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ABSTRACT 
 
Background: Rheumatoid arthritis (RA) is a progressive, chronic inflammatory 
disease with uncertain pathogenesis. It is characterized by polyarthritis and high 
concentrations of pro-inflammatory cytokines. There is a growing body of evidence 
indicates that free radicals play an important role in the pathophysiology of the 
chronic inflammatory state associated with rheumatoid arthritis. Alpha-lipoic acid 
(α-LA) is a naturally occurring dithiol compound which is known to elicit a unique set 
of biochemical activities with potential potent biological antioxidant effect. Also, it 
may play a role in modulation of various inflammatory signaling pathways. 
Objective: The purpose of this study was to assess the efficacy of alpha-lipoic acid (α-
LA), to attenuate the development of rheumatoid arthritis in rat model of collagen-
induced arthritis. Also, the study discussed the possible mechanisms by which α-LA 
can alleviate the severity of rheumatoid arthritis. Methods: The study was carried on 
30 of female rats divided into 3 groups: control group (group I), Collagen II-induced 
arthritis group (group II) and CII + alpha lipoic acid treated group (group III). 
Rheumatoid arthritis was induced in rats of group II by immunization 
with100μg/100μl of emulsion of bovine collagen II in the base of the tail. Rats of 
group III were injected by CII, and received α-LA daily (100 mg/kg/day/ 
intraperitonially) for 42 day. Clinical evaluation of arthritis and follow up of body 
weight was done in all groups throughout the experiment to assess the development 
and severity of arthritis. Biochemical analysis of blood samples of all groups has 
been done to evaluate some markers of oxidative stress and inflammation markers. 
So, plasma levels of lipid peroxides (LPO), nitric oxide (NO) and superoxide 
dismutase (SOD) were measured for the evaluation of oxidative stress. Also, plasma 
levels of prostaglandin E2 (PGE2), C-reactive protein (CRP) and tumor necrosis 
factor-��� (TNF-���) were measured for evaluation of inflammation. Results: 
By end of the study, injection of rats of group II with collagen II induced arthritic 
manifestations in all rats of this group with gradually progressive decrease of mean 
body weight continued till end of the experiment. Treatment of rats of group III with 
α-LA led to improvement of most of the clinical arthritic parameters with significant 
attenuation in body weight loss in this group as compared to rats of group II. There is 
a significant increase in plasma level of oxidative stress markers in all rats of group 
II as indicated by increased serum level of lipid peroxides (LPO) and nitric oxide 
(NO), with a significant reduction in plasma level of superoxide dismutase (SOD) 
when compared with levels of control group. Also, the study revealed a significant 
increase in plasma level of inflammatory markers e.g., prostaglandin and C-reactive 
protein (PGE2 and CRP) as well as increase in plasma level of the pro-inflammatory 
cytokine; TNF-α  in CIA rats (group II). Administration of α-LA to rats of group III 
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induced significant reduction of plasma level of LPO and NO with significant 
increase in plasma level of SOD as compared with group II. Additionally, there is a 
significant reduction in plasma levels of the measured inflammatory markers ((PGE2, 
CRP and TNF-α) in rats of group III as compared with group II. Conclusion: It could 
be concluded that α-LA has a role to prevent oxidative stress and to support 
antioxidant system against oxidative damage in collagen-induced arthritis model rats. 
Also, amelioration of joint damage in CIA rats by α-LA was associated with inhibition 
of inflammatory process as indicated by lowering plasma level of TNF-α, 
prostaglandin and C-reactive protein. Results of the present study indicate that α-LA 
may be a new adjunctive therapy for rheumatoid arthritis as it has a potent 
antioxidant as well as anti-inflammatory effect. Collectively, these findings may 
encourage further exploration of the usefulness of lipoic acid in arthritis. 
 

INTRODUCTION 
 

Rheumatoid arthritis (RA) is a 
chronic, progressive erosive 
inflammatory disease of the synovium 
whose pathogenesis is uncertain. 
Genetic and environmental factors 
play a role in the pathogenesis (1). The 
prevalence of RA is about 1 % of the 
population of the world. Females have 
a higher incidence (3:1) than males (2). 
Rheumatoid arthritis is a lifelong 
disease, although patients can go into 
remission.  Disease progression 
ultimately leads to disability, and in 
its most severe forms, RA is 
associated with increased mortality (3). 
The disease is characterized by 
synovitis with infiltration of synovial 
tissue with inflammatory cells which 
produce various inflammatory 
cytokines and growth factors, are 
intimately involved in a variety of 
symptoms of RA(4,5). These cytokines, 
notably tumor necrosis factor-alpha 
(TNF-α)(6) and interleukin-6 (IL-6) (7), 
may promote the development of 
osteoclasts (8), which increases bone 
erosion and systemic bone loss(9). 

It has already been demonstrated 
that reactive oxygen species (ROS) 
are increasingly produced by 

inflammatory cells in response to 
stimulation by pro-inflammatory 
cytokines such as TNF-α, IL-1 and IL-
6. These ROS act as a messenger of 
the intracellular signaling pathway 
(nuclear factor-kappa B-“NF-κB”), 
suggesting that ROS in turn activate 
inflammatory cells that have a part in 
the progression of inflammation(10,11). 
Generation of hydroxyl radical in RA 
patients seems able to modify the 
structure of human IgG, thereby 
increasing the production of 
rheumatoid factors, the biologic 
hallmark of the disease(12). ROS are 
highly reactive chemical species, 
which are formed during normal 
aerobic metabolism in cells and after 
the activation of phagocytes during 
infection or inflammation(13). Cells are 
normally protected from ROS-induced 
damage by a variety of endogenous 
scavenging proteins, enzymes and 
chemical compounds that constitute 
the endogenous antioxidant 
systems(14). It has been reported that 
ROS destroy antioxidant systems (in 
fact antioxidant systems are impaired 
in RA) and that RA patients are thus 
exposed to oxidant stress and lipid 
peroxidation because of the reduced 
antioxidant defence system(15).  
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Recent studies indicated that 
reactive oxygen species (ROS) play 
an important role in the development 
of RA, in that in these patients the 
antioxidant system is impaired and 
peroxidation reactions are 
accelerated(1). Epidemiological studies 
have shown that RA occurs in 
previously healthy subjects who have 
low levels of circulating antioxidants, 
implying a pathogenic role of 
increased oxidative stress in the 
development of RA. Targeting of 
ROS could have a therapeutic value in 
arthritis as a strategy to reduce the 
development of inflammation. Many 
therapeutic trials have assessed the 
clinical value of antioxidants 
administration in RA in an effort to 
restore a normal pool of ROS 
scavengers(16,17). 

