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Introduction
Rheumatoid arthritis (RA) is characterized by a chronic 

inflammation of synovium, leading to progressive joint destruction. 
Erosions of the peri-articular bone, the most specific hallmark of 
the disease, produce deformation, laxity, and functional disability. 
Although the cause of rheumatoid arthritis is unknown, autoimmunity 
plays an important role in both its chronicity and progression [1]. The 
pathogenesis of RA is not completely understood. Autoimmunity plays 
an important role in its pathogenesis. 

T helper 1 cells are assumed to play an important role in the initiation 
of RA. These cells may subsequently activate macrophages and other 
cell populations, including synovial fibroblasts. Macrophages and 
synovial fibroblasts are the main producers of the pro-inflammatory 
cytokines TNF-α and IL-1 [2].

Methotrexate is considered by many rheumatologists to be the 
most important and useful Disease-Modifying Anti-Rheumatic 
Drug [DMARDs] and is often part of the initial line of treatment. 
Methotrexate has shown to have toxic gastrointestinal, hematologic, 
pulmonary and hepatic adverse effects [3].

Central nervous system reactions to methotrexate have been 
reported, which includes myelopathies and leuco-encephalopathies. It 
has a variety of cutaneous side effects, particularly when administered 
in high doses [4].

Atorvastatin [statins], a lipid-lowering agent, decrease vascular risk 
in patients with coronary artery disease by lowering plasma levels of 
cholesterol [5].

Some of the clinical benefits of statin therapy may be independent of 

their cholesterol lowering effects. These so called pleiotropic effects are 
believed to include anti-inflammatory actions and immunosuppressive 
properties suggest a new face of statin therapy which makes them 
important not only in the treatment of dyslipidemias but also in 
chronic systemic inflammatory disease states through decreasing the 
secretion of pro-inflammatory cytokines [IL-6][6-8].

Vitamin D [calciferol] is a potent regulator of calcium homeostasis 
and may have immune-modulatory effects. Vitamin D has been shown 
to suppress the development of autoimmunity in some experimental 
animal models. Since vitamin D modulates the adaptive immune 
system, calciferol may have an important role in rheumatoid arthritis 
treatment [9-11].

The new trend of medical treatment of rheumatoid arthritis seeks 
for new drugs with more efficacy and less side effects since methotrexate, 
a standard diseased modified anti-rheumatoid drug, causes many 
adverse effects and toxicities including pulmonary, hepatic, renal and 
cardiac, we investigate the effects of vitamin D and atorvastatin as a 
combination therapy with methotrexatenot as a replacement therapy 
to overcome the adverse drug reactions caused by methotrexate.

Abstract
Rheumatoid arthritis (RA) is the most common chronic systemic, immune-mediated inflammatory disorderthat 

attacks flexible joints and also may affect many tissues and organs. The present study was designed to assess 
the effect of atorvastatin and vitamin D on RA and to compare it with that of methotrexate in female Wistar albino 
rats. Rheumatoid arthritis was induced by subcutaneousinjection of Complete Freund’s Adjuvant (CFA). Seventy 
rats were divided into (7) groups, each of 10 rats. Group I was kept as control. Group II was injected with 0.4 ml 
CFA for 12 days. Group III, IV and V were injected with CFA then treated with methotrexate, atorvastatin and 
vitamin D, respectively. Group VI and VII were injected with CFA then treated with atorvastatin plus methotrexate; 
vitamin D plus methotrexate, respectively. Blood samples were collected after four weeks of the last dose of 
treatmentfor hematological examination. Serum samples were used for detection of inflammatory markers and lipid 
profile. A significantly increase of total leucocytes, neutrophils, lymphocytes, serum tumor necrosis factor α (TNF 
α), interleukine-6 (IL-6), total cholesterol (TC), triglycerides (TGs) and low density lipoprotein cholesterol (LDL) were 
observed in arthritis rats with significant decrease in high density lipoprotein cholesterol (HDL). Treatment with 
atorvastatin and vitamin D significantly decrease TNF α, IL-6 and modulate the leukocytosis and lipid abnormalities 
comparable to that exerted by methotrexate. Thecombination therapy was even better than each drug alone and is 
promising for further clinical trials.
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Material and Methods
Chemicals

Methotrexate was obtained from Mylan SAS [USA]. Atorvastatin 
was purchased from Egyptian Int. Pharmaceutical Industries Co. 
E.I.P.I. Co.One-Alpha [Vitamin D] by Mina Pharm under license of 
Leo Pharmaceutical Product, Denmark. Complete Freund’s adjuvant, 
Cell suspension [F5881] by Sigma-Aldrich, European Export.Each 
mL contains 1 mg of Mycobacterium tuberculosis [H37Ra, ATCC 
25177]; heat killed and dried, 0.85 mL paraffin oil and 0.15 mL 
mannidemonooleate.

