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ABSTRACT 

The aim of the current study was to find out whether green tea 
extract and /or a -lipoic acid could protect against some 
adverse effects accompanying rheumatoid arthritis in female 
rats such as inflammation as well as bone remodeling and 
hematological disorders. Forty female ra ts of Fischer strain, 
weighing ISO ::!:_10 g each, were divided into tow main groups 
; non arthritic and arthritic. Each of which was subdivided into 
four subgroups five rats each as follows : I) control (non 
treated), 2) green tea (28.57mg/kg b w ) treated, 3) a-lipoic 
acid (25mg/ kg b w )treated and 4) green tea and a -lipoic acid 
treated . green tea extract was administered orally while a -
lipoic acid was injected intraperitoneal ly daily for 14 days for 
each.The results of the present work exhibited a significant 
increase in some biochemical markers of bone remodeling; a 
bone formation marker (alkaline phosphatase (ALP)) and a 
bone resorption marker (acid phosphatase (AP)) in serum and 
bone in experimental arthritic rats, indicating fast bone 
turnover rate and bone loss. Furthermore, a significant 
decrease in bone DNA and RNA as well as total serum protein 
content was recorded. On the other hand, there were significant 
elevation in (-reactive protein (CRP) and erythrocyte 
sedimentation rate (ESR). Furthermore, there were significant 
decreases in RBCs count, HC, Hb, MCH, MCHC and MCV 
values in contrast to significant increases in WBCs and 
platelets count. However, administration of green tea and/or a­
lipoic acid to arthrit ic rats ameliorated the mentioned 
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disturbances towards the normal values. Such results revealed 
that a-lipoic acid is an ideal antioxidant which has the abi lity 
to overcome the disturbances accompanied rheumatoid 
arthritis (RA) more than green tea. Moreover, the concomitant 
administration of green tea and a-lipoic acid was the most 
effective, and therefore can be recommended during treatment 
of patients suffering from rheumatoid arthritis. 
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INTRODUCTION 

Rheumatoid arthiitis (RA) is a systemic, immune / inflammatory 
disease characterized by joint swelling, synovial inflammation and joint 
destruction that leads to significant disability. The pathology of this joint 
des·cruction is characterized by destruction of articular cartilage and 
marginal and subchondral bone (Feldmann et al., 1996). 

The pathology of RA can be divided into two main phases, an 
inflammatory phase and a proliferative phase. Three cell types can be 
regarded as being major participants in the pathogenesis of joint 
inflammation and destruction in RA; synovial macrophages (type A 
synoviocytes), synovial fibroblasts (type B synoviocytes), and T 
lymphocytes. In the inflammatory phase, T lymphocytes are activated by 
unknown auto-antigens in the synovial tissue, which is then fol lowed by 
an influx of macrophages and other immunocompetent ce lls into the 
tissue (Marrack et at., 2001). This is then fol lowed by the proliferative 
phase, in which these accumulated synovial macrophages produce 
pro inflammatory mediators, such as interleukin-1 beta (IL-l p), (IL-6) and 
tumor necrosis factor-alpha (1"NF-a), which promote synovial fibroblasts 
to become undifferentiated and to proliferate. These type B synoviocytes 
then form the invasive front that infiltrates into cartilage, tendons and 
bone by synthesizing and releasing a variety of tissue degrading matrix 
metalloproteinases (MMPs) such as collagenases (in particular MMP-1 ), 
stromelysins (including MMP-3) and the gelatinases (MMP-2,-9) 
(Escalante and Del Rincon, 2002). Local osteoclasts are activated by 
proinflammatory cytokines as well and form a hyperplasticsynovial 
membrane, referred to as the pannus tissue, which damages the cartilage 
and bone of the affected joint in an irreversible manner (Katrib et at., 
2002). Bone destruction is a critical feature of arthritis affected- joints 
and in severe cases of rheumatoid arthritis, marked destruction of joints 
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with focal erosion and juxtaarticular osteoporosis due to abnormal 
osteoclastic bon~ resorption is often observed (Kroger eta/., 1994). 

