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Effect of Allopurinol and Vitamin E on Rat Model of Rheumatoid Arthritis

Abstract:

Objectives: Rat collagen II�induced arthritis is a model of chronic inammation induced by mycobacterium butyricum and collagen 
II. It is characterized by similar pathophysiological and pathobiochemical changes as rheumatoid arthritis (RA) in humans. In the 
present study, the biochemical effects of vitamin E and  allopurinol (Allo) on RA of rats were investigated. 

Methods: Forty male rats were divided into four groups (10 rats each): control group, collagen II-induced RA group (CII group), 
CII group treated with allopurinol (CII+ Allo ), and  CII group treated with vitamin E (CII + Vit E).  After 6 weeks of treatment, the 
plasma levels of lipid peroxides (LPO), nitric oxide (NO), ceruloplasmin (CP), superoxide dismutase (SOD), uric acid (UA) and 
glutathione (GSH) were detected using colorimetric methods. The plasma levels of PGE2 were measured using ELISA assay. The 
plasma levels of copper (Cu) and zinc (Zn) were determined using atomic absorption spectrometer.      

Results:  In CII treated group, the levels of LPO, NO, PGE2, UA, CP and Cu were signicantly higher, but the levels of SOD, GSH 
and Zn were signicantly lower than controls. In CII + Allo treated group, the levels of SOD and GSH were signicantly increased, 
but the levels of  PGE2,  LPO, NO,  UA, Cu and CP were signicantly decreased in comparison with CII�treated group. The levels 
of SOD, GSH and Zn were signicantly increased, but the levels of  PGE2, NO and CP were signicantly decreased in the vitamin 
E treated group in comparison with CII�treated group. The levels of PGE2, LPO,  Cu and Zn were signicantly lower in vitamin E 
treated group than Allo-treated group. In conclusion, the study suggests that proper antioxidant intake management may reduce 
free radical generation and improve antioxidant status in RA. Allopurinol and vitamins E may effectively normalize in different 
degrees the impaired the oxidant/antioxidant system and may be useful in delaying the complication of RA. Moreover, they display 
anti-inammatory action by decreasing PGE2 level in RA.
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Introduction

[1]

The immunization of mice with collagen II 
(CII) leads to the development of arthritis, the 
collagen-induced arthritis model for RA. CII-
specic activation of both T and B cells is critical 
for the development of arthritis, and the transfer 
of both rodent and human serum with CII-specic 
antibodies induces arthritis in mice [2].

Inammation is known to result in increased 
production of nitric oxide (NO) and prostaglandins. 
NO is an important mediator of diverse physiologic 
and pathologic processes, including arthritis [3]. 
Joint inammation in autoimmune  adjuvant-
induced arthritis is dependent on the enhanced 
production of NO. NO is ideally suited as a potent 
inammatory mediator because of its strong 
reactivity with oxygen, superoxide, and iron-
containing compounds [4].

Prostaglandins are well known as 
proinammatory mediators. The inhibition of 
cyclooxygenase (COX) has been widely used 
in the management of joint inammation, with 
more recent strategies selectively targeting the 
proinammatory inducible form of the enzyme 
COX-2. Levels of prostaglandin E2 (PGE2), the 

key prostaglandin mediating the cardinal signs of 
inammation, are increased in various states of 
inammation [5].

Several lines of evidence suggest that 
oxidative stress has a role in the pathology of 
RA. This oxidative stress, associated with the 
generation of free radicals, is a major contributor 
to joint damage in RA. The insufciency of 
antioxidant defense systems and the acceleration 
of the oxidative reactions can be the results of 
the pro-oxidant/antioxidant imbalance in RA [6]. It 
was demonstrated that the level of free radical-
induced damage to proteins in the synovial uid 
was twice as high in RA [7]. Moreover, it was also 
found that individuals with innately low levels of 
protecting antioxidants in their plasma, such as 
vitamins A and E, carotene and selenium, are 
also at greater risk of developing RA [8].

Zinc (Zn) is a crucial element in a 
series of cellular functions as normal growth, 
protein metabolism, membrane stability, and 
metalloenzyme functions. In addition, Zn has 
several other effects on immune response, 
complement system, lysozomal enzyme 
release, and macrophage functions [9]. Zn is also 
indispensible in many steps of the inammatory 
reactions. Among these are prostaglandin 
biosynthesis, stimulation of lymphocytes and 
immune response, and the scavenging of toxic 
free oxygen radicals. Zn is likewise an important 
element in collagen tissue formation and bone 
metabolism [9].

