled water and given by 

gavage in a daily oral dose of 

250 ug/kg body weight for 

four weeks (Ardeshir and 

Mohsen, 2003). 

Group III: Comprised rats 

which received MTX- Mylan 

manufactured by Haupt 

pharma, Germay and 

imported by Ramco. The 

drug was supplied as vials 

each were 2ml and contained 

50 mg MTX. Each vial was 

diluted in 48 ml of isotonic 

saline, so each 1 ml 

contained 1 mg of 

methotrexate. Methotrexate 

was injected I.P once weekly 

at a dose of 1mg/kg b.w1 for 

four weeks (Cetin et al., 

2008). 

Group IV: Animals were 

concomitantly treated with 

MTX and FA as the same 

previous doses, period and 

route of administration. 

Group V: The animals were 

concomitantly treated with 

MTX and FA as the same 

previous doses, routes of 

administration for eight 

weeks. 

Group VI: Included rats 

which received an I.P 

injection of MTX (1mg/kg 
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b.w) once weekly for four 

weeks then left without 

treatment for another 

successive four weeks. At 

the end of the experiment 

rats of each group were 

anesthetized then sacrificed 

and the ovaries were 

dissected for histological and 

ultra-structure studies. 
 

Results 

1-Group Ι: (Control group) 

Light microscopic finding: 

           Histological 

examination of the ovaries of 

the control group revealed 

that, the ovary of the adult 

rat appeared containing 

ovarian follicles at different 

stages of maturation 

including primary, growing 

and Graafian follicles. The 

corpora lutea were also 

noticed in the ovarian 

stroma. The medulla consists 

of a richly vascularized loose 

connective tissue containing 

blood vessels (Fig. 1). 

B- Electron microscopic 

Finding: 

         Electron microscopic 

study of the ovary of the 

adult rat of the control group 

showed that, the Graafian 

follicle was formed of 

several layers of granulosa 

cells surrounding oocyte and 

separated from it by zona 

pellucida. The granulosa 

cells have round or oblong 

shaped nuclei, prominent 

nucleolus, well-formed 

nuclear membrane, granular 

cytoplasm contains normal 

regular mitochondria in 

different shapes and rough 

endoplasmic reticulum (Fig. 

2). 
 

2-Group ΙΙ: (Folic acid 

only)  

A- Light microscopic 

finding: 

       Histological 

examination of the ovaries of 

adult albino rats of the Folic 

acid only group revealed 

that, the ovary was formed of 

an outer cortex and inner 

medulla. The cortex 

contained numerous follicles 

at different stages of 

development, primary, 

secondary and Graafian 

follicles. The medulla 
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contained blood vessels. 

(Fig.3).  

B- Electron microscopic 

Finding: 

       Electron microscopic 

study of the ovary of the 

adult rat of the folic acid 

group revealed that, the 

Graafian follicle was formed 

of several layers of regular 

granulosa cells surrounding 

oocyte and separated from it 

by zona pellucida. The 

granulosa cells have round 

shaped nuclei, prominent 

nucleolus well distinct 

nuclear membrane and 

granular cytoplasm contains 

normal regular mitochondria 

in different shapes, 

ribosomes and rough 

endoplasmic reticulum 

(Fig.4). 

3-Group IΙΙ: (Methotrexate 

for four weeks)  

A- Light microscopic 

finding: 

         The ovaries of the 

methotrexate treated group 

were apparently reduced in 

size if compared with those 

of the control rats. 

Histological examination of 

the ovaries of adult albino rat 

of methotrexate treated 

group showed that, the 

cortex, contained multiple 

degenerated and atretic 

follicles with degenerated 

thin lining and no oocyte. 

Some of the degenerated 

follicles appeared with 

necrotic desquamated lining, 

corpora lutea with central 

cystification while the 

medulla contained multiple 

dilated blood vessels and 

cavities (Fig.5).  