Alpha lipoic acid (also known as 
thioctic acid), has a high reactivity 
with oxygen free radicals and 
potential activity as a strong free 
radical scavenger. Alpha lipoic acid 
(α-LA) has generated considerable 
clinical interest as a potent scavenger 
of reactive oxygen species as it 
quenches singlet oxygen, hydroxyl 
radical and hypochlorus acid(18). 
Alpha lipoic acid is considered as a 
unique metabolic antioxidant as this 
small molecule is soluble in both 
water and fat. This is significant 
because water soluble antioxidant 
nutrients (vitamin C for example) are 
found within the cell and fat soluble 
antioxidants (vitamin E for example) 
are found on the cell membrane. 
Because Alpha lipoic acid (α-LA) 
works both inside the cell and at the 
membrane level, it can give a dual 
protection(19). 

Lipoic acid contains two thiol 
groups, which may be oxidized or 
reduced; both forms of lipoic acid are 
antioxidants(20). Most antioxidant 
substances can be oxidized and 
reduced and usually can only act as 
antioxidants when they are in their 
reduced form. Alpha lipoic acid is 
unique in that both its oxidized and 
reduced forms possess antioxidant 
properties. Alpha lipoic acid is able to 
inhibit free radical reactions from 
such diverse sources as those 
generated from the body's own 
metabolism or from various 
environmental sources(21).  

Alpha lipoic acid is a naturally 
occurring compound that is 
synthesized in small amounts by 
plants and animals; including 
humans(22,23). In humans, α-LA is 
synthesized in liver and other tissues 
and is also obtained from both animal 
and plant sources in the diet. It is 
readily absorbed from the diet. α-LA 
is found in animal tissues with 
extensive metabolic activity such as 
heart, liver, and kidney. The plant 
sources of α-LA, listed from highest 
to lowest, are spinach, broccoli, 
tomatoes, peas, brussel sprouts, and 
rice bran (20). 

Immunization of rats with 
collagen II (CII) leads to development 
of arthritis ”the collagen-induced 
arthritis model for RA”(24). Rat type II 
collagen (CII)–induced arthritis (CIA) 
is commonly used as an animal model 
of RA because it includes some of the 
clinical and pathological features 
similar to those of human RA. It is 
usually used to investigate 
mechanisms relevant to RA as well as 
new antiarthritic treatments(25). 
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Aim of the work: 
The purpose of the present study 

was to assess effect of alpha-lipoic 
acid (α-LA) to attenuate the 
development of rheumatoid arthritis in 
rat model of collagen II-induced 
arthritis (CIA). Clinical and 
biochemical assessment of many 
arthritic parameters have been studied 
in this work to evaluate the potentially 
protective effect of α-LA 
administration in CIA rats.  
 
MATERIALS & METHODS 

 
Animals: 

Thirty healthy female albino rats, 
their body weight ranged 150–170 g 
were included in the present study. All 
animals were conditioned at room 
temperature and natural photoperiod 
for 1 week before the start of the 
experiment. A commercial balanced 
diet and tap water were provided. The 
duration of experiment was 42 days.  
Animals grouping: 
Rats were randomly divided into 3 
groups (10 rats each) as the following: 
1- Control group: group I 
2- Collagen II-induced arthritis 

(CIA) group (group II): injected 
with bovine collagen II as 
described by Terato et al.,(26). 

3- CII + alpha lipoic acid (α-LA ) - 
treated group (CIA+ α-LA 
group): group III. Rats of group 
III were injected by CII, and 
received α-LA daily in a dose of 
100 mg/kg/day/ intraperitoneally 
as mentioned by Lee et al.,(1), 
from the beginning of CII 
injection for 42 days. α-LA was 
purchased from Sigma Chemical 
(St. Louis, MO, USA). 

 

Methods: 
I- Induction of Collagen II-induced 
arthritis (CIA): CIA was induced as 
previously described by Terato et 
al.,(26). Briefly, collagen type II (CII) 
was dissolved in 0.01 N acetic acid 
and emulsified in an equal volume of 
complete Freund’s adjuvant (CFA) 
containing 1mg/ml heat-killed 
Mycobacterium tuberculosis (Sigma-
Aldrich). Rheumatoid arthritis was 
induced by the initial immunization 
with100μg/100μl emulsion by an 
intradermal injection in the base of the 
tail. Twenty one days later after the 
initial immunization, rats received a 
booster intradermal injection of 
bovine CII. 
-Animals of different groups were 
sacrificed under light anesthesia at the 
end of the experiment. Blood samples 
from all groups were collected from 
the orbital vein in heparinized tubes 
and were centrifuged at 5000 rpm for 
10 min for plasma separation. Plasma 
samples were divided into aliquots 
and kept at -40 oC until biochemical 
analysis.  
II- Clinical evaluation of arthritis: 

All rats of group II and group III 
were inspected every third day after 
CII injection to assess the 
development and severity of arthritis. 
Each paw of all rats was inspected for 
signs of inflammation as swelling, 
erythema or both. Also, signs of 
arthritis in the joints (namely, wrist, 
knee and ankle joints) as swelling, 
tenderness and movement limitation 
had been assessed.  
III- Follow up of body weight: 

