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ABSTRACT 
 

     Methotrexate (MTX) is the first-line agent for rheumatoid arthritis 

(RA) treatment although it causes hepatotoxicity leading to poor 

compliance to therapy. Sesame oil is unique due to its unusually high 

oxidative stability and anti-inflammatory property that attributed 

mainly to the presence of α-tocopherol and anti-oxidative sesame 

lignans. These components give sesame oil extraordinary high 

oxidative stability and anti-inflammatory property. The present study 

aimed to investigate the anti-hepatotoxic and therapeutic potential of 

sesame oil alone or in combined therapy with MTX on RA rat model. 

Assessment of RA performed by measuring paw volume, rheumatoid 

factor and anti-cycliccitrullinated peptide antibody. Biomarkers of 

cartilage degeneration (MMP-3) and synthesis, (IGF-1), inflammatory 

mediators (TNF-α, IL-6, NO), anti-inflammatory mediators(IL-10) 

and oxidative stress were estimated.  MTX mono-therapy were 

enhanced hepatotoxicity but concomitant administration with sesame 

oil was able to ameliorating RA biomarker and led to an increase its 

effectiveness without hepatotoxicity. Therefore combined therapy of 

MTX with sesame oil may lead to synergistic anti-arthritic action with 

fewer side effects of MTX on liver.  
 

Key words: Rheumatoid arthritis; Methotrexate; Hepatotoxicity; 

Sesame oil. 
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INTRODUCTION  
  

  Rheumatoid arthritis (RA) is a systemic chronic progressive 

inflammatory autoimmune disorder that can be developed in any age 

and affects joints. RA features are characteristic by continuous 

inflammation, hyperplasia in synovium and cartilage erosion. 

Furthermore, RA is accompanied by joint swelling and destruction. 

However, the early treatment can prevent severe disability and 

improve patient quality of life, the most problem a considerable 

number of patients meet is lacking of an effective treatment (Castro-

Villegaset al., 2015).  

Methotrexate (MTX), antirheumatic drug (disease-modifying agent) is 

recommended as the first-line evidence-based therapy for recently 

diagnosed RA patients as it works as immunosuppressive agent 

(Singh et al., 2016a). MTX efficacy in the treatment of RA is 

supported by evidence, leading to improved short-term control of the 

disease and long-term outcomes by decreasing radiographic 

progression (Sharma and Scott, 2015). However, it is associated with 

hepatotoxicity. There are several mechanisms are concerned with liver 

cell damage initiation and propagation.Dysfunction in this cell causes 

disequilibrium in homeostatic condition, thus resulting in intracellular 

oxidative stress with increasing in reactive oxygen species formation. 

Methotrexate-induced hepatotoxicity is common however its actual 

frequency is difficult to determine due to underreporting, difficulties 

in diagnosis, and incomplete observation of exposure (Singh et al., 

2016b). 
Due to these undesirable effects, up to 12% of RA patients discontinue 

methotrexate after six months to two years of treatment (Maja et al, 

2013). Therefore, new drugs are seriously needed for more 

effectiveness and fewer side effects. Many plants and compounds 

derived from them are used in conventional medicine might be useful 

in alleviating inflammation and inflammatory pain (Xu et al., 

2014).Sesame oil is derived from the plant species 

SesamumindicumL., an herbaceous annual belonging to the 

Pedaliaceae family(Monteiro et al., 2014).Sesame seed contains up to 

sixty percent oil of a very high quality (Ayana, 2015). Sesame oil has 

been proved to possess broad-spectrum pharmacological effects 

including anti-mutagenic, anti-oxidant, anti-atherosclerotic, anti-
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inflammatory and anti-pyretic protective effects (Monteiro et al., 

2014; Narasimhulu et al., 2015; Vasiljevic et al., 2016). 

The present study aimed to investigate the anti-hepatotoxic and 

therapeutic potential of sesame oil alone or in combined therapy with 

MTX on RA rat model. 
 