Copper (Cu) is abundance in the human 
body and nature [10]. Cu is incorporated into the 
structure of many enzymes and proteins [9].  It 
is reported that 30-50% increase in serum Cu 
level during  acute phase response triggered by 
interleukin -1 (IL-1) release largely depend on 
the increased synthesis of ceruloplasmin (CP). 
It is also demonstrated that CP increases during 
acute phase reactions in order to scavenge toxic 
free oxygen radicals [11].

Inammation within tissues induces a 
series of anti-inammatory responses in which 
a number of proteins and enzymes carrying Zn 
and Cu elements are involved. The most notable 
among these are: metallothioneins, CP and 
superoxide dismutase (SOD). Intracytoplasmic 
SOD includes both Cu and Zn, while CP is a 
powerful antioxidant in serum carries only Cu [10]. 
Substantial alterations in the metabolisms of Cu 
and Zn occur through some physiological control 
mechanisms over  inammatory reaction [12].

[13]

[14]
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In view of the animal studies strongly 
suggesting anti-inammatory role of antioxidants 
like SOD and vitamin E in experimentally induced 
arthritis, antioxidant therapy strategies have been 
proposed for the prevention and treatment of RA 
[15]. Various forms of antioxidant therapy have 
demonstrated promising results in experimental 
RA models [16]. 

Materials and Methods
Chemicals

Allopurinol, alpha tocopherol, thiobarbituric 
acid, reduced glutathione, naphthylenediamine 
dihydrochloride, sulphanilamide, sodium nitrite, 
sodium azide, 5,5-Dithiobis (2-Nitrobenzoic 
acid), epinephrine and p-phenylene diamine 
dihydrochloride, complete Freund�s adjuvant 
(CFA) and  incomplete Freund�s adjuvant (IFA) 
were ne grade and obtained from Sigma-Aldrich 
(St. Louis, MO, USA). All other chemicals used 
were of analytical grade.

Animals and experimental design 
Forty healthy male albino rats (Rattus 

norvegicus) with average body weight 150�170 
g were utilized for this study. All animals were 
conditioned at room temperature at a natural 
photoperiod for 1 week before experiment 
excution. A commercial balanced diet and tap 
water ad libitum were provided. The duration of 
experiment was 45 days. They were randomly 
divided into 4 groups (10 rats each) as the 
following:

Control group (Normal group) served as a 
negative control. 

1.

2.

CII + vitamin E�treated group (CII+ Vit. E 
group) was injected with CII, and received 
concomitant vitamin E (100 mg/kg/day/I.M.) 
[18] beginning with the day of adjuvant injection 
for  45 days.
CII+ Allopurinol�treated group (CII+ Allo 
group) was also injected with CII, and 
received  allopurinol (50 mg/kg/day/I.P.) [1, 19] 
beginning with the day of adjuvant injection 
and was continued until the 45th day of the 
experiment.

Biochemical Analysis

[20]

4

3 4

[21]

[22]

[23]

[25]

[15]

The plasma level of  PGE2 was detected 
using ELISA kit (Cat No. KGE004, R&D System 
GmbH, Germany). The minimum detectable 
plasma levels of PGE2 was 27.5 pg/ml.

3.

4.
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Statistical Analysis
The results are expressed as mean ± 

standard error (SE). Differences between groups 
were assessed by one-way analysis of variance 
using the Prism version 4 software package for 
Windows. The level of signicance was accepted 
with P <0.05.

Results

Table (1) Comparison of the effect of allopurinol and vitamin E on the plasma levels of bio-indices among different 
treated rat groups and control group.

2
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Rat group with rheumatoid arthritis
In the CII group, the levels of LPO, NO, 

PGE2, uric acid, CP and Cu were signicantly 
higher than controls. Contrarily, the levels of 
SOD, GSH and Zn were signicantly lower than 
controls.

Allopurinol effect
In the CII+ Allo group, the levels of LPO, NO, 

uric acid, CP and Cu were signicantly increased 
and Zn levels were signicantly decreased, while 
the levels of PGE2, SOD and GSH did not show 
signicant changes in comparison with controls. On 
the other hand, the levels of SOD and GSH were 
signicantly increased, but the levels of  PGE2,  
LPO, NO,  uric acid, Cu and CP were signicantly 
decreased and Zn levels were insignicantly 
increased in comparison with CII�treated group.

Vitamin E effect
In the CII+ Vitamin-E group, the levels 

of LPO, NO, PGE2, uric acid, CP and Cu were 
signicantly increased, but the levels of SOD 
and Zn were signicantly decreased and the 
levels of GSH did not show signicant changes in 
comparison with controls. 

In comparison with CII�treated group, the 
levels of SOD, GSH and Zn were signicantly 
increased, but the levels of  PGE2, NO and CP 
were signicantly decreased in CII+ Vit. E group. 
Also, the levels of LPO, Cu and uric acid were 
insignicantly decreased in vitamin-E treated 
group. 