However, catechins, the main constituent of green tea. seems to 
possess two independent actions. both of which may be prophylactic for 
the development of arthritis and beneficial to arthritis sufferers; an anti­
inflammatory and antiproteolytic chondroprotective effect (Aitmed eta/., 
2002). On the other hand, a-lipoic acid (ALA) seems to have a protective 
action related to its antioxidant effects through scavenging the free 
radicals (Gurer and £real, 2000) as well as to its anti-inflammatory 
action (Zhang a11d Frei, 2001). In addition, ALA has an inhibitory effect 
on the matrix metalloproteinases (MMPs) (Liedtke et a/., 1998) 
Therefore, the present study aims to evaluate the role of green tea and/or 
ALA in preventing or even in decreasing some risks factors associating 
with rheumatoid arthritis. 

MATERIALS AND METHODS 

1- .Experimental Animals: 

This study was carried out on forty adult female Fischer rats 
weighing 150± I Og, supplied by The Urology & Nephrology 
Center; Mansoura University. Rats were maintained under 
controlled humidity, temperature (25±2.C) and light ( 12h light/ l2h 
dark).They were maintained with water and fed ad libitum. 

2- Experimental Protocol: 

The rats were divided into two main groups: 

A- Non- arthritic group B - Arthritic group 

Each group was subdivided into 4 subgroups five animals each as 
follows: 

1- Control group: non treated animals. 

. -

2- Green tea group: received green tea extract tablets dissolved in 
distilled water and given orally in a dose (28.57 mg/kg b.w 
/day.) by the stomach tube for 14 days. This dose is equivalent to 
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the human therapeutic dose and was calculated according to the 
body surface area ratio (Paget and Barnes, 1964) . 

3- Alpha-lipoic acid group: injected intraperitoneally (i.p) with a­
lipoic acid dissolved in saline (0.9%), alkalinized to pH 7.8 in 
a dose equal to 25 mg/ kg b.w./ day(Selvakumar eta!., 2004) for 
14 days. 

4- Green tea and a-lipoic acid group: treated with green tea + a­
lipoic acid with the same doses, time and mode of treatment. 

Induction of arthritis in rats: 

According to Kleinau and Klareskog (1993), to induce arthritis, 8 
mg of type II collagen extracted from native calf articular cartilage was 
dissolved in I ml of 0.01 M acetic acid and emulsified with an equal 
volume of Freund's incomplete adjuvant. Rats were injected 
intradennally into the base of the tail with a single dose of 0.1 ml of the 
emulsion. After 14 days rats received a single intradermal injection of 
200Jll Freund's incomplete adjuvant (FIA) into the base of the tail as an 
activation dose for induction of arthritis. Arthritis was developed 14 days 
latter. Rats were examined for RA by measuring edema in all the four 
paws by micrometer, as well as measuring the rheumatoid factor (R F). 

3-Sampling: 

At the end of the experimental period rats were sacrificed using a 
sharp razor blade. Blood samples were collected in clean heparinized and 
non heparinized centrifuge tubes. Heparinized blood samples were used 
for determination of complete blood picture, CRP and ESR. While the 
tubes containing non-heparinized blood were centrifuged for separation 
of the sera. Specimens from the right femur bone were cleaned from the 
surrounding soft tissue, crushed, weighed, homogenized in known 
volume of cold distilled water and then kept at -20°C until later 
biochemical measurements. 

4- Biochemical analysis: 

Serum and bone acid (A P) and alkaline phosphatase (ALP) 
activities as well as bone contents of DNA and RNA were determined 
spectrophotometrically according to the method reported by. Kind and 
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King (1954). Disclte and Schowrz (1977) and Thoresen et a/. (1983) 
respectively. Additionally, serum total protein content was measured 
using kit from ABC Diagnostics, New Damietta, Egypt Company 
according to the method described by Reinhold (1953). Moreover, CRP 
was determined using CRP latex test kit optained from (Spinreact, S.A. 
Ctra. Santa Coloma. Spain), and ESR was calculated according to the 
method of Daice and Lewis (1984). The absorbance in different assays 
was read at Perkin- Elmer Lambda IA spectrophotometer. Furthermore, 
complete blood picture was analyzed usmg an automated cell counter 
(Coulter Onyx). 