Cholesterol, triglycerides, and high-density lipoproteinkits were 
obtained from Spin react Company [Spain]. All the other chemicals 
were of the highest analytical grade and purchased from Sigma-Aldrich 
Company.

Animals and treatments

Seventy adult female Wistar Albino rats, weighting 90-100 gwere 
obtained from the Egyptian Organization for Biological Products 
and Vaccine. They were housed 5 rats per cage with free access to 
commercial diet and tap water. The animals were handled according 
to guidelines of the local ethics committee, which comply with 
international laws for the use and care of laboratory animals. After one 
week of acclimatization, rats were randomly divided into seven equal 
groups of 10 rats each. The group I was kept as a control while group II 
was injected 0.4 ml Complete Freund’s Adjuvant subcutaneously in the 
right hind limb for 12 days divided in three doses [one dose every four 
days] to induce rheumatoid arthritis [12,13].

The rats in groups III, IV, V, VI and VII were injected with 
complete Freund’s Adjuvant as in group II to induce rheumatoid 
arthritis and then each group treated as follows: Group III was treated 
with methotrexate 0.2 mg/1ml intra-peritoneal once per week for four 
weeks after induction of arthritis [14]. Group IV was treated with 
atorvastatin 2mg/day orally for four weeks after induction of arthritis 
[13].

Group V was injected intra-peritoneal with Vitamin D 0.02µg/day 
for four weeks after induction of arthritis [15]. Group VI was treated 
with methotrexate and atorvastatin for four weeks after induction of 
arthritis. Group VII was treated with methotrexate and Vitamin D for 
four weeks after induction of arthritis.

Collection and processing of samples

After treatment was completed, blood samples were collected from 
orbital venous plexus under light anesthesia. Each sample was divided 
into two portions; the first was collected in clean dry Eppendorf tubes 
containing EDTA as anticoagulant to be used for hemogram studies. 
The second part was collected into non heparinized tubes which were 
centrifuged at 3000 rpm for 10 minutes for separation of serum. The 
collected sera were stored at -20ºC for biochemical estimation.

Complete blood count

Total number of erythrocytes [RBCs], total number of leukocytes 
[WBCs], differential leukocyte count, platelet count, packed cell 
volume [PCV] %, and hemoglobin [Hb] concentration were estimated 
by adopting standard procedures. Blood smears were prepared as soon 
as possible after blood collection on a glass slide, quickly dried, and 
stained with Giemsa and May-Grunwald stain for the differential blood 
count. Erythrocyte indices like mean corpuscular volume [MCV], and 

mean corpuscular hemoglobin concentration [MCHC] were calculated 
according to standard formulas.

MCV [fl] =   PCV / RBC count × 10

MCHC [g/dl] = Hb/ PCV x 100.

Biochemical parameters

Tumor necrosis factor α [TNF α]: Tumor necrosis factor α was 
determined by in vitro Enzyme Linked Immunosorbent Assay [ELISA] 
kit, using colourimetric reaction method as instructed in the kit manual 
[16]. 

Serum interleukin 6 [IL 6]: IL6 was determined in serum according 
to [17]

Lipid profile: The serum lipid contents were assayed using 
enzyme-based kits. Serum triglycerides [TG] were estimated according 
to [18]. The serum total cholesterol level was estimated according to the 
method as described by [19]. 

High-density lipoprotein-cholesterol [HDL-C] was estimated 
by precipitation with phosphotungstic acid and magnesium chloride 
according to the method described by [20].

The concentration of serum low-density lipoprotein [LDL] was 
calculated with the Friedewald formula [21].