MATERIALS AND METHODS 
 

     Sesame seed were procured from National Organization for Drug 

Control and Research (NODCAR) and converted into oil by cold 

pressed by especial machine.Methotrexate injection 50 mg was used 

for treatment of RA that manufactured for ACDIMA international by: 

Shanxi powerdone pharmaceutical co., Ltd. Complete Freund’s 

adjuvant (CFA) was used for induction of RA (Sigma-Aldrich, St. 

Louis, MO, USA). Methotrexate (MTX) was used at two different 

doses once a week (1mg/Kg b.wt and 2mg/Kg b.wt, respectively) is 

equivalent to human sub- therapeutic and therapeutic doses (Banji et 

al., 2011). The freshly prepared sesame oil was evaluated in normal 

and arthritic rats at a dose of 1ml/kg (Sotnikova et al, 2009). 

A total of 84 adult female albino Sprague-Daley rats weighing150- 

180 g were housed under standard conditions. The animals were 

acclimatized to the new atmosphere for a week prior to the 

experiment. Arthritis was induced by injection of 0.1 ml/rat of CFAto 

anaesthetized animals in the sub plantar tissue of the right posterior 

paw. This injection produced definite edema within 24 h with 

progressive arthritis by day 9 after injection (Borashan et al., 

2009).Treatments were started from day 10 and continued up to           

day 45. 

The rats were divided equally into seven groups as following:Group 1: 

Control ratswas injected i.p with saline daily for 45 days.Group 2: 

Arthritic rats without treatment,Group 3: After 10 days, arthritic rats 

were injected with MTX (1mg/kg once a week for five weeks) by i.p 

route (M1). Group 4: Arthritic rats were injected with MTX (2 mg/kg 

once a week for five weeks) by i.p route (M2). Group 5: Arthritic rats 

were received daily oral dose of sesame oil (1ml/kg for five 

weeks)(S.O). Group 6:Arthritic rats were injected with MTX (1 mg/kg 

once a week for five weeks) and received daily (1mg/kg) sesame oil 

for 5 weeks by oral route(S.O+M1).Group 7:Arthritic rats were 

injected with MTX (2 mg/kg once a week for five weeks) and 
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received daily (1mg/kg) sesame oil for 5 weeks by oral 

route(S.O+M2). 

Swelling of hind paw was estimated with a plethysmograph. On the 

46
th

 day, rats were anaesthetized by administration of enflurane and 

blood samples were withdrawn from the retro orbital plexus. Serum 

was separated for estimation of: Anti-cyclic citrullinated peptide 

antibody (Anti-CCP) by ELISA kit according to Bizzaro et al., 

(2001),Rheumatoid factor (RF)by ELISA kit according to Ernst et al., 

(1988),Nitric oxide(NO)by colorimetric method according to 

Montgomery and Dymock, (1961).Tumor necrosis factor-α (TNF-

α),Interleukin-6 (IL-6), Interleukin-10 (IL-10),Matrix 

metalloproteinase-3 (MMP-3), Insulin-like growth factor-1 (IGF-

1)were measured by ELISA kits according to the manufacturer`s 

instructions.Transaminases (AST&ALT) were measured by 

colorimetric method according toReitman and Frankel, 

(1957).Alkaline phosphatase (ALP)was measured by colorimetric 

method according toBelfield and Goldberg (1971).ᵞ-
Glutamyltransferase(GGT)was measured by colorimetric method 

(Heersink et al., 1980).Total Bilirubin(T.B)was measured by 

colorimetric method(Water and Gerade 1970).Total protein (T.P)was 

measured by colorimetric method (Gornal et al., 1949).Total 

antioxidant capacity (TAC)was measuredby colorimetric method 

(Koracevicet al., 2001). Malondialdehyde (MDA) was measured by 

colorimetric method (Ohkawa et al., 1979) andReduced 

glutathione(GSH) was measured by colorimetric method (Beutler et 

al., 1963). 
 
