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

Objectives: Rat collagen Il-induced arthritis is a model of chronic inflammation induced by mycobacterium butyricum and collagen
II. 1t 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 Il-induced RA group (CII group),
ClIl group treated with allopurinol (ClI+ Allo ), and CII group treated with vitamin E (Cll + 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 Cll treated group, the levels of LPO, NO, PGE2, UA, CP and Cu were significantly higher, but the levels of SOD, GSH
and Zn were significantly lower than controls. In CII + Allo treated group, the levels of SOD and GSH were significantly increased,
but the levels of PGE2, LPO, NO, UA, Cu and CP were significantly decreased in comparison with Cll-treated group. The levels
of SOD, GSH and Zn were significantly increased, but the levels of PGE2, NO and CP were significantly decreased in the vitamin
E treated group in comparison with Cll-treated group. The levels of PGE2, LPO, Cu and Zn were significantly 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-inflammatory action by decreasing PGE2 level in RA.
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Introduction

Rheumatoid arthritis (RA) is a polyarticular
disease affecting about 1% of the population
worldwide. It can be an autoimmune disease
characterized by chronic inflammation, progressive
joint destruction, physical impairment, work disability
and early morbidity and mortality. The process
of disease progression is characterized by the
hyperplasia of synoviocytes, mainly of synovial
fibroblasts, resulting in bone and joint destruction ™.

The immunization of mice with collagen I
(Cll) leads to the development of arthritis, the
collagen-induced arthritis model for RA. CII-
specific activation of both T and B cells is critical
for the development of arthritis, and the transfer
of both rodent and human serum with Cll-specific
antibodies induces arthritis in mice .

Inflammation is known to result in increased
production of nitric oxide (NO) and prostaglandins.
NO is animportant mediator of diverse physiologic
and pathologic processes, including arthritis B,
Joint inflammation in autoimmune adjuvant-
induced arthritis is dependent on the enhanced
production of NO. NO is ideally suited as a potent
inflammatory mediator because of its strong
reactivity with oxygen, superoxide, and iron-
containing compounds “,

Prostaglandins are well known as
proinfammatory mediators. The inhibition of
cyclooxygenase (COX) has been widely used
in the management of joint inflammation, with
more recent strategies selectively targeting the
proinflammatory inducible form of the enzyme
COX-2. Levels of prostaglandin E, (PGE,), the
key prostaglandin mediating the cardinal signs of
inflammation, are increased in various states of
inflammation ®.

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 insufficiency of
antioxidant defense systems and the acceleration
of the oxidative reactions can be the results of
the pro-oxidant/antioxidant imbalance in RA [, |t
was demonstrated that the level of free radical-
induced damage to proteins in the synovial fluid
was twice as high in RA . 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 ©,

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 . Zn is also
indispensible in many steps of the inflammatory
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 [,

Copper (Cu) is abundance in the human
body and nature 9. Cu is incorporated into the
structure of many enzymes and proteins ©. |t
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 1,

Inflammation within tissues induces a
series of anti-inflammatory 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 29,
Substantial alterations in the metabolisms of Cu
and Zn occur through some physiological control
mechanisms over inflammatory reaction 22,

CP is a major protein that circulates in the
plasma and functions as a copper transporter
that is able to couple and transport 90-95%
of serum copper. It has been shown that this
protein has also antioxidant functions, which
can be proven beneficial in several pathological
conditions 3. CP is an acute-phase protein
with a moderate reaction, up to 2- or 3-fold
increase, in inflammatory conditions. CP is
mainly synthesized in hepatocytes and is
secreted in plasma with six copper atoms
strongly coupled to the molecule. CP and
the copper are modified in parallel during
inflammatory disease. This seems to indicate a
linked mediation or a coordinated regulation of
CP and serum copper 4,
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In view of the animal studies strongly
suggesting anti-inflammatory 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
51 Various forms of antioxidant therapy have
demonstrated promising results in experimental
RA models ¢,

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 fine 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:

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

2. Adjuvant arthritic group (Cll group) served
as positive control. Bovine collagen type I
(Cll)ywasdissolvedin0.01 N aceticacid and
emulsified in an equal volume of complete
Freund’s adjuvant (CFA) containing 1 mg/
ml heat-killed mycobacterium tuberculosis
(Sigma-Aldrich). Rheumatoid arthritis was
induced by the initial immunization with
100 ug/100 ul emulsion by an intradermal
injection in the base of the tail. Twenty one
days later after the initial immunization,
the rats received a boost intradermal
injection (base of the tail) of 100 ug/100
pl of bovine Cll emulsified in incomplete
Freund’s adjuvant (IFA) U'7.