Changes in body weight were 
monitored with electronic scale for 
rats of all groups. Body weight for 
every rat in each group was evaluated 
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5 times: at the first day of the 
experiment (day 0), 2 weeks after 
induction of arthritis (day 15), just 
before injection of the booster dose 
(day 21), one week after booster dose 
(day 28) and finally at the end of the 
experiment (day 42).  
IV- Biochemical analysis 

In this study, measurement of 
markers of oxidative stress and 
inflammation has been done. So, the 
study measured the following 
parameters: 

1. Plasma levels of lipid peroxides 
(LPO) were measured according 
to the method described by 
Thayer et al.,  (27).  

2. Plasma level of nitric oxide (NO) 
was determined by the method of 
Van Bezooijen et al.,(28). 

3. Plasma level of superoxide 
dismutase (SOD) was 
determined according to the 
method of Misra and 
Fridovich(29). 

4. Plasma level of prostaglandin E2 
(PGE2) was determined by an 
ELISA kit for quantitative 
determination of prostaglandin 
E2, Cat. No. 900-001, 
manufactured by Assay Designs 
Inc. Correlate EIA. Ann Arbor, 
Michigan USA. The 
measurement was performed 
according to the method 
described by the manufacture.  

5. Plasma level of C-reactive 
protein (CRP) was determined 
by an ELISA kit for quantitative 
determination of C-reactive 
protein. The kit was 
manufactured by Helica 
Biosystem, Inc. The measurement 
was performed according to the 
method included with the kits.  

6. Plasma level of tumor necrosis 
factor-��� (TNF-) was 
determined by an ELISA 
commercial kit “Rat TNF-”, it 
was obtained from KOMA 
Biotech Product Description, 
Catalog No: K0921181. The 
measurement was performed 
according to the method included 
with the kits. 

Statistical analysis:  
All values were expressed as the 

mean ± standard error (M ± SE). The 
statistical significance between two 
groups was analyzed by student t-test. 
P value <0.05 was considered to 
represent a significant difference. 
Spearman's correlation test was also 
used to study correlation between 
groups with a range from –1 to 1.  
 

RESULTS 
 

I- Clinical assessment of collagen II-
induced arthritis (CIA) and role of 
α-LA:  
 Rats of group II (CIA group): By 

the end of the study, it was 
observed that arthritis had been 
successfully created in all rats of 
group II. Signs of arthritis were 
varied from mild swelling and/or 
redness of the paw or one digit till 
severe arthritis affecting most of the 
joints, led to limitation of all 
movement of the rat. The initial 
signs of arthritis in most animals of 
group II were evident at day 13, all 
animals gave signs of arthritis at 
day 18; they were maintained 
arthritic until the end of the 
experiment. The first manifestation 
of the disease was mild swelling 
and/or redness of the paw, followed 
by erythema and swelling of one or 
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more joints, followed by 
involvement of most of the joints. 
The course of the disease was 
progressive. Four days after 
injection of the booster dose, the 
intensity of arthritis increased 
markedly in all rats of group II, 
nearly, all rats can not move from 
severity of the pain and the swelling 
of the joints.  

 Rats of group III (CII+ α-LA): 
Rats of group III showed marked 
attenuation in the incidence of 
development of arthritis (less than 
half of the rats). Also, severity of 
induced arthritis is much less than 
those in rats of group II. Animals 
showed only mild swelling and 
erythema affecting only one or two 
joints. No increase in the intensity 
of arthritis after injection of the 
booster dose. No restriction in the 
movement observed in rats of this 
group. The course of arthritis is 
regressive with marked clinical 
improvements of all rats of group 
III when compared with group II. 
At the end of the study, most rats 
showed normal clinical picture as 
those of control group.  

II- Follow up of body weight: 
In the first 2 weeks, the normal 

gain in body weight was comparable 
in all groups, and no significant 
differences were seen between them. 
Rats of control group (group I) 
showed gradual, progressive weight 
gain through out whole duration of the 
experiment. By end of the study, 
control rats gained more than 25% of 
their original weight at the beginning 
of the study. Rats of Group II (CIA 
group) began to show less weight 
gain than the control rats after 2 
weeks. By the day 21, a significant 

decrease in body weight (p<0.01) was 
observed in CIA rats compared with 
the control rats. After that, the mean 
body weight of CIA group showed 
progressive gradual decrease 
continued till end of the experiment 
(day 42). The highest body weight 
loss was significant at 4 and 6 weeks 
in the CIA group, in comparison with 
the control group (p<0.001).       

Daily injection of rats of group 
III with α-LA 100 mg/kg/day 
significantly attenuated the loss in 
body weight in this group relative to 
weights of rats of group II. Rats of 
group III exhibited slightly significant 
loss of normal weight gain at the onset 
of arthritis (day 21) as compared to 
control group (p<0.05), but slowly 
regained weight during the following 
days. At the end of the study, group 
III showed non significant difference 
in their body weight (p>0.05) in 
comparison to control group. (Table 
1). 
III- Effect of α-LA on plasma levels 
of lipid peroxides, nitric oxide and 
superoxide dismutase in CIA rats:  

Table (2) showed that plasma 
levels of oxidative stress markers 
(lipid peroxides and nitric oxide) were 
highly significantly increased 
(p<0.001) in CIA group (group II) as 
compared to the control group (group 
I). Additionally, plasma level of 
antioxidant enzyme, superoxide 
dismutase (SOD) was significantly 
decreased (p<0.001) in CIA rats as 
compared with those of control rats.  

6 weeks injection of α-LA to 
animals of group III caused a 
significant reduction in levels of lipid 
peroxides (p<0.001) and nitric oxide 
(p<0.01) when compared by group II. 
Also, plasma level of SOD showed 
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highly significant increase (p<0.001) 
in rats of group III as compared to 
those of group II.  