LDL [mg/dl] =Total cholesterol - HDL cholesterol–[triglycerides 
/5]

Statistical analysis

Statistical analysis was carried out using Graph Pad Prism 5 [Graph 
Pad Software, San Diego, CA, USA]. Groups of data were compared 
with an analysis of variance [one-way ANOVA] followed by Tukey’s 
multiple comparison test. Values of P<0.05 were regarded as significant. 
Results are expressed as mean ± S.E.M.

Results
Data presented in Table 1 shows the values of hemogram in 

different groups. Erythrocyte count, PCV %, hemoglobin content, 
MCV and MCHC were insignificantly changed in the arthritis group 
that received vehicle, atorvastatin, and methotrexate plus atorvastatin 
groups when compared with the control group. Only methotrexate 
treated group shows a significant decrease of Hb conc.and MCHC % 
when compared to control group. 

The blood leucocytic count was significantly increased in the 
adjuvant group compared with the control group with concomitant 
increases in neutrophils and lymphocytes count. In methotrexate 
group, significant decrease of total leucocytes, accompanied by 
neutrophilia, and lymphocytosis was observed when compared with 
the control and adjuvant groups. Atorvastatin group showed normal 
leucocytic count with neutrophilia when compared with control group 
and lymphopenia when compared with adjuvant group. Combination 
of methotrexate and atorvastatin resulted in significant decrease of 
leucocytic count with lymphopenia when compared with the control 
group.

Table 2 showed that in adjuvant group, serum levels of TNF 
and IL6 were significantly increase compared to the control. While, 
treatment with methotrexate, atorvastatin, and methotrexate plus 
atorvastatin resulted in significant decrease of TNF and IL6 levels when 
compared to adjuvant group and their values reverted to normal except 
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the body against microbial invaders [27]. So that statins and vitamin D 
may have an important role in treatment of RA.

In this study, the hematological results showed that induction of 
rheumatoid arthritis caused a significant leukocytosis accompanied 
with neutrophilia due to stimulation of the immune response to help 
the body to fight infection by producing antibodies that circulate widely 
in the blood stream, recognizing the foreign particles and triggering 
inflammation [28]. Treatment with methotrexate resulted in decreased 
hemoglobin level, leucopenia accompanied with neutrophilia, 
lymphopenia and eosinopenia, Omoigui et al.[29] mentioned that 
patients on methotrexate require careful monitoring of hemoglobin 
and complete blood count, two weeks after initiation of treatment.  

While atorvastatin either vitamin D didn’t affect the high level of 
neutrophil. On the other hand, combination therapy leads to reduce 
the level of neutrophil in comparison with diseased group confirming 
that these combinations have synergistic effects.

In the present study, the induction of RA [adjuvant group] resulted 
in elevated values of TNFα and IL-6. This may be due to stimulation of 
cell mediated immunity that leads to the potentiation of the production 
of certain immuno-globulins by FCA causing RA [22,30].

Methotrexate treatment caused a significant decrease in TNFα 
and IL-6 levels. methotrexate is considered a folate analogue that 
inhibit dihydrofolate reductase [31] involved in the de novo synthetic 
pathways for purine and pyrimidine precursors of DNA and RNA 
required for cell proliferation. Methotrexate treatment also reduces the 
production of pro-inflammatory cytokines such as IL-1, IL-2, IL-6 and 
interferon [INF]-γ and suppresses TNF activity [29].

in methotrexate group, the IL6 level is still significantly higher than 
control.

Serum total cholesterol, TGs, and LDL cholesterol were 
significantly increased, while HDL- cholesterol was significantly 
decreased in adjuvant group when compared with the control. 
In methotrexate group, triglycerides and HDL-cholesterol values 
were insignificant changed, while cholesterol and LDL values were 
significantly increasewhen compared to control group. Values of TGs 
and cholesterol were reverted to normal levels, while HDL level was 
significantly decreased and LDL level was increased in atorvastatin 
and methotrexate plus atorvastatin groups when compared with the 
control. 

Discussion
The new trend of medical treatment of rheumatoid arthritis 

seeks for new drugs with more efficacy and less side effects [22] 
since methotrexate causes many toxicities include hepatic fibrosis, 
pulmonary fibrosis renal insufficiency and cardiovascular diseases [23] 
further more RA and atherosclerosis may share several common patho-
mechanisms and inflammation undoubtedly plays a primary role [24].

RA-related inflammation may lead to atherosclerosis occurrence 
through enhancement of oxidative modification of LDL and stimulation 
of superoxide & dismutase secretion from monocytes and endothelial 
cells [25].