Statistical analysis 

All data were statistically analyzed using the General Linear 
Models Procedure of the Statistical Analysis System (SAS Institute, Inc., 
1982). The significance of the differences among treatment groups was 
uc::i'ermined by Waller-Duncan K-ratio (Waller and Duncan, 1969). All 
statements of significance were based on probability of P ~ 0.05. 

RESULTS 

Serum and Bone Acid Phosphatase (AP) And Alkaline Phosphatase 
(ALP) Activities: 

As shown in table (I), there were non-significant changes in 
serum AP activity in all non-arthritic groups compared to that of normal 
control group, while for bone AP activity, significant reductions were 
seen. Concerning arthritic groups, serum and bone AP activities were 
significantly elevated compared to normal control group except (green tea 
+ cr.-lipoic acid) group which exhibited a non-significant reduction in 
bone AP activity. On the other hand, significant reductions were seen in 
serum and bone AP activities in arthritic treated groups comparing to the 
control arthritic group, arriving the values near the normal levels. 

Concerning serum and bone ALP activity, all non-arthritic groups 
showed non-significant changes except cr.-l ipoic acid treated group which 
showed a significant increase in serum ALP level compared to normal 
control. On contrast, all the arthritic groups showed significant elevations 
except (green tea+ cr.-lipoic acid) group which showed a non-significant 
increase in serum ALP activity compared to normal control group. 
However, all the arthritic treated rats showed significant decreases m 
serum and bone ALP activity compared to arthritic control group. 
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Total Serum Protein Content: 

As observed in table (I) non-arthritic animals showed non-significant 
decreases in total serum protein content compared to the normal control 
group. The arthritic control group showed a highly significant decrease, 
but all the arthrit ic treated groups exhibited moderate decreases in tota l 
serum protein content, such decrease was significant in green tea arthritic 
animals only. Treatment of arthritic rats with green tea and/or a.-lipoic 
acid improved the decrease in total serum protein content compared to 
the untreated arthritic group. There were significant increases in the 
treated arthritic groups compared to the arthritic control one. 

Bone DNA and RNA Contents: 

As observed in table (I) bone DNA content showed non­
si.gni~cant increase in all non-arthritic rats except the green tea and a.­
lipoic acid treated rats which showed a significant increase compared to 
normal control. On the other hand, there were significant decreases in 
bone DNA content in all arthritic rats, such decrease was more 
pronounced in arthrit ic nontreated group compared to normal control one. 
Administration of green tea and/or a.-lipoic ac id to arthritic rats caused 
significant increases in bone DNA content comparing to arlhri'tic control 
rats.Bone RNA contents exhibited significant increases ""in all the non­
arthritic groups except the green tea group which exhibited non­
significant increase when compared with the normal control. In contrast, 
there were significant decreases in bone RNA contents in arthritic control 
group, while the treated arthritic groups showed significant increases 
compared to the norma l control. Administration of green tea and/or a.­
lipoic acid to the arthritic animals improved the decreased in bone RNA 
contents, compared to the arthritic control animals where there are 
significant increase of bone RNA as compared with either the normal 
control or the arthritic nontreated group. 

Inflammatory Markers ( CRP and ESR): 

As observed in table (2) there were non-significant elevations in 
blood C-reactive protein content in all non-arthritic rat groups, 
meanwhile the arthritic rats exhibited significant elevations compared to·. 
normal control. Regarding ESR non-significant decreases were observed 
except non-arthritic green tea treated gr~up and in a.-lipoic acid arthritic 
treated group which showed significant dec lines compared to normal 
control. On the other hand, arthritic· control group, showed a very highly 
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significant elevation in both CRP and ESR compared to control one. 
Treatment of arthritic rats with green tea and/or a-lipoic ac id overcame 
the observed elevations in CRP and ESR compared to the arthritic control 
group. 