3. CIl + vitamin E-treated group (Cll+ Vit. E
group) was injected with CII, and received
concomitant vitamin E (100 mg/kg/day/I.M.)
(81 heginning with the day of adjuvant injection
for 45 days.

4. CIlI+ Allopurinol-treated group (CIllI+ Allo
group) was also injected with CII, and
received allopurinol (50 mg/kg/day/I.P.) -2
beginning with the day of adjuvant injection
and was continued until the 45th day of the
experiment.

All  tested substances (vitamin E;
allopurinol) were administrated daily for 45 days
(experiment duration). The animals of different
groups were sacrificed under light anesthesia
1 day after the end of the treatment. The blood
samples from all groups were collected from
the orbital vein in heparinized tubes and were
centrifuged at 5000 rpm for 10 minutes for
plasma separation. The plasma sample was
divided into aliquots and kept at -26°C until
biochemical analyses.

Biochemical Analysis

The plasma levels of lipid peroxides (LPO)
were measured as thiobarbituric acid reactivity
(TBARS). The product of the reaction between
malondialdehyde and thiobarbituric acid was
measured as described elsewhere 20, The
plasmalevels of nitric oxide (NO) was determined
as total nitrite after deproteinzation with ZnSO,
(30%), nitrate reduction with cadmium (activated
by 2% HCL) and the color developed by the
reaction with Griess reagent (1% sulfanilamide/
0.1% naphthyelthylene diamine diHCL, w/v in
2.5% H,PO,) was recorded at 550 nm against
reagent blank using sodium nitrite as standard
2l The plasma GSH levels were determined
chemically as described by Ellman 22, The
plasma SOD activity was determined according
to its ability to inhibit the autooxidation of
epinephrine at alkaline medium 231, The plasma
CP activity was determined using a para-
phenylenediamine dihydrochloride method [,
The plasma uric acid level was determined by
enzymatic colorimetric method 51,

The plasma level of PGE, 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.
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The plasma levels of zinc and copper
were determined by employing flame atomic
absorption spectrometry. The concentrations
of zinc and copper were determined by using
concentrated H,SO, and 1% H,NO, mixture.
Standard solutions used for calibration for Zn
andCuwere 987 mg/ml(in 1% HNO3)and 1005
mg/mL (in 1% HCI) (Sigma-Aldrich, St. Louis,
MO, USA) respectively. Metal measurement
was performed with a Perkin-Elmer model
400 Atomic Absorption  Spectrometer
(PerkinElmer, Shelton, CT, USA), double
beam and deuterium background correction.
Hollow cathode lamps of Zn, and Cu were
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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 significance was accepted
with P <0.05.

Results

Table 1 shows the measured bioindices
in different treated rat groups compared with
control group.

used at 213.86 and 249.22 respectively.

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.