B- Electron microscopic 

Finding: 

       Electron microscopic 

study of the ovary of adult 

rat of methotrexate treated 

group showed the granulosa 

cells of the Graafian follicle 

of this group appeared 

apoptotic and distorted in 

shape with irregular shaped 

nucleus, peripheral 

segregation of chromatin 

content into component of 

variable densities and pale 

cytoplasm containing ill-

defined organelles and 
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multiple vacuoles, with 

marked apoptotic bodies 

inside granolosa cells. Some 

of the granulosa cells also 

appeared as dark shrunken 

cells with irregular shaped 

pyknotic nucleus; their 

cytoplasm appeared with 

swollen, vacuolated 

mitochondria with loss of its 

cristae and marked 

distribution of vacuoles 

(Fig.6).  

 4-Group IV: 

(Methotrexate and folic 

acid for four weeks 

A- Light microscopic 

finding: 

        Histological 

examination of the ovaries of 

adult albino rats of this 

group revealed that, the 

ovary of the adult rat 

appeared as a small bean 

shaped body composed of a 

surface epithelium covering 

fibrous stroma. The ovarian 

follicles at different stages of 

maturation were observed 

within the fibrous stroma of 

the ovary, including primary, 

growing and Graafian 

follicles with average lining 

and containing oocyte, and 

multiple corpora lutea in less 

congested and moderately 

thickened stroma (Fig. 7). 

 B- Electron microscopic 

Finding: 

         Electron microscopic 

study of the ovaries of adult 

albino rats of this group 

revealed that, the Graafian 

follicle was formed of layers 

of regular granulosa cells 

surrounding oocyte and 

separated from it by zona 

pellucida. Some of The 

granulosa cells had a round 

or oblong shaped nuclei with 

prominent nucleolus, 

granular cytoplasm which 

contain normal regular 

mitochondria, rough 

endoplasmic reticulum and 

well developed basement 

membrane. On the other 

hand some of the granulosa 

cells appeared with irregular 

and indentation of their 

nuclei, little vacuolation of 

their cytoplasm showed 

vacuolated mitochondria 

with loss of their cristae and 
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the others showed shrinkage 

and or absent nuclei (Fig. 8).  

5-Group V: (Methotrexate 

and folic acid for eight 

weeks 

A- Light microscopic 

finding: 

        Histological 

examination of the ovaries of 

adult albino rats of this 

group revealed that, the 

ovary of the adult rat 

appeared with different types 

of follicles including 

secondary, Graafian follicle 

and multiple corpora lutea in 

mildly congested and 

moderately thickened 

stroma(Fig9).  

B- Electron microscopic 

Finding:  
 

        Electron microscopic 

study of the ovaries of adult 

albino rats of this group 

revealed that, the Graafian 

follicle which was formed of 

several layers of regular 

granulosa cells surrounding 

oocyte and separated from it 

by zona pellucida. The 

granulosa cells had a round 

or oblong shaped nuclei with 

prominent nucleolus, 

granular cytoplasm 

contained normal regular 

mitochondria in different 

shapes, ribosomes and rough 

endoplasmic reticulum. 

Some of the granulosa cells 

appeared with irregular and 

indentation of nuclei and 

little vacuolation of their 

cytoplasm including 

vacuolated mitochondria 

with loss of their cristae and 

the others show absent nuclei 

(Fig.10).  

 

 

 Group VI: (Methotrexate for 

four weeks then left without 

treatment for another four 

weeks)  

A- Light microscopic 

finding: 

        Histological 

examination of the ovaries of 

adult albino rats of this 

group revealed that, the 

ovarian follicles at different 

stages of development 

including, primary, 

secondary, and Graafian 

follicles, surrounded by 
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mildly fibrotic stroma (Fig. 

11).  

B- Electron microscopic 

Finding: 

         Electron microscopic 

study of the ovaries of adult 

albino rats of this group 

revealed that, the Graafian 

follicle which was formed of 

layers of regular granulosa 

cells surrounding oocyte and 

separated from it by zona 

pellucida. The granulosa 

cells had a round or oblong 

shaped nuclei, prominent 

nucleolus, granular 

cytoplasm contained normal 

regular mitochondria, 

ribosome and rough 

endoplasmic reticulum 

(Fig.12).  