Hematological Parameters: 

a-Red (RBCs), White Blood Cells (WBCs) and Platelets Count: 

The indicated data in table (J) exhibited significant reduction in 
RBCs count in all arthritic treated groups compared to normal control 
one. Regarding WBCs count, arthritic control group showed highly 
significant elevation while the arthritic treated groups exhibited moderate 
reduction. Such reduction was significant in green tea and in ALA treated 
groupswhen compared to normal control. However, platelets count was 
significantly elevated in all arthritic rat groups compared to normal 
,,untrol one. Concerning non-arthritic groups, non-sign ificant changes 
were seen in RBCs, WBCs and platelets count except in green tea and a­
lipoic acid treated group which showed a significant increase of platelets 
compared to normal control group. Comparing to the arthritic control 
animals, all the arthritic treated animals overcame the lowering in RBCs 
count, and a marked elevation was observed. But for WBCs and platelets 
count, all the arthritic treated animals exhibited a significant reduction 
compared to the control arthritic animals nearly match those of the 
control !eve Is. 

b- HC, Hb, MCH, MCHC and MCV: 

As observed in table (4), the hematocrit value showed non­
significant increases in non-arthritic groups. On contrast, all the arthritic 
treated groups exhibited a reduction in HC, such reduction was 
significant in control arthritic group only compared to the normal control. 
Regarding Hb concentration, there were significant increases in all non­
arthritic rat groups, and there were significant decreases in all arthritic 
ones being more pronounced in the arthritic control group compared to 
normal control. 

Concerning MCH, non-significant increases were recorded in all 
non-arthritic groups and green tea and a-lipoic acid arthritic treated group 
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compared to normal control group. A II arthritic animals, showed 
significant reduction in MCH except green tea and ALA treated group 
which showed non-significant change compared to normal control group. 
Furthermore, non-significant decreases were seen in MCHC in all non­
arthritic groups, but all the arthritic groups exhibited a significant 
decrease except green tea and a-lipoic acid treated group which showed 
non-significant increase compared to normal control group. In addition, 
there were significant elevations in mean corpuscular volume in all rat 
groups, compared to normal control group except the control arthritic 
group which showed a significant decrease in MCV. 

~·· 

Daily administration of green tea and/or a -lipoic acid for !4 days to 
the experimental arthritic rats led to elevation towards the normal levels 
of HC, Hb. MCH, MCHC and MCV compared to control arthiitic gfollp 
specially in case of the combined treatment which showed normalization 
of the most parameters. 

DISCUSSION 

1-Bone remodeling 

In the present investigation, some markers of bone 'metabolism 
such asAP and ALP were studied. The activities of AP and ALP in bone 
were elevated in arthritic rats, indicated faster bone turnover during the 
disease leading to bone loss. The results are in agreement with the 
previous studies which showed that ALP and AP activities were 
significantly increased in serum (Narayana eta/., 1999 and Ramprasath 
eta/., 2005) or plasma (Silva et at., 2005) of arthritic rat models. 

However, damage to bone and cartilage caused by synovial tissue 
and pannus in arthritic rats is mediated by several families of enzymes 
including serine proteases. The most damaging enzymes are the tissue 
degrading matrix metalloproteinases (e.g. collagenase and gelatenase) 
and cathepsins (Escalante and Del Rincon,2002), which can degrade the 
major structural proteins in the joint. Cytokines, produced by synovial 
macrophages, such as lL-1 and TNF-a are potent inducers of 
metalloproteinases gene expression (Gary and Firestein, 2005). 

.-
Furthermore, bone loss is a common feature of various 

inflammatory arthritis. Localized bone loss in the form of bone erosions 
and periarticular osteopenia constitutes an important criterion for the 
diagnosis of rheumatoid arthritis (RA). This damage results from the· 
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activation of an inflammatory response, which increases both the number 
and activity of osteoclasts (Rehman and Lane, 2001). 

The results of the current study revealed also, the protective role of green 
tea and/or a-lipoic acid against bone loss resulted from RA. Similarly, 
some workers established the effects of catechins on the matrix-degrading 
enzymes. ECG and EGCG have been reported to inhibit in a dose 
dependent manner the actions of matrix metalloproteinases such as 
gelatinase A and B and elastase (Demeule et a/., 2000). On the other 
hand, the protective action of a-lipoic acid seems to be related to its 
antioxidant effects through scavenging of free radicals (Gurer and £real, 
2000) &s well as its anti-inflammatory action (Zhang and Frei, 2001). 
The present results are in harmony with those of Liedtke et a/. (1998) 
they explained that, .~LA has an inhibitory effect on the matrix 
metalloproteinases (MMPs). However, the antioxidant effect of both 
green tea and a-lipoic acid are synergetic since combined use of them led 
t':' more enhanced ameliorating effect against adverse effects of RA on 
bone remodeling. 