Statistical analysis: The biochemicalresults were expressed as mean 

± standard error (S.E). Results were statistically analyzed by one- way 

analysis of variance ANOVA Statistical Package for the Social 

Sciences (SPSS) version 21 followed by Duncan Multiple Comparison 

test (DMCT) P < 0.05 was considered significant. 
 

RESULTS 
 

    The volume of paw oedema was markedly reduced in treated 

groups (M1:2.08 ± 0.21, M2:1.22 ± 0.21, S.O:1.62 ± 0.14,S.O+M1: 

0.72 ± 0.14, S.O+M2: 0.57 ± 0.05)as compared to RA group (4.65 ± 

0.64). The paw edema was significantly reduced with therapy in the 
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following order: S.O+M2 > S.O+M1 > M2 > S.O > M1. Anti-CCP 

and RF levels were significantly elevated in the studied groups 

compared to control group. This elevation was significantly decreased 

in treated groups compared to RA group. There was no significant 

difference in Anti-CCP levels between Oil and M1 group but there 

was significant decrease in M2 group compared to M1 group. Anti-

CCP and RF levels were significantly decreased in groups treated with 

combination of MTX and S.O compared to group treated with S.O 

only or MTX only and the decrease in Oil+M2 group was 

significantlymore than Oil+M1 group as shown in figure (1). 

The levels of TNF-α, IL-6 and NO were significantly augmented in all 

groups compared to control group. However, this elevation in these 

inflammatory biomarkers was decreased significantly in treated 

groups compared to RA group. The levels of TNF-α, IL-6 were 

significantly decreased in groups treated with combination of S.O and 

MTX compared to group treated with S.O only or MTX only and the 

decrease in S.O+M2 group was significantly more than S.O+M1 

group. NO levels were significantly decreased in M2 group comparing 

to M1 group. In all studied groups, the levels of IL-10 were 

significantly declined comparing to control group. This reduction was 

significantly increased in treated groups compared to RA group. The 

levels of IL-10 were significantly amplified in groups treated with 

combination of MTX and S.O compared to group treated with S.O 

only or MTX only and the increase in S.O+M2 group was 

significantly more than S.O+M1 group as shown in figure (2).  

In RA group, the levels of MMP-3 were significantly elevated while 

IGF-1 were significantly decreased compared to control group. The 

decreasing effect of S.O and MTX on MMP-3 were recorded in the 

following order of: S.O+M2 > S.O+M1 > M2 ≥ S.O > M1. The 

increase inIGF-1 levels by different treatment were recorded as in the 

following order:S.O+M2>S.O+M1 > M2 > S.O ≥ M1 as presented in 

figure (3). 

The levels of liver enzymes and T.B were significantly increased in 

RA group compared to control group, the decreasing effect of S.O and 

MTX were recorded in the following order:S.O ≥ S.O+M1 > S.O+M2 

> M1 > M2. T.P levels were significantly decreased in RA group 

compared to control group, the increasing effect of S.O and MTX on 

T.P were increased in the order of: S.O ≥ S.O+M1 ≥ S.O+M2 > M1 > 

M2 as shown in figures (4, 5).  
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TAC and GSH levels were significantly declined in the studied groups 

compared to control group and group treated with S.O only. This 

reduction was significantly improved in treated groups compared to 

RA group. The levels of TAC were significantly increased in groups 

treated with S.O only or combination with MTX than taken MTX 

only. On the other hand the levels of MDA were significantly 

increased in the studied groups compared to control and group treated 

with S.O only. Comparing to RA group, this elevation was 

significantly increased in groups treated with methotrexate. MDA 

levels were significantly decreased in groups treated with S.O only or 

in combination with MTX than taken MTX only as presented in      

figure (6). 