D P- Val
(B) () Cl +(vi:amin aue
Parameters A) Controls) Cll-treated Cll+ Allo. E- treated
Group Treated group Group AvsB|AvsC|AvsD|BvsC|BvsD|CvsD
PGE + 192500 +683.400 +249.300 + 484.800 0.05<
(pg/mi) 12.200 43.190 48.080 34.860 0.001>| "\ | 0.001>10001> 0.01> 0.001>
(LPO (nmoliml | 0.441+3218 | 1.193+8000 | 0.355+4.491 | 028945520 | 0.01> | 0.05> | 0.001>| 0.05> °£g< 0.05>
(NO (ng/ml 0215+3619 | 1.248+8520 | 0.366+5.721 | 0.3466 +4.758 | 0.001>| 0.001> | 0.05> | 0.05> | 001> °£g<
(GSH (nmol/ml | 0.249+4265 | 0.306+2749 | 0396+4692 | 0258+4.354 | 001> °£g< °£g< 0.01> | 0.001> °£g<
+344.700 +109.800 +227.700 +226.000 0.05< 0.05<
(SOD (U/ml 41290 18.720 44.950 20,460 0.001>| "\ o” | 005> | 005> [0.001> [ "2
Uric a(f;‘f Mg/ | 013944319 | 0.853+8422 | 029845504 | 05346503 |0.001>| 0.01> |0.001>| 001> °£g< °£g<
Copper 0.05<
(ugm) 0.098+2.374 | 0.166+3.645 | 0.139+2923 | 0.188+3.557 |0.001>| 0.01> [0.001>f 01.0> | " .2~ | 0.05>
Ceruloplasmin +225 500 +135.400 + 166.700 0.05<
(gl 11.320 + 95.860 13,090 12 980 13.070 0.001> | 0.05> [ 0.001>]0.001>[ 0.01> | ~\ o
Zinc 0.05<
(ug/m) 0.311£3662 | 0.078+0.616 | 0.088+0.6832 [ 0.199£1.334 |0.001>]0.001>]0.001>[ "\ =" | 0.01> | 0.01>
Values are means £SE for 10 rats (N= 10 for each group). Other details are given in materials

and methods section.
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Rat group with rheumatoid arthritis

In the CII group, the levels of LPO, NO,
PGE,, uric acid, CP and Cu were significantly
higher than controls. Contrarily, the levels of
SOD, GSH and Zn were significantly lower than
controls.

Allopurinol effect

In the CII+ Allo group, the levels of LPO, NO,
uric acid, CP and Cu were significantly increased
and Zn levels were significantly decreased, while
the levels of PGE,, SOD and GSH did not show
significant changes in comparison with controls. On
the other hand, the levels of SOD and GSH were
significantly increased, but the levels of PGE,,
LPO, NO, uric acid, Cu and CP were significantly
decreased and Zn levels were insignificantly
increased in comparison with Cll-treated group.

Vitamin E effect

In the CIlI+ Vitamin-E group, the levels
of LPO, NO, PGE,, uric acid, CP and Cu were
significantly increased, but the levels of SOD
and Zn were significantly decreased and the
levels of GSH did not show significant changes in
comparison with controls.

In comparison with Cll-treated group, the
levels of SOD, GSH and Zn were significantly
increased, but the levels of PGE,, NO and CP
were significantly decreased in ClI+ Vit. E group.
Also, the levels of LPO, Cu and uric acid were
insignificantly decreased in vitamin-E treated
group.

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

Discussion

Rheumatoid arthritis is an autoimmune
disease that causes chronic inflammation of
the joints and tissue around the joints with
infiltration of macrophages and activated T cells
281 The pathogenesis of this disease is linked
predominantly with the formation of free radicals
at the site of inflammation. Heliovaara et al. ©
reported that alow antioxidant level is a risk factor
for RA. Some investigations have consistently
indicated that the inflammatory process produces
oxygen radicals and decreased antioxidant levels,
which may worsen the symptoms of the RA &7,

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 2.

Oxidative injury and inflammatory status
in various rheumatic diseases were confirmed
by the increased levels of prostaglandins in
serum and synovial fluid compared to controls
9 In the current work, the levels of LPO, NO
and PGE, in RA rat group were significantly
higher than controls, but NO and PGE, levels
were significantly reduced in Allo-, and vitamin
E-treated groups. Moreover, the levels of LPO
were significantly reduced in Allo-treated groups.
Similarly, the levels of plasma LPO were found
to be significantly higher in RA than controls
in many previous studies B%. Fermor et al. B
suggested that many factors such as inflammation
and mechanical loading in RA can lead to the
increased production of inflammatory mediators
such as NO and PGE2. Mahajan and Tandon
8] indicated the increased NO and LPO levels in
RA. They proposed antioxidant therapy strategies
for the prevention and treatment of RA. Rennie
et al. B2 found that vitamin E supplementation
increase significantly the levels of antioxidants
and decrease the concentration of LPO along
with improved symptoms of RA.