The present data indicated that, there were significant decreases 
in total serum protein as well as bone DNA and RNA contents in arthritic 
rats compared to normal ones. Such decreases were improved by the 
treatment with green tea and/or a-lipoic acid. These declines may be 
attributed to the excessive production of ROS that attack cell membranes 
and can lead to oxidation of amino acid residue side chains, formation of 
protein-protein cross-l inkages, and oxidation of the protein backbone 
resulting in protein fragmentation (Berlett and Statltman, 1997) . 
Additionally, ROS-induced lipid peroxidation, in RA, involved in the 
disorganization of cell structure and function (Floyd, 1990) may 
consequently inhibit or damage DNA (Han et a/. , 1997) and hence 
affecting protein synthesis. Furthermore, activity of poly ADP­
ribosylation associated with DNA damage caused by RA (Szabados et 
a/., 1999) may be another explanation for depletion of total serum protein 
and bone DNA and RNA contents in arthritic rats. 

Regarding the preventive mechanisms of green tea, it has been 
speculated that the antioxidative properties of green tea components may 
be primarily invo lved, because of protein changes related to the oxidative 
stress. However, lipid peroxidation and oxidative DNA damage are 
known to be eliminated by tea consumption; possibly due, in part, to 
scavenging the nitrogen oxide or their radical derivatives (Kohl et 
a/.,1995). Concerning Iipoate, it acts as an antioxidant in clearing 
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peroxyl, hydroxyl and superoxide radicals (Han et a/.,1997) and thereby 
protects DNA. Moreover, lipoate has been demonstrated to provide 
protection to plasmid DNA against singlet oxygen-induced damage, 
through its high free radical scavenging action (Devasagayam et 
a/.,1993) However, the concomitant use of the two antioxidants (green 
tea and ALA) exhibited more marked ameliorating effects than using 
each alone, i.e. their effects are additive. 

2- Inflammatory markers: 

The inflammatory process in RA is characterized by an excessive 
tumor-like proliferation of synovial tissue that is associated with an 
increase in the respective vasculature (needed to support metabolic 
requirements) (Taylor, 2005; Pap and Distler, 2005 and Stru11k et 
a/.,2006) and perfusion near and inside (peri and intra-articular blood 
vessels) in the inflamed joint capsule of patients with RA (Strunk et 
m'.,2006). However, collagen-induced RA animals, herein, exhibited 
marked elevation in both the CRP and ESR compared to normal control 
ones reflecting severe inflammation and active phase of the disease. Such 
.findings are consistent with those of Vivian et a/. (2005) who reported 
that patients with RA had elevated ESR as well as elevated CRP. In 
addition, Bovin et at. (2004) reported that RA patients had significantly 
increased CRP values compared to controls. 

In the present study, treatment with green tea extract and/or a­
lipoic acid exhibited a marked regression of the inflammation as observed 
by the regression of edema and reddening features of the feet of rats as 
well as the reduced levels of CRP and ESR compared to nontreated 
arthritic rats. Similarly, some authors concluded that consumption of 
green tea may be prophylactic and benefit for arthritic patients by 
reducing inflammation and slowing cartilage breakdown (Haqqi et 
a/.,1999 and Adocks et at., 2002). However, catechins, the main 
constituent of green tea, have been found to have anti-inflammatory 
properties which may be due to their ability to inhibit tumor-necrosis 
factor (TNF) synthesis (Yang et a!., 1998). poss ibly by inhibition o( 
Kinase (s) in signaling cascades, leading to activation of certain 
transcription factors (Mukhtar and Ahmed, 1999). 

a-lipoic acid, in addition was suggested to be anti-inflammatory · 
agent that interferes, at the same time, with nitric oxide released from 
inflammatory macrophages, thus protecting target · cells from oxygen 
radical attack (Burkart eta/., 1993): Moreover, such improvement in the 
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inflammatory features and markers may be anributed to the antioxidant 
effects of green tea (Guo eta/. 1996) and ALA (Sumatbi eta/., 1993) in 
addition to their anti-inflammatory properties (Sueoka et a/. , 2001 and 
Burkart et a/., 1993 respectively) taking in consideration that their 
concom itant treatment was more effective. 