Anti-inflammatory effect of statins therapy is to reverse endothelial 
dysfunction by prevention of LDL oxidation and increasing nitric 
oxide bioavailability [26] also the biologically active form of vitamin D 
[calcitriol] in the immune system acts locally as a cytokine, defending 

Control Adjuvant MTX ATR Vit D MTX+ 
ATR

MTX+ 
Vit D

RBCs (106/µl) 6. 88 ± 0.24 7.35 ± 0.19 6.15 ± 0.09 6.46 ± 0.12 7.12 ± 0.32 6.48 ± 0.08 6.79 ± 0.30
Hb (g/dl) 14.13 ± 0.74 14.37 ± 0.36    12.08a ± 0.35 13.05 ± 0.36 14.70 ± 0.82 12.83 ± 0.32 13.50 ± 0.76
PCV (%) 41.17 ± 1.49 42.00 ± 0.84 38.33 ± 0.49 39.00 ± 0.57 43.17 ± 1.97 38.00 ± 0.63 41.67 ± 1.16
MCV (fl) 59.94 ± 0.11 59.95 ± 0.08 58.84 ± 0.47 60.33 ± 0.28 60.33 ± 1.11 58.79 ± 0.41 60.11 ± 0.45

MCHC (%) 34.11 ± 0.59 34.29 ± 0.17 31.83a ± 0.57 33.43 ± 0.52 33.96 ± 0.62 33.85 ± 0.25 33.89 ± 0.36
WBCs (103/µl) 8.53 ± 0.45 12.05a ± 1.06 5.21a,b ± 0.23 10.79 ± 1.06 9.50 ± 0.60 4.61a,b ± 0.40 4.30a,b ± 0.47
Neut (103/µl) 2.73 ± 0.12 4.70a ± 0.44 1.69a,b ± 0.03 4.29a ± 0.19 4.07a ± 0.25 2.57b ± 0.03 1.64a,b ± 0.03

Lymph (103/µl) 5.35 ± 0.29 7.11a ± 0.01 3.51a,b ± 0.20 6.10 ± 0.21 5.01b ± 0.46 1.84a,b ± 0.07 2.28a,b ± 0.31
Mono (103/µl) 0.14 ± 0.01 0.19 ± 0.03 0.12 ± 0.01 0.15 ± 0.03 0.19 ± 0.02 0.03a,b ± 0.00 0.19 ± 0.15

Eosino (103/µl) 0.17 ± 0.01 0.11 ± 0.02 0.05a,b ± 0.01 0.16 ± 0.01 0.17 ± 0.02 0.04a,b ± 0.00 0.16 ± 0.10

Letter a- indicates significant variation in comparison with control group.
Letter b- indicates significant variation in comparison with adjuvant group.
RBCs=Red blood count; Hb= hemoglobin; PCV= packed cell volume; MCV= mean corpuscular volume; MCHC= mean corpuscular hemoglobin concentration; WBCs= 
white blood cell count; Neut= neutrophil; Lymph=lymphocyte; Mono= monocyte and Eosino= eosinophils

Table 1: Hematological values (mean±SE) from different rats groups.

Control Adjuvant MTX ATR Vit D MTX+ATR MTX+ Vit D
TNFα 28.27 ± 1.0 64.9a ± 4.5 39.19 b ± 2.6 36.19 b ± 2.4 34.84 b ± 1.8 31.76 b ± 1.0 41.8 a,b ± 2.2
IL-6 29.13 ± 2.2 67.26 a ± 4.1 42.54 b ± 2.4 36.03 b ± 2.5 35.77 b ± 2.9 31.74 b ± 1.8 40.70 a,b  ± 1.6
TGs 48.61 ± 1.2 77.6 a ± 4.2 58.33b ± 2.0 52.27 b ± 1.8# 54.5 b ± 2.3 52.56 b ± 2.2 52.9 b  ± 2.0
TC 112.8 ± 4.9 159 a ± 6.2 137.8 a ,b ± 4.7 130.1 b ± 1.1 127.1 b ± 2.7 124.3 b ± 1.8 127.2 b ± 2.2