The levels of PGE2, LPO, Cu and Zn were 
signicantly lower in vitamin E treated group than 
Allo-treated group.

Discussion
Rheumatoid arthritis is an autoimmune 

disease that causes chronic inammation of 
the joints and tissue around the joints with 
inltration of macrophages and activated T cells 
[26]. The pathogenesis of this disease is linked 
predominantly with the formation of free radicals 
at the site of inammation.  Heliovaara et al. [8] 
reported that  a low antioxidant level is a risk factor 
for RA. Some investigations have consistently 
indicated that the inammatory process produces 
oxygen radicals and decreased antioxidant levels, 
which may worsen the symptoms of the RA [27].

During lipid peroxidation, polyunsaturated 
fatty acids are oxidized to produce lipid peroxyl 

radicals that in turn lead to further oxidation 
of polyunsaturated fatty acid in a perpetuating 
chain reaction that can lead to cell membrane 
damage. Matrix degradation arising from cytokine-
stimulated chondrocytes was shown to be primarily 
due to lipid peroxidation, and to be preventable by 
vitamin E, the primary antioxidant for lipids [28].

Oxidative injury and inammatory status 
in various rheumatic diseases were conrmed 
by the increased levels of prostaglandins in 
serum and synovial uid compared to controls 
[29]. In the current work, the levels of LPO, NO 
and PGE2 in RA rat group were signicantly 
higher than controls, but  NO and PGE2 levels 
were signicantly reduced in Allo-, and vitamin 
E-treated groups. Moreover, the levels of LPO 
were signicantly reduced in Allo-treated groups. 
Similarly, the levels of plasma LPO were found 
to be signicantly higher in RA than controls 
in many previous studies [30]. Fermor et al. [31] 

suggested that many factors such as inammation 
and mechanical loading in RA can lead to the 
increased production of inammatory mediators 
such as NO and PGE2. Mahajan and Tandon 
[15] indicated the increased NO and LPO levels in 
RA. They proposed antioxidant therapy strategies 
for the prevention and treatment of RA. Rennie 
et al. [32] found  that vitamin E supplementation 
increase signicantly the levels of antioxidants 
and decrease the concentration of LPO along 
with improved symptoms of RA.      

Previously, Gambhir et al. [33] reported that 
an increase in the in vivo generation of oxidants 
and lipid peroxidation products in the plasma 
of RA  was found to be negatively correlated 
with the antioxidant levels. The levels of SOD 
activity in RA rat group in the current study were 
signicantly lower than controls, but they were 
signicantly higher in Allo- and vitamin E-treated 
groups. This nding is in agreement with previous 
reports [34]. Similarly, Bae et al. [29] found the 
SOD activity  was signicantly lower in RA than 
controls.   Edmonds et al. [35] showed vitamin E 
supplementation improved clinical symptoms of 
RA patients. A possible mechanism by which a 
vitamin E alleviated RA symptoms is the reduction 
of prostaglandins formation, major molecules 
produced during the inammation process. 
DiSilvestro et al. [36] showed that the administration 
of anti-inammatory drugs increases plasma 
SOD activity, indicating the inammation process 
produces free radicals, thereby decreasing SOD 
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activity. The disease itself may inhibit the activity 
of SOD and reduce the synthesis of SOD [37]. 
Also, Thabrew et al. [38] indicated increases in 
serum SOD activity in RA treated with antioxidant 
herbal preparations resulted either from the 
transcriptional activation of these enzymes or the 
removal of oxidative stress.

In the present study, the levels of CP and 
Cu were signicantly higher in CII group than 
control group. The levels of CP and Cu were 
signicantly reduced in the  groups treated with 
Allo and vitamin E, except vitamin E for Cu levels 
in comparison with CII group.  Similarly, many 
investigators found the plasma levels of CP were 
signicantly higher in RA than in controls [21]. 
Moreover, Amancio  et al. [39] found a signicant 
increase of plasma Cu in RA. However, the 
increase in the antioxidant capacity produced by 
CP seems unable to cope with the RA-induced 
oxidative stress, and thus the induced lipid 
peroxidation is not fully prevented (as indicated 
by the increase in LPO values). The nding of 
raised Cu levels in the plasma is to be expected 
because of a concomitant rise of CP, which is an 
acute phase reactant [40]. The increased levels of 
CP observed in the present study may be related 
to its scavenging action of superoxide radicals 
that are generated during the inammatory 
process of RA.