Previously, Gambhir et al. I 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
significantly lower than controls, but they were
significantly higher in Allo- and vitamin E-treated
groups. This finding is in agreement with previous
reports B4, Similarly, Bae et al. 29 found the
SOD activity was significantly lower in RA than
controls. Edmonds et al. B 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 inflammation process.
DiSilvestro et al. ¥ showed that the administration
of anti-inflammatory drugs increases plasma
SOD activity, indicating the inflammation 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 &,
Also, Thabrew et al. ¥ 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 significantly higher in CII group than
control group. The levels of CP and Cu were
significantly reduced in the groups treated with
Allo and vitamin E, except vitamin E for Cu levels
in comparison with CIlI group. Similarly, many
investigators found the plasma levels of CP were
significantly higher in RA than in controls 2%,
Moreover, Amancio et al. B found a significant
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 finding of
raised Cu levels in the plasma is to be expected
because of a concomitant rise of CP, which is an
acute phase reactant %, 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 inflammatory
process of RA.

Acute or chronic inflammatory processes
cause an accumulation of copper in many organs,
particularly in the inflamed areas. Additionally,
a number of biologically active extracellular
polypeptides, including cytokines and angiogenic
factors, which participate in the pathogenesis
and development of inflammatory processes, are
known to be involved in trace metal metabolism.
Copper plays animportant role in the development
and maintenance of the immune system ¥, Zoli
et al. % revealed that IL-1B and tumor necrosis
factor-alpha levels significantly correlate with
serum copper concentrations. In the recent study,
in vivo, copper chelation with tetrathiomolybdate
strongly repressed acute inflammation and onset
of RA model through the inhibition of mononuclear
cell infiltration, and pannus formation “2. Also,
Brewer 3 reported that anticopper therapy such
as penicillamine has efficacy in RA.

In the present study, the levels of Zn and
GSH were significantly lower in Cll group than
control group. Moreover, the levels of Zn and
GSH were significantly elevated in the vitamin

E and Allo-treated groups in comparison with
CIl group. Previously, Tuncer et al. ¥4 found
plasma zinc levels are decreased significantly in
RA. The authors suggested that low plasma Zn
levels in RA is one of the non-specific features
of inflammation. It has been postulated that low
serum zinc may be caused by elevated IL-1
associated with RA 9. With acute inflammation,
the acute phase response may move Zn into the
liver and the reduced plasma concentration may
not be an indicative of overall deficiency ¥, 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 animportant 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
81 The authors reported that low levels of GSH
areimplicated in RA. Inaddition, itis found that Zn-
deficient rats have lowered GSH concentrations.
This finding may explain the reduction of plasma
level of GSH in RAin our study. Moreover, Miesel
and Zuber ¥ suggested that the participation of
xanthin oxidase in the depletion of serum GSH
in RA. Also, Hassan et al. ® found that RA was
associated with significant 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 8. The levels of uric
acid were significantly higher in our RA rats than
control. Moreover, the levels of uric acid were
significantly reduced in the groups treated with
vitamin E and allopurinol in comparison with RA
rats. Smolenska et al. “@ found high levels of
uric acid in RA. Forrest et al. B9 suggested that
hyperuricemia may enhance some aspects of
rheumatoid inflammation, and uric acid may
modulate an important component of rheumatoid
autoimmunity. Hagfors et al. B! reported that
the inverse correlation between the thrombocyte
count and uric acid indicates to the association
of uric acid levels with a degree of inflammation.
Specific 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 inflammation, but did
improve pain, suggesting arole in central analgesia
mechanisms . 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
B2 Miesel et al. 5% 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
B4 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 %,

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-inflammatory action and have prominent
effects on RA by decreasing PGE, level in RA
rat model. The anti-inflammatory 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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