HDL 49.89 ± 1.5 37.46 a ± 2.0 43.7 ± 2.50 38.94a ± 1.7 42.44 ± 1.4 34.56 a ± 0.9 40.79 b ± 1.8
LDL 53.17 ± 3.7 106.1 a ± 7.1 82.42 a,b ± 6.8 80.6b ± 1.7 73.74 b ± 2.9 79.26 a,b ± 1.5 75.77 a,b ± 2.9

Letter a- indicates significant variation in comparison with control group.
Letter b- indicates significant variation in comparison with adjuvant group.
TNF α = tumor necrosis factor α; IL-6= interleukine-6; TC= total cholesterol; TGs= triglycerides; HDL= high density lipoprotein cholesterol and LDL= low density lipoprotein 
cholesterol.

Table 2: Biochemical results (mean ±SE) from different rats groups.
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Treatment of arthritis rats with atorvastatin resulted in reduction 
of inflammation by reduction of CRP and lowers the level of tumor 
necrosis factor even more than the decrease recorded with methotrexate 
[32].

 In vitamin D treated group , the results showed a decrease in the 
level of TNFα and IL-6 relatively as vitamin D may reduce expression 
of Prostaglandins ES and increase expression of  Prostaglandins DS by 
antigen presenting cells called dendritic cells from synovium rich tissue  
[33].

Combination of atorvastatin with methotrexate in group VI 
recorded a statistically significant decrease in the level of TNFα and 
IL-6 in comparison with RA group. This decrease was more than that 
recorded with each drug alone while combination of vitamin D with 
methotrexate wasn’t effective as each drug alone.

In the current study, a significant increase in the levels of 
triglycerides, cholesterol and LDL were recorded in adjuvant group. 
This may be occurred due to enhancement of oxidative modification 
of LDL and stimulation of superoxide dismutase secretion from 
monocytes and endothelial cells [25]. In addition, a significant decrease 
in HDL level was observed, this may be due to Paraoxnase activity 
reduction [25]. The decrease in HDL will lead to lose their ability to 
remove cholesterol from atherosclerotic lesions and reducing their 
antioxidant activity [34].

Treatment of arthritis rats with methotrexate leads to decrease the 
elevated levels of TGs, LDL and cholesterol when compared with the 
adjuvant group, however, cholesterol and LDL levels failed to return 
to normal when compared with control group. On the other hand, 
atorvastatin treatment improves the lipid abnormalities caused by RA 
as the values of TGs and TC were return to normal while the HDL and 
LDL were significantly improved when compared with adjuvant group 
but still significantly than normal.

Kremer and Phelps, Choi et al. [35,36] reported that MTX 
treatment  exhibits a substantial survival benefit, mainly by reducing 
cardiovascular mortality while treatment with atorvastatin reduced the 
level of TGs, TC and LDL even better than that caused by methotrexate 
comparing with rheumatoid arthritis group due to inhibition of 
intracellular isoprenoids formation, suppression of vascular and 
myocardial inflammation, favorably modulate vascular and myocardial 
redox state and improve nitric oxide bioavailability [37]. Statins block 
the pathway for synthesizing cholesterol in the liver [38] while vitamin 
D supplementation could increase LDL concentrations, but does not 
appear to significantly affect total cholesterol, HDL and triglycerides 
[39].

It was also stated by Kabel et al. [40] that the combination of MTX 
and atorvastatin had a better effect than each of MTX or atorvastatin 
alone against tissue glutathione reductase, catalase, malondial dehyde, 
cholesterol and tumor necrosis factor alpha in solid Ehrlich tumor in 
mice.

In the present study, administration of vitamin D plus methotrexate 
resulted in significant decrease of the level of LDL less than that decrease 
caused by vitamin D alone or with methotrexate alone compared with 
RA group while the significant decrease in TGs level was more than 
that caused by vitamin D alone. Our results also recorded that the 
decrease in level of cholesterol caused by treatment with vitamin D and 
methotrexate was statistically significant and relatively similar to which 
caused by vitamin D alone on the other hand there was a significant 
decrease in level of HDL.

Conclusion
From the current study, we can concluded that atorvastatin and 

vitamin D showed a powerful anti-rheumatoid effect against Freund’s 
Complete Adjuvant induced rheumatoid arthritis in rats comparable to 
that exerted by DMARDs such as methotrexate. Combination therapy 
was even more effective with less adverse effects than each drug alone 
for further clinical trial.
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