Acute or chronic inammatory processes 
cause an accumulation of copper in many organs, 
particularly in the inamed areas. Additionally, 
a number of biologically active extracellular 
polypeptides, including cytokines and angiogenic 
factors, which participate in the pathogenesis 
and development of inammatory processes, are 
known to be involved in trace metal metabolism. 
Copper plays an important role in the development 
and maintenance of the immune system [41]. Zoli 
et al. [40] revealed that IL-1  and tumor necrosis 
factor-alpha levels signicantly correlate with 
serum copper concentrations. In the recent study, 
in vivo, copper chelation with tetrathiomolybdate 
strongly repressed acute inammation and onset 
of RA model through the inhibition of mononuclear 
cell inltration, and pannus formation [42]. Also, 
Brewer [43] reported that anticopper therapy such 
as penicillamine has efcacy in RA. 

In the present study, the levels of Zn and 
GSH were signicantly lower in CII group than 
control group. Moreover, the levels of Zn and 
GSH were signicantly elevated in the vitamin 

E  and Allo-treated  groups in comparison with 
CII group. Previously, Tuncer et al. [44] found 
plasma zinc levels are decreased signicantly in 
RA. The authors suggested that low plasma Zn 
levels in RA is one of the non-specic features 
of inammation. It has been postulated that low 
serum zinc may be caused by elevated IL-1 
associated with RA [10].  With acute inammation, 
the acute phase response may move Zn into the 
liver and the reduced plasma concentration may 
not be an indicative of overall deciency [45].  It 
is unclear whether chronic cytokine release, as 
is seen in RA, causes a shift of Zn from one 
compartment to another or if there is a true Zn 
depletion. 

GSH plays an important role in the protection 
of cells and tissue structures. Its role  includes 
the detoxication of xenibiotics, free radicals, 
peroxides and the regulation of immune function 
[46]. The authors  reported that low levels of GSH 
are implicated in RA. In addition, it is found that Zn-
decient rats have lowered GSH concentrations. 
This nding may explain the reduction of plasma 
level of GSH in RA in our study.  Moreover, Miesel 
and Zuber [47] suggested that the participation of 
xanthin oxidase in the depletion of serum GSH 
in RA. Also, Hassan et al. [34] found that RA was 
associated with signicant depletion in GSH 
levels. The effect of GSH and Zn on each other 
is still controversial according to the available 
literature.

Uric acid is considered one of the non-
enzymatic antioxidants, but increased production 
of uric acid means increased free radical 
production due to the activation of the xanthine 
oxidase enzyme system [48]. The levels of uric 
acid were signicantly higher in our RA rats than 
control. Moreover, the levels of uric acid were 
signicantly reduced in the groups treated with 
vitamin E and allopurinol in comparison with RA 
rats.  Smolenska et al. [49] found high levels of 
uric acid in RA. Forrest et al. [50] suggested that 
hyperuricemia may enhance some aspects of 
rheumatoid inammation, and uric acid may 
modulate an important component of rheumatoid 
autoimmunity.  Hagfors et al. [51] reported that 
the inverse correlation between the thrombocyte 
count and uric acid indicates to the association 
of uric acid levels with a degree of inammation. 
Specic supplementation of oral vitamin E, the 
major lipid-soluble antioxidant in human plasma, 
erythrocytes, and tissue, had no effect on RA 
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disease activity or indices of inammation, but did 
improve pain, suggesting a role in central analgesia 
mechanisms [35]. In a separate study of patients 
with RA, supplementation with vitamin E increased 
plasma antioxidant levels with a corresponding 
decrease in LPO, a marker of oxidative stress; 
however, a clinical response was not reported 
[52]. Miesel et al. [53] suggested that antioxidants 
like allopurinol, which simultaneously modify the 
oxidative burst of phagocytes, inhibit xanthine 
oxidase, and display immunosuppressively effects 
may well be suited to control the consequences of 
chronic phagocytic hyperreactivity in RA. Namazi 
[54] reported that Allo, a competitive inhibitor of 
xanthine oxidase, decreases  serum levels of uric 
acid in autoimmune disorders such as RA. The 
reaction of uric acid with free radicals, such as 
hydroxyl radical and hypochlorous acid, results 
in allantoin production, which suggests that uric 
acid acts as a free radical scavenger and thus is 
converted to allantoin. Increased allantoin levels 
suggest the possible involvement of free radicals 
in rheumatoid arthritis [55].

In conclusion, this study suggests a proper 
management of antioxidant intake may reduce 
free radical generation and improve antioxidant 
status in RA. Allopurinol and vitamin E may 
effectively normalize in different degrees the 
impaired the oxidant/antioxidant system and may 
be useful in delaying the complication of RA. 
These antioxidants display considerable potency 
in anti-inammatory action and have prominent 
effects on RA by decreasing PGE2 level in RA 
rat model. The anti-inammatory activity of 
Allopurinol was most likely comparable to other 
antioxidants. We recommend that they may be 
considered in drug therapy of RA.
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