 

Discussion 
        Methotrexate is widely 

used drug in treatment of 

many diseases such as 

rheumatoid arthritis, 

psoriasis and ectopic 

pregnancy. It is also used in 

the treatment of advanced 

stage non Hodgkin 

lymphomas and acute 

lymphoblastic leukemia. In 

our study we emphasize on 

the effect of methotrexate 

and folic acid on ultra-

structures of the ovary of 

adult albino rats in order to 

put the bases for the best 

way of use of this drugs in 

treatment in multiple disease 

to avoid many hazards that 

may develop due to 

uncontrolled use of these 

drugs.  

          In the present study, 

the ovaries of the 

methotrexate treated group 

showed decrease in all 

categories of follicles with 

relative increase in the 

number of atretic follicles. 

Similar results were obtained 

by Karri and 

vanithakumari (2011). 

These findings were 

confirmed by McLaren et 

al., (2009) who mentioned 

there was a time limited 

decrease oocyte yield during 

ovarian stimulation in 

woman previously treated 
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with MTX for ectopic 

pregnancy. 

          Also Stern et al., 

(2006) reported that MTX 

caused damage to the 

ovarian follicles and that 

MTX as an antimetabolite 

affected growing and 

Graafian follicles. This was 

reported by Lower et al., 

(1999) who notice the 

occurrence of amenorrhea in 

about 31% of patients during 

treatment of early stage 

breast cancer patient treated 

by methotrexate, but this 

percentage was higher after 

finishing treatment. On the 

contrary Orvieto et al., 

(2007) showed that MTX 

treatment in ectopic 

pregnancy did not influence 

the subsequent ovarian 

response to   invitro 

fertilization (IVF) treatment. 

        Another study to Oriol 

et al., (2008) and Benian et 

al., (2013) demonstrated that 

MTX treatment to ectopic 

pregnancy had no effect on 

serum anti mullerian 

hormone concentrations 

which is produced by 

granulosa cells of small 

antral follicles of the adult 

ovary.  In the present study 

there was degeneration of 

follicles and cortical necrosis 

in the ovary of methotrexate 

treated animals. These 

findings were in agreement 

with Suzuki et al., (1998) 

who explained degeneration 

of follicles and cortical 

necrosis associated with 

MTX treated animals is that 

the drug first causes damage 

to follicles. Due to localized 

disappearance of follicles, 

blood vessels are less 

attracted to that zone and the 

result is focal degeneration 

and necrosis. 

        Also these findings 

were in agreement with 

Cetin et al., (2008) who 

stated that MTX blocked the 

mitotic activity in epithelial 

cells. The temporary 

blockage of the regeneration 

of epithelial cells caused 

more intense degenerative 

changes in female genital 

system especially the tubal 
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and ovarian epithelium. The 

loss of follicles in ovary 

leads to a relative decrease in 

their steroid hormones 

secretion. 

         In the current work 

there were medullary 

congestion and dilation of 

blood vessels in 

methotrexate treated animals 

leading to focal cortical 

necrosis with loss of some 

follicles. These findings 

were in agreement with 

(Tilly, 2004) who explain 

vascular complications 

associated with MTX were 

due to drug induced 

endovascular damage. This 

results in shutdown of blood 

supply to certain areas of 

cortex, thus resulting in focal 

necrosis and 

neovascularization. It is 

possible that injury and 

obstruction of blood vessels 

cause local ischemia and 

destroy segmental regions of 

normal ovarian cortex with 

loss of follicles. 
 

           In the current work 

there were marked necrosis 

and apoptotic bodies in the 

granulosa cells of ovarian 

follicles. These findings 

were in agreement with 

Ramadan et al., (2008). 