4- Hematological Parameters: 

From the present study, it is obv ious that RA rats suffer from 
microcytic hypochromic anemia as indicated by the significant decrease 
in RBCs count, HC, Hb, MCH, MCHC as welt as MCV compared to 
healthy animals. The present study exhibited also significant elevations in 
WBCs and platelets count in arthritic animals compared to control ones. 
These results are in agreement with the previous investigations illustrated 
that patients with RA had decreased Hb level (Akyol eta/:, 2001; Vivian 
"'a!., 2005 and Vijayakumar eta/., 2006). decreased RBCs count (Akyol 
et a/., 2001 and Vijayakumar et a/. , 2006) and suffered from 
thrombocytosis (Vivian eta/., 2005). 

However, there is widespread lipid and protein damage in 
patients with RA (McCord, 1993). Such damage may lead to an increase 
of RBCs membrane fragility and rate of hemolysis.· Moreover, the 
observed anemia in arthritic rats, in the present work can be attributed 
partly to the decrement in protein associated with DNA and RNA 
damage induced by LPO (Cimen et a/., 2000). Consequently, hemolysis 
will stimulate bone marrow for rapid production of immature microcytic 
cel ls liable to more hemolysis. Alternatively, congestion of the blood 
vessels in the inflamed joint and the escape of RBCs from these 
congested vessels (Gary n11d Firestein, 2005) may be another 
explanation for anemia in RA. 

Concerning WBCs, the present results showed a significant 
elevation of WBCs count in arthritic animals compared to normal ones. 
These results are in accordance with previous findings revealed an 
elevated WBCs count in adjuvant-arthritic rats (Kang et a/.,2002; Bovin 
et a/., 2004; Vivian et a/., 2005 and Balbir-Gurman et a/.,2006). 
However, the mean leukocyte count was closely correlated with the 
severity of inflammation and joint lesions in patients with arthritis (Aman 
eta/., 1999). In addition, RA is a disease with systemic manifestations, 
often affecting blood vessels and bone marrow function and it is 
therefore, reasonable to assume that at least some disease processes may 
be reflected in blood leukocytes (Bovin eta!., 2004). 
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The present study exhibited also significant elevation in the platelets 
count in arthritic animals compared to normal ones. These findings are 
corroborated with the results obtained by Milovanovic et a/. (2004); 
Vivian eta/. (2005) ami Zlw eta/. (2006). The increase of platelets count 
in RA was also in harmony with the results of Ertenli eta/. (1998) who 
indicated that the stimulation of cytokines promotes the production of 
platelets. 

On the other hand, treatment of arthritic rats with green tea 
and/or ALA, led to a marked improvement in all the hematological 
parameters including anemia (decreased RBCs cou~t,• Hb, HC, MCH, 
MCHC and MCV), leucocytosis as well as thrombocytosis. Such 
improvement may be attributed to both the antioxidant and anti­
inflammatory properties of green tea and ALA and exhibited the 
usefulness of each alone, as well as the additive effects of the 
concomitant treatment . 

The overall beneficial effects of green tea and/or ALA may be 
attributed to their high ability to scavenge ROS (Guo et a/., 1996 ami 
G11rer and Ercal, 2000 respectively) and to augment and repair the 
activity of the antioxidant system (Saija eta/., 1995; Gurer and Ercal, 
2000 ami Skrzytf/ewska et a/.,2002 respectively) as well as to their anti­
inflammatory properties (Burkart eta/., 1993 and Sueoka eta/., 2001). 
Therefore, recommendation of their use in combination may be valuable 
in the management and alleviation of RA risks 

In conclusion the improvement in the bone remodeling rate and 
the inflammatory features may be attributed to the antioxidant effects of 
green tea (Guo et a/. 1996) and/or ALA (Sumathi et a/., 1993) in 
addition to their anti-inflammatory properties (Burkart et a/., 1993 and 
Sueoka et a/., 2001 respectively),taking in consideration that their 
concomitant treatment was more effective. Moreover, treatment of RA 
rats with green tea and/or ALA, led to a marked improvement in all the 
hematological parameters including anemia (decreased RBCs count, Hb, 
HC, MCH, MCHC and MCV), leucocytosis as well as thrombocytosis. 
Such results exhibited the usefulness of each alone, as well as the additive 
effect of the concomitant treatment of both green tea extract and a- lipoic 
acid. 