Comparing mean values of 
oxidative indices parameters of group 
III with those of the control values, 
LPO and S.O.D showed non 
significant difference (p>0.05), but 
NO level still showing significant 
increase (p<0.5) as compared to 
control values (Table 2). 
IV- Effect of α-LA on plasma levels 
of inflammatory and pro-
inflammatory mediators in CIA 
rats: 

Animals of group II (CIA) 
showed very highly significant 
increase in inflammatory markers, 
prostaglandin and C-reactive protein 
(PGE2 and CRP) 6 weeks after initial 
immunization with CII as compared 
with group I (p<0.001 for each). 
Animals of group III (CII+ α-LA 
treated group) showed highly 
significant reduction in inflammatory 

markers as compared with group II 
(p<.001 for each) (Table 4).  

Plasma level of TNF-α was found 
to be significantly higher (p<0.001) in 
group II than group I. Animals of 
group III (CII+ α-LA treated group) 
showed significant reduction in TNF-
α as compared with group II (p<.001). 

Comparing levels of PGE2, CRP 
and TNF- α of group III with those of 
control one showed non significant 
(p>0.5) change for CRP and TNF-α, 
but PGE2 still showed significant 
(p<0.5) increase (Table 3).              
V- Correlation between plasma 
level of TNF-α and changes in body 
weight in CIA group (group II): 

Decrease body weight of group II 
rats showed very highly significant 
(P<0.001) positive correlation with 
the increase in plasma level of TNF-α 
of the same group, indicating the 
possible role of this pro-inflammatory 
cytokine in decreasing body weight 
after induction of arthritis (Table 4). 

 
 

Table (1): Changes in body weight (in gram) in all rat groups over different time 
intervals through the 42 day of the study 

B.W (gm) 
Days 

Group I
n-10

Group II
n-10

Group III 
n-10

0 day 
P value 

159.67±0.13
 

162.72±0.12
ns

157.53±0.16 
Ns

15 day 
P value 

173.33±0.14
 

171.03±0.08
ns

170.59±0.05 
Ns

21 day 
P value 

183.49±0.15
 

161.18±0.04
**

171.62±0.05 
*

28 day 
P value 

191.68±0.10
 

149.68±0.05
***

179.28±0.04 
*

42 day 
P value 

204.76±0.14
 

131.21±0.04
***

197.16±0.05 
Ns

Values are mean ± SE.                                     N= number of rats / group. 
P value of all groups was versus control group.   B.W: body weight in grams.       
0 day: First day, just before starting injection.   Group I:   control group 
Group (II): CIA treated                      Group (III): CIA+α-LA treatment group 
ns: non significant (p>0.05).   (*):  significant at 0.05.   
(**):  Highly significant at 0.01.   (***):  Very highly-significant at 0.001   
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Table (2): Effect of α-LA on plasma levels of lipid peroxides, nitric oxide and 
superoxide dismutase in CIA rats 

Groups n 
LPO  
(mol/L) 

NO (mol/L) 
S.O.D 
(U/L.) 

Group I 10 4.83±0.231 6.64±0.167 4.90±0.437 
Group II 
P1 
P2 

10 17.61±0.876 
*** 
*** 

12.32±0.35 
*** 
** 

0.98±0.863 
*** 
*** 

Group III 
P3 

10 6.02±0.088 
ns 

9.08±0.187 
* 

3.97±0.326 
Ns 

Values are Mean ± SE (Standard error)     n= number of rats/group. 
LPO: lipid peroxides                  NO: nitric oxide 
S.O.D: superoxide dismutase         Group (I): control group  
Group (II): CIA treated group                      Group (III): CIA+α-LA treatment group 
P1: significant as compared group II to group I by T-test 
P2: significant as compared group III to group II by T-test. 
P3: significant as compared group III to group I by T-test. 
ns: non significant (p>0.05).   (*):  significant at 0.05.   
(**):  Highly significant at 0.01.  (***):  Very highly-significant at 0.001   
 
 
 
Table (3): Effects of α-LA on plasma level of inflammatory mediators in CIA 
rats 

Groups n 
PGE2 
pg /mL 

CRP 
ng/ml 

TNF-α 
(pg /ml) 

Group I 10 116.8±4.6 350.6±28.9 10.89 ± 3.83 
Group II 
P1 
P2 

10 672.3±25.7 
*** 
*** 

787.5±29.8 
*** 
*** 

26.63 ± 3.56 
*** 
*** 

Group III 
P3 

10 180.8±20.6 
* 

401.±23.4 
ns 

13.31 ± 1.56 
Ns 

Values are Mean ± SE (Standard error)     n= number of rats/group. 
PGE2: prostaglandin E2.   CRP: C- reactive protein. 
TNF-α: tumor necrotic factor- α   Group (I): control group 
Group (II): CIA treated group   Group (III): CIA+α-LA treatment group 
P1: significant as compared group II to group I by T-test 
P2: significant as compared group III to group II by T-test. 
P3: significant as compared group III to group I by T-test. 
 ns: non significant (p>0.05).    (*):  significant at 0.05.   
(***):  Very highly significant at 0.001.    
 
  
 



 
 
Bull. Egypt. Soc. Physiol. Sci. 30 (2) 2010                                                        El-Karn 

 
9 

Table (4): Correlation between plasma level of TNF-α & body weight in CIA rats 
Variable TNF-α 

r P 
Body weight 0.973 *** 

                     (***):  Very highly-significant (by Spearman correlation test). 
         TNF-α: tumor necrotic factor- α 

 
 

DISCUSSION 
 

Rheumatoid arthritis (RA) is a 
chronic inflammatory disease 
characterized by synovitis involving 
synovial hyperplasia with 
neoangiogenesis and infiltration of 
lymphocytes and macrophages into 
the synovial tissue(30).. Although 
laboratory testing and imaging studies 
can help confirm the diagnosis and 
track disease progress, rheumatoid 
arthritis primarily is a clinical 
diagnosis and no single laboratory test 
is diagnostic(31). Rat type II collagen 
(CII)–induced arthritis (CIA) is 
commonly used as an animal model of 
RA. In particular, the CIA model has 
been widely used for the 
pharmacologic evaluation of 
antirheumatic drugs(32). 