         In the current study 

different types of changes in 

the ultra-structural 

morphology of cell 

organelles could occur 

following administration of 

methotrexate. These changes 

were in the form of ill-define 

cell organelles, vacuolated 

mitochondria with loss of its 

cristae, degranulation of the 

granular endoplasmic 

reticulum. These findings 

were in agreements with 

Bayram et al., (2005, 2006) 

who revealed that, 

cytoplasmic vacuoles, 

dilatation of rough 

endoplasmic reticulum 

(rER), nuclear irregularity 

with irregularity of basal 

membrane and loss of 

intercellular junctions after 

administration of 

methotrexate.   
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        Also these changes 

were similar to those 

described by Gol et al., 

(2009) and Karri et al., 

(2010) who revealed 

progressive damage of 

mitochondria and irregularity 

of the nucleus of granulosa 

cells of the ovarian follicles 

in methotrexate treated 

animals. 

 In the current work, 

the apoptotic granulosa cells 

showed nuclear changes 

including shrinkage, 

irregular or elongated nuclei, 

chromatin migration and 

segregation of nucleolus. 

These findings were in 

agreement with Vardi et al., 

(2010) 

          In the present study 

the ovaries of the animals 

treated with methotrexate 

and folic acid showed 

reduction in the structural 

impairment of the cells 

organelles as mitochondria 

and rough endoplasmic 

reticulum have normal like 

appearance. The nuclei of 

cells containing well 

distributed euchromatin with 

marked heterochromatin 

attached to the inner nuclear 

envelope. These findings 

were in agreement with 

findings of Soliman, (2009) 

who detected a reduction in 

the structural impairment of 

hepatocytes from the livers 

of the rats received folic acid 

with methotrexate as the 

majority of the cells showed 

a relatively normal 

ultrastructure.   
       

          In conclusion, 

although patients with cancer 

or RA may drive much 

benefit from 

chemotherapeutic treatment, 

they are at risk for 

developing-life threatening 

complications. The present 

study confirms the earlier 

reports that (MTX) 

associated with ovarian 

damage, so folic acid 

supplementation might help 

patient taking MTX as a sole 

treatment agent to protect the 

ovary against adverse effects 

of the used drug. 
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Fig.1: A photomicrograph in the ovary of adult albino rat, of the control group 

showing:  the cortex(C) and medulla (M) of the ovary. The cortex harbors 

numerous follicles at different stages of development, unilaminar primary 

(Up), multilaminar primary (Mp), secondary (S), pre-antral (Pa), antral 

(Graafian), (G), and multiple corpora lutea (Cl) and the medulla containing 

blood vessels (Bv). (H&E X 150). 

 

 

Fig. 2: Electron micrograph of the ovary of adult rat of folic acid treated group 

showing:  A higher magnification of the granulosa cells, with oval shaped 

nuclei (N), finely dispersed chromatin and peripheral nucleoli (n). The 

cytoplasm contains normal regular mitochondria (M) in different shapes and 

rough endoplasmic reticulum (rER). (TEM X10000) 
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Fig. 3: A photomicrograph of the ovary of adult albino rat of folic acid group 

showing: Different types of follicles, unilaminar primary (Up), multilaminar 

primary (Mp), secondary (S) and Graafian follicle (G), and multiple corpora 

lutea (cl) in different stages and fallopian tube (FT). (H&E X 150). 

 

 
 

 
Fig. 4: Electron micrograph of the ovary of an adult rat of folic acid group 

showing: Graafian follicle which is formed of layers of regular granulosa cells 

surrounding oocyte (oc) and separated from it by zona pellucida(ZP). The 

granulosa cells have a round or oblong shaped nuclei (N), prominent nucleolus 

(n), granular cytoplasm contains normal regular mitochondria (M) in different 

shapes, ribosomes (r) and rough endoplasmic reticulum (rER), and well 

developed basement membrane. (TEM X6000) 
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Fig. 5: A photomicrograph of the ovary of adult albino rat of methotrexate 

treated group showing: Few primary (P), Graafian follicles with degenerated 

thin lining and no oocytes (DF), one follicle showing necrotic desquamated 

lining (red arrow), corpora lutea (CL) with central cystification (violet arrow), 

in markedly congested stroma containing congested blood vessels (Bv) and 

fallopian tube with thin lining (FT).       (H&E X 150). 
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Fig. 6: Electron micrograph of the ovary of an adult rat of methotrexate treated 

group showing: the granulosa cells of the Graafian follicle of this group 

appeared dark, apoptotic and distorted in shape with irregular and indented 

shaped nucleus (N), peripheral segregation of chromatin content into 

component of variable densities and pale cytoplasm containing ill-defined 

organelles and multiple vacuoles, with marked apoptotic bodies inside 

granulosa cells. Some of the granulosa cells appeared regular with round or 

oblong shaped nuclei (N1), prominent nucleolus (n), and granular cytoplasm 

contains normal regular mitochondria (M) in different shapes. (TEM X6000) 