 

 

 

 

Figure (1): Paw edema, Anti-CCP and RF levels in the studied groups 
Values presented as mean ± S.E.Anti-CCP: anti-cyclic citrullinated peptide antibody, RF: 

rheumatoid factor.Different small letters indicate significant difference between groups at P < 

0.05. 
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Figure (2):  Effect of different treatment on TNF-α, IL-6, NO and IL-10 levels 
Values presented as mean ± S.E. TNF-α: tumor necrosis factor α, IL-6: interleukin 6, NO: 

nitric oxide, IL-10: interleukin 10. Different small letters indicate significant difference 

between groups at P < 0.05.  

 

 

Figure (3):  Effect of different treatment on MMP-3 and IGF-1 levels 
Values presented as mean ± S.E. MMP-3: matrix metalloproteinase-3, IGF-1: insulin-like 

growth factor-1. Different small letters indicate significant difference between groups at P < 

0.05.  

 

 

Figure (4): Effect of different treatment on liver function testes  
Values presented as mean ± S.E. ALT: alanine transaminase, AST: aspartate transaminase, 

ALP: alkaline phosphatase, GGT: ᵞ-glutamyltransferase. Different small letters indicate 

significant difference between groups at P < 0.05. 
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Figure (5): Effect of different treatment on T.B and T.P levels 
Values presented as mean ± S.E. T.B: total bilirubin, T.P: total proteins. Different small 

letters indicate significant difference between groups at P < 0.05. 

 

 

Figure (6): TAC, GSH and MDA levels in the studied groups 
Values presented as mean ± S.E. TAC: total antioxidant capacity, GSH: reduced glutathione, 

MDA:malondialdehyde.Different small letters indicate significant difference between groups 

at P < 0.05. 

 

DISCUSSION 
 

    The present study aimed to investigate whether the combined 

therapy of sesame oil with MTX therapeutic dose can ameliorate the 

hepatotoxicity of MTX, and whether the combined therapy of S.O 

with MTX sub-therapeutic dose can provide an effective treatment for 

RA. 

The paw edema,RF and anti-CCP antibody were significantly reduced 

with combined therapy of MTX with sesame oil so the combination 

was more effective than MTX mono-therapy. It may be pointed out 

the synergistic anti-arthritic effect of sesame oil with MTX. These 

results were consistent with Monteiro et al., (2014)who showed that 

the sesame oil can prevent pleural exudate formation and the 

leucocyte migration that confirming the anti-inflammatory activity of 
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the oil. This effect may be due to the presence of lignans as sesamin 

which known to have action against pain and inflammation.  
The immunosuppressive and an anti-inflammatory cytokine effect of IL-10 

plays a key role in the treatment potential therapeutic in several autoimmune 

diseases such as Crohn's, psoriasis disease and rheumatoid arthritis, 

according to clinical observation (Bilivogui et al., 2015). 

The results showed that MTX andsesame oil were associated with 

immunosuppression of pro-inflammatory mediators (TNF-α, IL-6 and 

NO) and enhancement the production of IL-10. However, thecurative 

effect of MTX was associated with hepatotoxic response and free 

radical formation. Our results are consistent with previous reports of 

MTX-mediated the development of hepatic fibrosis (Yeo et al., 

2013).Selvarajan et al., (2015) confirmed the effect of sesame oil as 

anti-inflammatory and antioxidant by mechanism involved inhibiting 

the levels of TNF-α and IL-6 in-vivo at different 

concentrations.Moreover, Wei et al., ( 2015) reported that MTX has 

effect on inhibitting the processesof inflammation and destruction 

accompained to RA by preventing the formation of immunoglobulins 

and diverse inflammatory cytokines (IL-6 and TNF-α). Narasimhulu 

et al., (2015) demonstrated the sesame oil anti-inflammatory 

characters as evidenced from significant inhibition of plasma 

inflammatory cytokines, such as IL-1α, IL-6. Furthermore, recent 

study proved the anti-inflamatory potential of sesame oil and 

recommended sesame oil to be used in complementary therapy for 

pain management due to affordable, easy to use and lack of side 

effects (Shamloo et al., 2015). 