Role of green tea a11d alpha-lipoic acid in arthritis 79 

REFERENCES 

Adocks, C.; Collin, P. and Suttle, D.J. (2002): Catechins from 
green tea (Camellia sinensis) inhibit bovine and human carti lage 
proteoglycan and type li collagen degradation in vi1ro. J. Nutr. , 
132(3):34 1-346. 

Ahmed, S.; Raman, A.; Hasnain, A.; Lalonde, M.; Goldberg, 
V.M. and Haqqi, T.M. (2002): Green tea polyphenol epigallocatechin-3-
gallate inhibits the IL-l beta induced activity and expression of 
cyclooxygenase-2 and nitric oxide synthase-2 in human chondrocytes. 
Free Radic. Biol. Med., 33(8):97-1 05 . 

Akyol, 0 .; Isci, N.; Temel, I.; Ozgocmen, S.; U.Z.E.; Murat, M. 
and Buyukberber, S., (2001): The relation between plasma and 
...... !throcyte antiox idant enzymes and lipid peroxidation in patients with 
rheumatoid arthritis. Joint Bone Spine, 68:311-317. 

Aman, S.; Risteli, J.; Luukkainen, R.; Risteli, L., Kauppi, M. 
and Nieminen, P. (1999) : The value of synovial fluid analysis in the 
assessment of knee joint destruction in arthritis in a 3-year follow-up 
study. Ann. Rheum. Dis., 58:559-562. 

Balbir-Gurman, A.; Yigla, M. ;Nahir, A.M. and Moscovici, 
8.(2006): Rheumatoid pleural effusion. Semin. Arthrit. Rheumm., 35(6): 
368-378. 

Berlett, B.S. and Stadtman, E.R. (1997): Protein oxidation m 
ageing, disease and oxidative stress. J. Bioi. Chern., 272: 203-206. 

Bovin, L.F.; Rieneck, K.; Workman, C.; Nielsen, H.; Sorensen, 
S.F.; Skjodt, H.; Florescu, A.; Brunak, S. and Bendtzen, K. (2004): 
Blood cell gene expression profiling in rheumatoid arthrit is 
Discriminative genes and effect of rheumatoid factor. lmmunol. Len., 
93:217-226. 

Burkart, V.; Koike, T.; Brenner, H.H.; lmai, Y. and Kolb, H. 
(1993): Dihydrolipoic acid protects pancreatic islet cells from 
inflammatory anack. Agents Actions, 38(1-2):60-65. 



El- Klwly, et a/. 80 

Cimen, M.Y.B.; Cimen, O.B.; Kacmaz, B.; Ozturk, H.S.; 
Yorgancioglu, R. and Durak, I. (2000): Oxidant/antioxidant status of 
the erythrocytes form patients with rheumatoid arthritis. Clin. 
Rheumatol., 19:275-277. 

Daice, J.V. and Lewis, S.M. (1984): Practical hematology. 
Chruchil Livingstone, fifth edition pp. :23-5 I. 

Demeule, M.; Brossard, M.; Page, M.; Gingras, D. and 
Beliveau, R. (2000): Matrix metalloproteinase inhibition by green tea 
catechins. Biochem. Biophys. Acta., 147(8):51-60. 

Devasagayam, T.P.A.; Subramanian, M.; Pradhan, D.S. and 
Sies, H. (1993): Prevention of singlet oxygen induced DNA damage by 
lipoate. Chern. Bioi. Interact., 86: 79-92. 

Dische, Z. and Schowrz, K. (1977) : Cited in Mikrochim. Acta., 2: 
13, Quoted from : Abdel -Salam, L.M. Ph.D. Thesis, Fac. Of Science, 
Ain Shamms Univ., (1983). 

ErtenJi, I.; Kiraz, S .; Arici, M.; Haznedaroglu, I.C.; Calguneri, 
M. and Celik ,I. (1998): Pselectin as a circulating molecular marker in 
rheumatoid arthritis with thrombocytosis. J. Rheumatol. , 25:1054-1058. 