 

 
Fig. 7:  A photomicrograph of the ovary of adult albino rat of methotrexate and 

folic acid treated group for four weeks showing: Cortex(C) containing Primary 

(P), secondary (S) , Graafian follicles showing average lining and containing 

oocyte (G), and multiple corpora lutea (Cl) in less congested stroma and 

medulla containing less congested blood vessels (Bv). (H&E X 150).  
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Fig. 8: Electron micrograph of the ovary of adult rat of methotrexate and folic 

acid treated group for four weeks showing: Higher magnification of Graafian 

follicle which is formed of multiple layers of regular granulosa cells 

surrounding oocyte (oc) and separated from it by zona pellucida (ZP).the 

cytoplasm of the oocyte show normal regular mitochondria (M) and rough 

endoplasmic reticulum (rER).  Some of The granulosa cells have a round or 

oblong shaped nuclei (N) with segregation of its chromatin content, granular 

cytoplasm which contain normal regular mitochondria (M) and rough 

endoplasmic reticulum (rER), others appear with irregular and indentation of 

nuclei and little vacuolation of their cytoplasm showing vacuolated 

mitochondria (vm) with loss of their cristae and the others show absent nuclei 

(arrow). (TEM X5000)  
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Fig. 9: A photomicrograph of a section in the ovary of adult albino rat of this 

group showing: Secondary (S), Graafian follicle showing average lining (G), 

and multiple corpora lutea (CL) in mildly congested stroma containing mildly 

congested blood vessels (Bv). (H&E X 150). 

 

 

 
Fig. 10: Electron micrograph of the ovary of adult rat of methotrexate and folic 

acid treated group for eight weeks showing: Graafian follicle which is formed 

of layers of regular granulosa cells surrounding oocyte (Oc) and separated from 

it by zona  pellucida (ZP). Some of The granulosa cells have a round or oblong 

shaped nuclei (N), prominent nucleolus (n), granular cytoplasm contains 

normal regular mitochondria (M) and rough endoplasmic reticulum (rER) 

,some appears with irregular and indentation of nuclei and  little vacuolation of 

their cytoplasm. (TEM X2000). 
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Fig. 11: A photomicrograph of the ovary of adult albino rat of this group 

showing: Primary (P), secondary (S), pre antral (Pa) and Antral (Graafian) 

follicles (G) surrounded by mildly fibrotic stroma (black arrows). (Mallory 

stain X 360). 

 

 

Fig. 12: Electron micrograph of the ovary of adult rat of (MTX) treated group 

for four weeks then left without treatment for another four weeks showing: 

Graafian follicle which was formed of layers of regular granulosa cells 

surrounding oocyte (oc) and separated from it by zona pellucida(ZP). The 

granulosa cells had a round or oblong shaped nuclei (N), prominent nucleolus 

(n), granular cytoplasm contains normal regular mitochondria (M) in different 

shapes, and rough endoplasmic reticulum (rER).               (TEM X2000) 
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 التلف الناجمالتـأثير الوقائـي المحتمل لحمض الفوليك ضد 

 ناث الفئرانإ عن عقارالميثوتركسيت  في المبيض عند

 «إللكترونيدراسة بالميكروسكوب الضوئي وا» البيضاء.
 