Although the etiology of RA 
remains undefined, a large body of 
data suggests that ROS are very likely 
to play a major role in the 
pathogenesis of this disease(33).  There 
are many studies which have reported 
the important participation of ROS in 
RA pathophysiology. It has been 
shown that the effects of free radicals 
can be removed by the administration 
of antioxidant agents(34). 

The present study was performed 
to evaluate the potential antioxidant 
effect of α-LA on some of the clinical 
and biochemical parameters in CIA 
model of RA. Intraperitoneal injection 

of rats of group II with collagen type 
II (CII) resulted in development of 
arthritis in all rats. Signs of arthritis 
varied from mild swelling and/or 
redness of the paw or one digit till 
severe arthritis affecting most of the 
joints, led to limitation of all 
movements of the rat. Treatments to 
rats of group III with α-LA led to 
improvement in most of the clinical 
arthritic parameters. There was 
marked attenuation in severity and 
incidence of development of arthritis 
in α-LA treated rats compared to non 
treated CIA rats. The course of 
arthritis is regressive with marked 
clinical improvements of all rats of 
group III when compared with group 
II. These findings were in agreement 
with those of other 
investigators(35,36,37,38). Treatment with 
α-LA resulted in a great reduction in 
tissue swelling and osteophyte 
formation in the model of chronic 
arthritis as well as edema formation in 
the model of acute arthritis(39).   

Follow up of body weight of rats 
of group II (CIA group) showed 
progressive gradual decrease of mean 
body weight  continued till end of the 
experiment. Daily treatment of rats of 
group III with α-LA significantly 
attenuated loss in body weight in this 
group relative to weights of rats of 
group II. This was in accordance with 
the finding of Kuwamoto et al., 
2007,(40) who reported that the mean 
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body weight decreased gradually in 
CIA rats. Also, in 2008, Martin et 
al.(41) recorded that CII-induced 
arthritis is a model of rheumatoid 
arthritis that induces cachexia. 
Arthritis decreases food intake both 
due to marked restriction of 
movement of the animal due to severe 
pain and joint swelling as well as due 
to anorexia associated with chronic 
inflammatory condition. They 
suggested that in chronic arthritis, 
decrease adipose tissue weight is 
secondary to a reduced  adipose 
lipogenesis, and this effect is not 
mainly due to the decrease in food 
intake. However, the mechanism by 
which arthritis reduces fat stores is not 
well  known. In 2006, Granado et 
al.,(42) reported that fat mass loss in 
rheumatoid arthritis can be secondary 
to an increase in lipolysis and/or a 
decrease in lipogenesis. Another study 
reported that induced arthritis 
decreased body weight due to 
enhanced protein breakdown as well 
as decreased food intake(43). Data 
indicate that arthritis-induced decrease 
in body weight is not only due to a 
decrease in food intake, but also 
related to metabolic alterations that 
result in a dramatic decrease of 
adiposity. In 2007, Lacasa et al.,(44) 
postulated  that prolonged elevation of 
cytokines in adipose tissue due to 
inflammatory  reactions and decrease 
food intake can be the main causes of 
body weight reduction in chronic 
arthritis. Among these pro-
inflammatory cytokines, TNF-α   has 
been reported  to decrease lipogenesis.  

The present study showed that 
intraperitoneal injection of rats of 
group II with collagen type II (CII) 
resulted in a significant increase in 

plasma level of oxidative stress 
markers as indicated by increased 
serum level of lipid peroxides (LPO) 
and nitric oxide (NO) as well as a 
significant reduction in plasma level 
of the antioxidant enzyme; superoxide 
dismutase (SOD) in all animals of that 
group as compared to levels of control 
group. These findings were consistent 
with the findings of other 
investigators who recorded an 
increase in plasma level of oxidative 
stress markers as well as a reduction 
in plasma level of many of 
antioxidants in case of rheumatoid 
arthritis(45,46,47,48). In 2007, Tastekin et 
al.(49) recorded that lipid peroxidation 
is thought to be one of the important 
determinants of joint damage during 
RA course.    Increased plasma levels 
of lipid peroxides and nitric oxide 
may be attributed to oxidative stress 
induced by CII injection. In case of 
CIA, free radicals have been increased 
in joint cavity first, and then start its 
effects on the vessel wall with a 
consequent origination of edema. The 
occurrence and progression of this 
structural damage in RA has been 
reported to be due to superoxide and 
hydrogen peroxide radicals(50).   

Sources of ROS in inflamed 
joints are numerous. Osteoclasts(51), 
chondrocytes(52), synovial cells, 
neutrophils/macrophages(53) and 
fragmented particles of degraded 
extracellular matrix (which activate 
synovial cells and neutrophils to 
release ROS) are excellent sources of 
O2. Role of ROS and, in particular, of 
superoxide in the degradation of 
cartilage and bone is not surprising. 
Cartilage is sensitive to degradation 
by superoxide and  superoxide 
dismutase (SOD) strongly inhibits this 
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degradation(54). Furthermore, ROS 
degrade synovial fluids and 
depolymerize hyaluronic acid, which 
leads to a loss of viscosity in the joint, 
and induction of bone resorption(55). 