MMP-3 plays a pivotal role in the destruction of bone and degradation 

of various components of cartilage in RA (Galil et al., 2016).IGF-1 

inhibits cytokine-stimulated degradation of proteoglycans directly in 

normal cartilage in-vitro. These anabolic and protecting properties 

make IGF-1 an obvious candidate for a major role in cartilage repair 

(Genre et al., 2014).In the current study, the obtained resultsindicated 

the significant elevation in MMP-3 in arthritic group as compared 

with normal control group. This elevation was significantly decreased 

in treated group with S.O alone or with both doses of MTX. These 

results were in accordance with Yoshiharaa et al., (2010) who 

reported that serum MMP-3 level was significantly higher in RA 

group compared to the healthy control.Shiozawa et al., (2016) found 

that half of rheumatoid patients treated with MTX monotherapy for 3 
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years exhibited structural remission, and this outcome can be 

predicted at the onset by lower serum MMP-3. Also, our study was 

supported by Wei et al., (2015) who reported that MTX suppresses 

MMP-3 level in treatment of RA.In the current study, IGF-1 decreased 

significantly in arthritic group as compared with normal control group. 

This reduction was significantly elevated in treated group with S.O or 

both doses of MTX. These results were in accordance with Baker et 

al., (2016) who found lower IGF-1 levels in RA patients with greater 

disease activity and severity.   In the current study, MTX therapy 

caused deterioration in liver function as there was a significant 

elevation in liver enzymes and total billirubin serum levels 

accompanied with significant deplelion in the serum total protein. The 

obtained results demonstrated the hepatoprotective effect of sesame 

oil which revealed that the significant decrease in serum liver enzymes 

in arthritic rats treated with combined therapy of oil and MTX.  

The recorded study was supported by Patel et al., (2014)and 

Elbrabary et al., (2016)who reported a significant increase in liver 

enzymesand decrease in serum total protein in the MTX group which 

attributed to the damaged structural integrity of liver possibly by 

oxidative stress and lipid peroxidation. 

Also,Chiang et al., (2014) reported that sesaminhas antioxidant and 

anti-inflammatory action that significantly declined the serum levels 

of AST, ALT, and CRP in the rat model. This finding could be due to 

the existence of sesamin which is the most abundant lignan in sesame 

oil (Huang, 2014).Sesamin has little antioxidant activity but in liver, 

it can be metabolized into several catechol forms. These metabolites 

have potent capability to scavenge superoxide radicals (Yasuda and 

Sakaki, 2012). The obtained results confirmed the usefulness of 

sesame oil in preventing liver injury developed by MTX-associated 

oxidative damage. 

Antioxidant status and oxidative stressare important factors that 

exhibited important roles in RA pathogenesis(Dixit et al., 2015). RA 

is characterized by disequilibrium in the oxidant/antioxidant 

homeostasis as a result of oxidative stress, chronic inflammation, and 

activation of metalloproteinase and destruction of matrix(Chimenti et 

al., 2015). Recent studies revealed that the lipid peroxidation and 

oxidative stress have a vital role in the liver toxicity of MTX. 

Excessive formation of reactive oxygen species is one mechanism 

involved in the starting of liver cell damage, led to impairment of 
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dynamic equilibrium in homeostatic condition, thus resulting in 

intracellular oxidative stress (Singh et al., 2016a). In the present 

study,MTX monotherapy enhanced significant oxidative stress 

(significant decreased in TAC and GSH levels) acomppined with 

enhanced lipid peroxidation (marked elevation in MDA level).The 

obtained data revealed a profound hepatoprotective effect of sesame 

oil accompanied by significant  increase in TAC and GSH serum 

levels and significant reduction of MDAserum level, indicating 

reduced reactive oxygen species formation which is considered as one 

of the mechanisms by which the hepatotoxic effect of MTX was 

mediated. 