 فايز محمد عبد الفتاح و أحمد كمال البناشهدة و  عبد العزيز عبد هللا

 جامعة األزهر       –كلية الطب بنين القاهرة  -قسم  التشريح وعلم األجنة  
 

 الخالصة

على نطاق واسع في  عي    ت من أوائل األدوية المستخدمةيميثوتريكسال يعد عقار            

لقيييال الايييول عليييى أجرييييت هيييرا الدراسييية إ .األورام الخبيثييية وارايييطرابات الروماتيزميييية

للمبيي  بعيد فتيرات زمنيية  اليدقيق التي  تطيرأ عليى التركييب والدقيقية التغيرات الهسيتولوجية

للحمايية مين حمي  الفوليي   الدور الير  يقيوم بي  مختلفة من حقن عقار الميثوتريكسيت وبيان

 -٢00البح   س ت    ف  أا ض  ال    لت س  ت س ن ض  ا      اه   يستخدم ف ا الاار. هرا التأثير

لمجموعةةاألالىلةة  ألا جم ع   ك آل     ي    ق  د       ه  إاى    ل    س       ا اا     ج  مام ٢50

 آل    جماع الىئما  ف ي ه  ا المجم ع ي ف ي ج حي جا دي   ا تا   ل  ات   ل     م )الضابطا(

المجموعةاأل.ال با ا ي  ا الح يه تك يض  المبال يحت ى ع   ض  اع  خت ى  ضظ مك الدأاسي

ظ مك الدأاس ي ل   ا المجم ع ي  ت  بي ل با ي  ضالمجموعاألالمعـالجاألبحمضألالفوليك((الثانيا 

فئ ما  ه  ا ):تيمجموعةاألالمعةـالجاألبالميثويكس  ةال أل)المجموعةاألالثالثةال مجم عي الض   ي.

 آلم   .   دا ع ا   الخم ل  اإلعا ء   فق دا  اله  اياماث  ميكسال المجم عي التي    تقإ     ق أ

ضق   ف   ال  دذ   اك  ظ  مكالختي  المحبب ي تا  ا  ضجغم تجم   المب يل المستخمجي   دك

ل تظ ضيض   غاماك ف  ض  يي الختي  المحببي   لقد  اي جغامي ذاآلإي لاس فا    ظ هم الإه ط ..

تألي أل)مجموعةاألالميثويكس  ةةاالمجموعةاألالكابعةة ث    م  ب     ل ض  يت      غ  ظ ف      ض   .

 ع  ؤه   تم ل الى لا   فئما  ه ا المجم عي التي      ىحمضألالفوليكأللمدةألاربعاألاسابيعألأل(

وقيد ألإ ء    ل الخم  ل   اإلعا  ءفي ت لي جادي   س تث   آل   اماث  ميكسعق أ ال   إلض في  ل 

ة ت ميييييين الناحييييييية الهسييييييتولوجييميثوتريكسييييييلاختييييييزل حميييييي  الفولييييييي  التييييييأثير الاارل

ت وحمةةض الفوليةةك لمةةدة ثمانيةةة ي: )مجموعةةة الميثوتريكسةةةالمجموعةةة الخامسةة.والدقيقيية.

المجموعةةةة .ظهييرت الدراسيية لهييرا المجموعييية نتييائج شييبيهة للمجموعيية الرابعييةأ:اسةةابي    

 :خةر( ألمدة اربعه اسابي  ايقافه ت لمدة اربعه اسابي  وي)مجموعة الميثوتريكس :ةالسادس

لميدة ايقافي  ت لميدة اربعي  اسيابيع ويميثوتريكسيعقيار ال فئران هرا المجموعة الت  تم اعطاؤهيا

أظهيرت  االسةتنتا  :.ت يالميثوتريكسي ايقيا في  حالية جييدة بعيد  اربعي  اسيابيع اخير  كانيت

لبحث وجود ع قة سببية بين تعاطى الميثوتريكسيت وتأثر المبيي  سيلبا  الم حظات من هرا ا

ويمكن تفادى تل  التأثيرات الت  أحدثها عقار الميثوتريكسيت عل  المبي  عن طريق اعطيال 

 . حم  الفولي  مع 

  .المباي ، الميثوتريكسيت، حم  الفولي ، الفئران الكلمات المفتاحية :