Cells are normally protected from 
ROS-induced damage by a variety of 
endogenous scavenging proteins, 
enzymes and chemical compounds 
that constitute the endogenous 
antioxidant systems(56). It has been 
reported that ROS destroy antioxidant 
systems and that RA patients are thus 
exposed to oxidant stress and lipid 
peroxidation because of the reduced 
antioxidant defence system(57).  

In 2005, Cuzzocrea et al.(58) 
reviewed that as there is a growing 
body of evidence indicates that ROS 
perpetuates the chronic inflammatory 
state associated with RA, thus, it 
follows that one approach to treating 
RA is to remove these reactive oxygen 
species (ROS). So, a number of 
antioxidants have been tested in CIA 
model in the attempt to limit the 
oxidative damage. Alpha lipoic acid 
has generated considerable clinical 
interest as a potent natural antioxidant 
agent(59). In 2007, Lee et al(1) proved 
that α-LA has a role to prevent lipid 
peroxidation and to support 
antioxidant system against oxidative 
damage in experimental model of 
arthritis. Moreover, α-LA inhibited 
bone destruction in vivo and 
osteoclastogenesis in vitro 

In the current study, daily 
administration of α-LA daily from the 
beginning of CII injection for 42 days 
to rats of group III induced significant 
reduction of plasma level of LPO and 
NO as well as a significant increase in 
plasma level of SOD in rats of group 
III as compared with group II. These 

findings indicate that α-LA could 
decrease lipid peroxidation and free 
radical formation and lead to a 
substantial recovery of one of the 
major antioxidant enzymes; SOD, 
thus limiting oxidative damage and 
decrease ROS formation, so, it could 
be considered as a protective agent 
against joint injury occurring in CIA. 
These results are in agreement with 
previous studies which recorded 
significant reduction of oxidative 
stress markers with marked increase 
in antioxidant levels in experimental 
model of arthritis after administration 
of α-LA (48,60,61,62).   

Superoxide dismutase (SOD), 
which is a known antioxidant agent 
has been proved to have an anti-
inflammatory activity in several 
animal models of induced 
inflammation as in CIA rats. It was 
claimed that the SOD's anti-
inflammatory action is through 
prevention of formation of 
superoxide-dependent chemotactic 
activity(63). That action prevents the 
accumulation of inflammatory cells at 
the site of a potential lesion; thereby 
preventing all neutrophil-mediated 
cytotoxic events(64). Various studies 
showed that α-LA enhances SOD 
activity in rheumatoid arthritis 
models(64,65,66). So, in the present 
study, increase level of SOD after 
administration of α-LA could be one 
mechanism by which α-LA exerts its 
activity in CIA rats.  

Popa et al., (2005)(67) reviewed 
that rheumatoid arthritis (RA) is 
characterized by high concentrations 
of pro-inflammatory cytokines such as 
tumor necrosis factor a (TNF-α), IL6, 
and interferon, especially in the 
synovial fluid but also in the 



 
 
Bull. Egypt. Soc. Physiol. Sci. 30 (2) 2010                                                        El-Karn 

 
12

circulation. The present study 
revealed an increase in serum level of 
TNF-α  in CIA rats (group II). 
Additionally, the study revealed 
suppressing effect of lipoic acid on 
TNF-α in rats of group III. This was in 
accordance with the finding of 
Tastekin et al., (2007)(49) who 
recorded increased serum level of 
TNF-α in CIA rats which revealed the 
key role of this pro-inflammatory 
cytokine in the pathogenesis of 
rheumatoid arthritis. Furthermore, 
they recorded significant decrease of 
TNF-α serum level with α-LA 
treatment. Cytokines as TNF-α and 
IL-6  appear to be critically involved 
in the initiation and perpetuation of 
RA. These pro-inflammatory 
cytokines are considered to play a 
prominent role in RA pathogenesis by 
modulating cell migration, T and B 
cell activation, cartilage destruction, 
and synovial proliferation. Also, TNF-
α induced nuclear factor-kappaB (NF-
κB) activation which increase the 
severity of the inflammation in 
arthritis(68,69,70). 

Recent advances in arthritis 
treatment mainly focus on anti TNF-α 
agents(71,72). Regulation of cytokine 
levels in patients with RA may also be 
a novel approach to the treatment of 
these diseases(71). In 2008, Aletaha et 
al.,(72) described the successful 
treatment of refractory RA by 
intravenous (IV) infusion of 
antibodies to TNF-α, suggesting a key 
role for this cytokine in the 
pathogenesis of chronic arthritis.  
More recently in 2009, Yudoh et 
al.,(30) recorded that  in the 
management of RA, anti-tumor 
necrosis factor (anti-TNF-α) agents 
are becoming more widely available 

and offer the rapid onset of effective 
treatment. Several areas of 
investigation have indirectly 
implicated TNF-α �as a contributor to 
cellular damage in CIA. High level of 
this cytokine can be interpreted as a 
progression of cartilage cell injury(73).   

In 2006, Kim et al.,(74) reported 
that both animal and human studies 
have strongly implicated TNF-α in the 
pathogenesis of RA. They 
demonstrated that α-LA decreased the 
severity of inflammation and 
prevented joint destruction in 
collagen-induced arthritis mouse 
model via NF-κB down regulation. 
They suggested that amelioration of 
joint disease when treated with α-LA 
was associated with reduction in 
oxidative stress, as well as inhibition 
of TNF-α induced NF-κB activation. 
From these findings, it could be 
exhibited that the possibility of a 
therapeutic effect of α-LA in 
established RA by suppressing the 
release of this pro-inflammatory 
cytokine.   

In 2009, Shay et al.,(75) reported 
that recent therapeutic strategies in 
RA aimed at mitigating oxidant 
production and oxidative damage. 
Reduction of severity of collagen-
induced arthritis in mice by α-LA 
treatment is due to the reduction of 
inflammatory cytokines like TNF-α, 
and partial inhibition of NF-κB 
binding to DNA. Also, α-LA inhibited 
osteoclast formation, suggesting that 
α-LA may be useful in prevention of 
bone erosion and joint destruction in 
rheumatoid arthritis(76).  