MTX has been reported to increase lipid peroxidation and reduce 

antioxidant capacity (Dhanesha et al., 2015).Akbulut et al., 

(2014)andElbrabary et al., (2016) found that MXT administration 

increases the level of MDA and causes decrease in glutathione levels 

andsuper oxide dismutase activities in liver.Haghighian et al., (2014) 

demonstrated a positive effect of sesame seed in decreasing MDA in 

patients with osteoarthritis and indicated the fact that sesame seed 

might be helpful to reduce oxidative stress in osteoarthritic patients.In 

agreement withVasiljevic et al., (2016), the current study suggested 

that the potential protectiveeffect of sesame oil was contributed by its 

capability to increase GSH biosynthesis and strength serum total 

antioxidant capacity to counteract the overproduction of free radical 

efficiently and to protect the membrane lipids from peroxidation and 

to combat oxidative stress.  

In conclusion, combined therapy of MTX with sesame oil may lead to 

synergistic anti-arthritic action with fewer side effects of MTX on 

liver.  
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  الملخص العربى
  

للتسمم الكبدى مع عقار النشاط التأثرى لزيت السمسم كمضاد 
فى فئران المستحدثالميثوتريكسيات فى ع1ج ا/لتھاب الروماتويدى المفصلٮ

 التجارب
1رؤوف محمداB/وى-2حنان عبد الموجود عطية-1زينب يوسف على

شيماء محمد - 
 1عبدالله

١الھيئة القومية للرقابة والبحوث الدوائية -الكيمياء الحيوية قسم 
ت)جامعة كلية الصيدلة (بنا–

٢اhزھر
  

الميثوتريكسات الخيار اhول في عxج الروماتويد المفصلي إs أنه يؤدى إلى حدوث يعد
تسمم كبدى مما أدى إلى ضعف اsمتثال للعxج.زيتالسمسم فريد من نوعه ويتميز بوجود  

 جنينلوالمضادات ل�كسدة  بنسب مرتفعة ووجود الفاتوكوفيرول المضاد ل�لتھابات 

وقد تم تصميم ھذه الدراسة  للتحقيق من القدرة العxجية  لزيت السمسم  .ل�كسدة المضادة
وإمكانية إستخدامه كمضاد للتسمم الكبدى سواء تم إستخدامه وحده أو مع الميثوتريكساتفى 
عxج الروماتويد المفصلى في الفئران البالغة البيضاء.وتم إجراء تقييم �لتھاب المفاصل عن 

م مخلب الفئران وقياس عامل الروماتويد واhجسام المضادة للبيبتيدات طريق قياس حج
وبناء   (MMP-3)الحلقية اsلسيترولينية وقياسالمؤشرات الحيوية لتآكل الغضاريف

 IL-6و(  TNF-α)وأيضا قياس المؤشرات المؤدية لxلتھابات ( (IGF-1)الغضاريف 

(NO)  لتھاباتxوقياس السيتوكينات المضادة ل ((IL-10)  مع قياس  المؤشرات الحيوية
وقد أظھرت ھذه الدراسةأن العxج بالميثوتريكسات  يزيد من التسمم الكبدى ولكن  .ل�كسدة

إعطاء زيت السمسم مع الجرعة العxجية من الميثوتريكسات يؤدى إلى زيادة 
ھذه الدراسه أن العxج المشترك  فعاليةالميثوتريكسات دون التسمم الكبدي. ونستخلص من

بالميثوتريكسات مع زيت السمسم على الفئران المصابة بالتھاب المفاصل يقوي قدراتھم  
  .المضادة �لتھاب المفاصل مع تقليل اsثار الجانبية للميثوتريكسات على الكبد

  