The present study showed highly 
significant increase in inflammatory 
markers e.g., prostaglandin and C-
reactive protein (PGE2 and CRP) 6 
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weeks after initial immunization with 
CII in rats of group II as compared 
with group I. Additionally, treatment 
of rats of group III with α-LA showed 
significant reduction in inflammatory 
markers as compared with group II. 
These findings were in accordance 
with previous findings of other 
investigators(23,37,49,77,78). The anti-
inflammatory properties of α-LA  in 
humans have been investigated in a 
study carried by Sola et al., (2005)(37). 
It showed a significant decrease in 
serum TNF-α, interleukin-6 and other 
inflammatory markers following 
4 weeks of supplementation with α-
LA (300 mg/day). Moreover, in 2007, 
Smolen et al.,(79) reviewed that in 
rheumatoid arthritis there is a release 
of numerous pro-inflammatory 
mediators such as prostaglandins 
(PGs) and nitric oxide (NO).   
Conclusion:  

In conclusion, our study revealed 
that RA is a multifaceted disease for 
which additional treatments are still 
needed. The study showed that α-LA 
has a role to prevent oxidative stress 
and to support antioxidant system 
against oxidative damage in this 
experimental arthritis model. Also, 
amelioration of joint damage in CIA 
rats by α-LA was associated with 
inhibition of inflammatory process by 
lowering plasma level of TNF-α, 
prostaglandin and C-reactive protein. 
These findings may encourage further 
exploration of the usefulness of lipoic 
acid in arthritis. Collectively, results 
of the present study indicate that α-LA 
may be a new adjunctive therapy for 
rheumatoid arthritis as it has a potent 
antioxidant as well as anti-
inflammatory effects.   
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تأثيرات حمض ألفا ليبويك المضادة للأكسدة والالتھاب على التھاب المفاصل 
  الروماتويدي المستحدث بالكولاجين الثاني في الفئران

  
  مني فاروق القرن

  جامعة أسيوط-بكلية الط، قسم الفسيولوجيا الطبية
  

 :خلفية البحث
يتميѧز ھѧذا المѧرض بالتھѧاب  التھاب المفاصل الروماتويدي ھو التھاب مزمن متزايد بالمفاصل غير محدد السبب،
وھنѧاك مجموعѧة متزايѧدة  . العديد من المفاصل مع وجود تركيزات عالية مѧن السѧيتوكينات المصѧاحبة للالتھابѧات

ѧѧذور الحѧѧى أن الجѧѧير إلѧѧة تشѧѧن الأدلѧѧة مѧѧات  المزمنѧѧة الالتھابѧѧية لحالѧѧا المرضѧѧي الفيزيولوجيѧѧا فѧѧب دورا ھامѧѧرة تلع
ھѧو مركѧب متواجѧد فѧي الجسѧم بشѧكل  )LA)-(α(حمѧض الفѧا ليبويѧك . المرتبطة بالتھѧاب المفاصѧل الروماتويѧدي

وھѧѧو معѧѧروف بقدرتѧѧه المتفѧѧردة  للحصѧѧول علѧѧى مجموعѧѧة مѧѧن الأنشѧѧطة البيوكيميائيѧѧة مѧѧع قدرتѧѧه  طبيعѧѧي مجمѧѧع
 .أيضا ، له دور في تغيير مسالك الإشارات المختلفة الخاصة بالالتھاب .وجية قوية المفعول كمضاد للأكسدةالبيول

 : الھدف من البحث
للتخفيѧف مѧن تطѧور التھѧاب المفاصѧل    )LA)-(α(الغѧرض مѧن ھѧذه الدراسѧة تقيѧيم فعاليѧة حمѧض الفѧا ليبويѧك   

كѧذلك  .ھѧا بѧالكولاجين المسѧبب لحѧدوث التھѧاب المفاصѧلالروماتويѧدي المسѧتحدث فѧي نمѧوذج الفئѧران نتيجѧة حقن
يѧѧتمكن حمѧѧض الالفѧѧا ليبويѧѧك مѧѧن التخفيѧѧف مѧѧن شѧѧدة التھѧѧاب المفاصѧѧل  ناقشѧѧت الدراسѧѧة الآليѧѧات التѧѧي مѧѧن خلالھѧѧا

  .الروماتويدي
  : الطريقة

المجموعѧѧة :  مجموعѧѧات؛  المجموعѧѧة الأولѧѧى ٣مѧѧن إنѧѧاث الفئѧѧران قسѧѧمت إلѧѧى  ٣٠أجريѧѧت ھѧѧذه الدراسѧѧة علѧѧى 
،   Collagen II)( مجموعة التھاب المفاصل المستحدث بحقن الكولاجين الثاني :  المجموعة  الثانية،  ضابطةال

تم استحداث التھѧاب ).  LA-α(ثم معالجتھا بحامض الفا ليبويك   IIأما المجموعة الثالثة فقد تم حقنھا بالكولاجين 
ب الكѧѧѧѧولاجين البقѧѧѧѧري فѧѧѧѧي قاعѧѧѧѧدة الѧѧѧѧذيل المفاصѧѧѧѧل الروماتويѧѧѧѧدي فѧѧѧѧي الفئѧѧѧѧران عѧѧѧѧن طريѧѧѧѧق حقنھѧѧѧѧا بمسѧѧѧѧتحل

)100μg/100μl ( ، دѧѧززة بعѧѧة معѧѧا جرعѧѧم إعطاؤھѧѧى ٢١و تѧѧة الأولѧѧن الجرعѧѧن حقѧѧا مѧѧران  . يومѧѧن  فئѧѧم حقѧѧت
المجموعة الثالثة بالكولاجين البقري اولا وبعده مباشرة تم معالجتھا بحقنھا حقنا بريتونيا يوميا بحمض الفا ليبويك 

)LA-α ( ة . يوما ٤٢يوم لمدة /كجم/ جمم ١٠٠بجرعة قدرھاѧا متابعѧم أيضѧا وتѧل إكلينيكيѧاب المفاصѧتم تقييم التھ
وقد اجري أيضا تحليلا  . وزن الجسم في كل المجموعات طوال فترة الدراسة لتقييم تطور و شدة التھاب المفاصل
تم قياس مستويات . لتھاببيوكيميائيا لجميع عينات الدم من جميع الفئات لتقييم بعض دلالات الأكسدة وعلامات الا

لتقيѧيم ) SOD(وسوبر أو كسѧيد الديسѧميوتيز) NO(، وأكسيد النيتريك ) LPO(البلازما من بيراكسيدات الدھون 
 ،)���TNF-(الفѧѧا  -تѧѧم أيضѧѧا قيѧѧاس مسѧѧتويات البلازمѧѧا لكѧѧل مѧѧن عامѧѧل النخѧѧر التѧѧورمي. عوامѧѧل الأكسѧѧدة

 . وذلѧѧѧك لتحديѧѧѧد دلالات الالتھѧѧѧѧاب) CRP(سѧѧѧي و البѧѧѧروتين التفѧѧѧاعلي   PGE)2(  البروسѧѧѧتاجلاندين 
  : النتائج

في نھاية الدراسة ، تسبب حقѧن فئѧران المجموعѧة الثانيѧة بѧالكولاجين لحѧدوث التھѧاب المفاصѧل الروماتويѧدي فѧي 
أدى . جميع مظاھره لكل فئران ھذه المجموعة مع انخفاض تѧدريجي فѧي وزن الجسѧم اسѧتمر حتѧى نھايѧة التجربѧة
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لتحسن في معظم معالم الالتھاب الروماتويدي و قل )   α-LA(موعة الثالثة بحامض الفا ليبويك علاج فئران المج
كما أظھرت الدراسة زيادة كبيرة في . النقص في وزن جسم فئران ھذة المجموعة مقارنة بفئران المجموعة الثانية

مع انخفاض كبيѧر ) NO(نيتريك ، وأكسيد ال) LPO(بيراكسيدات الدھون : مستوى البلازما من علامات الاكسدة
بالمقارنѧة مѧع مسѧتويات فѧي جميѧع فئѧران المجموعѧة الثانيѧة ذلѧك  )SOD(في مستوي سوبر أو كسيد الديسميوتيز

كѧذلك ، كشѧفت الدراسѧة عѧن زيѧادة كبيѧرة فѧي مسѧتوى البلازمѧا مѧن علامѧات التھابѧات مثѧل  .المجموعة الضѧابطة
كمѧا أظھѧرت . الفا فѧي فئѧران المجموعѧة الثانيѧة -امل النخر التورميوع البروستاجلاندين والبروتين التفاعلي سي

المجموعѧѧة الثالثѧѧة أدى إلѧѧى انخفѧѧاض كبيѧѧر فѧѧي  لفئѧѧران) α-LA( الدراسѧѧة أيضѧѧا أن إعطѧѧاء حѧѧامض الفѧѧا ليبويѧѧك 
مѧع زيѧادة كبيѧرة  فѧي مسѧتوي ) NO(، وأكسѧيد النيتريѧك ) LPO(بيراكسѧيدات الѧدھون  : مستويات المصѧل مѧن 

بالإضѧѧافة إلѧѧى ذلѧѧك ، كѧѧان ھنѧѧاك  .و ذلѧѧك بالمقارنѧѧة مѧѧع المجموعѧѧة الثانيѧѧة) SOD(سѧѧيد الديسѧѧميوتيزسѧѧوبر أو ك
وعامѧل  انخفاض كبير في مستويات البلازما من علامات الالتھاب مثل البروستاجلاندين والبروتين التفاعلي سѧي

  .ةالفا في فئران المجموعة الثالثة مقارنة مع المجموعة الثاني -النخر التورمي
  : الخلاصة

ھامѧѧا  لمنѧѧع الأكسѧѧدة ودعѧѧم المنظومѧѧة  دورا يلعѧѧب ) α-LA(ان حѧѧامض الفѧѧا ليبويѧѧك خلصѧѧت ھѧѧذه الدراسѧѧة إلѧѧى 
المضادة للأكسدة ضد التلف التأكسدي الذي حدث في فئران نموذج التھاب المفاصل المسѧتحدث بحقѧن الكѧولاجين 

حقونѧة بѧالكولاجين بواسѧطة اسѧتخدام حمѧض الفѧا ولقد صاحب أيضا تحسѧن تلѧف المفاصѧل فѧي الفئѧران الم. الثاني
الفѧѧا، -ليبويѧك تثبيطѧا لعمليѧة الالتھѧاب و ذلѧك عѧѧن طريѧق خفѧض مسѧتوى البلازمѧا لكѧѧل مѧن عامѧل النخѧر التѧورمي

-α(تشير نتائج ھذه الدراسѧة إلѧى إمكانيѧة اسѧتخدام حمѧض الفѧا ليبويѧك . البروستاجلاندين والبروتين التفاعلي سي
LA( اعѧѧѧد مسѧѧѧلاج جديѧѧѧابكعѧѧѧادة للالتھѧѧѧدة ومضѧѧѧاد للأكسѧѧѧال كمضѧѧѧأثير فعѧѧѧن تѧѧѧه مѧѧѧا لѧѧѧل لمѧѧѧاب المفاصѧѧѧد لالتھ. 

 .فѧي التھѧاب المفاصѧل )α-LA(ھذه النتائج قد تشجع المزيد من الاستكشاف لجѧدوى حمѧض الفѧا ليبويѧك  ،اجماعا
 
 
 
 

   