Escalante, A. and Del Rincon, I. (2002): The disablement process 
in rheumatoid arthritis. Arth. Rheum., 47:333-342. 

Feldmann, M.; Brennan, F.M. an'd Maini, R.N.(1996): Role of 
cytokines in rheumatoid arthritis, Annu. Rev. Immunol., 14:397-440. 

Floyd, R.A. (1990): Role of oxygen free radicals in carcinogenesis 
and brain ischemia. FASEB J., 4:2587-2597. 

Gary, S. and Firestein, M.D. (2005): Pathogenesis of rheumatoid · 
arthritis, how early is early? ACP Med., 7(4):157-159. 

Guo, Q.; Zhao, B.; Li, M.; Shen, S. and Xin, W. (1996): Studies . 
on protective mechanisms of four components of green tea polyphenols · 
against lipid peroxidation in synaptosomes. Biochim. Biophys. Acta., 
1304:210- 222. 



Role of green tea and alpha- lipoic acid in arthritis 81 

Gurer, H. and Ercal, N.(2000): Can antioxidant be beneficial in 
the treatment of lead poisoning?. Free Radic. Bioi. Med., 29: 927-945. 

Han, D.; Handelman, G.; Marcocci, L.; Sen, C.K.; Roy, S. 
Kobuchi, H.; Tritschler, H.J.; Flo he, L. and Packer, L.( 1997): Lipoic 
acid increases de novo synthesis of cellular glutathione by improving 
cystine utilizati on. Biofactors, 6:321-338. 

Haqqi, T.M.; Anthony, D.O.; Gupta, S.; Ahmad, N., Lee, M.S.; 
Kumar, G.K. and Mukhtar, H. (1999): Prevention of collagen-induced 
arthrit is in mice by a polyphenolic fraction from green tea. Proc. Natl. 
Acad. Sci . USA, 96 : 4524-4529. 

Kang, S.S.; Pak, S.C. and Choi, S.H. (2002): The effect of whole 
bee venom on arthritis. Am. J. Clin. Med., 30:73-80. 

Katrib, A.; McNeil, H .P. and Youssef, P.P. (2002): What can we 
learn from the synovium in early rheumatoid arthritis? lnflamm. Res., 
51:170-175. 

Kind, P.R.N. and King, E .l. (1954): Estimation of plasma 
phosphate by determination of hydro lyzed phenol with amtno­
antipyrinine. J. Clin. Path., 7:322-326. 

Kleinau, S. and Klareskog, L. (1993) : Oil-induced arthritis in D 
A rats passive transfer by T cells but not with serum. J. Autoimnun., 
6:449-458. 

Kohl C.; Morgan, P. and Gescher, A. (1995): Metabolism of the 
genotoxicant 2-nitropropane to a nitric oxide species. Chern. Bioi. 
Interact., 97: 175-184. 

Kroger, H.; Arnala, I.; Rehnberg, V.; Hamalainen, M. and 
Alhava, £.(1994): Histomorphometry of particular bone in rheumatoid 
arthrit is. Ann. Chir. Gynaecol., 83:56-62. 

Liedtke, W.; Cannella, B.; Mazzaccaro, R.J.; Clements, J.M.; 
Miller, K.M.; Wucberpfennig, K.W.; Gearing, A.J. and Raine, C .S. 
(1998): Effective treatment of models of multiple sc lerosis by matrix 
metalloproteinase inhibito rs. Ann. Neurol. , 44:35-46. 



El- Kholy, et a/. 82 

Marrack, P.; Kappler, J . and Kotzin, B.L. (2001): Autoimmune 
disease: why and where it occurs. Nat. Med., 7:899-905. 

McCord, J.M. (1993): Human disease, free radicals, and the 
oxidant/antioxidant balance. Clin. Biochem., 26:351- 357. 

Milovanovic, M.; Nilsson, E. and Jaremo, P. (2004): 
Relationships between platelets and inflammatory markers in rheumatoid 
arthritis. Clin. Chim. Acta., 343:237-240. 

Mukhtar, H. and Ahmed, N. (1999): Green tea tn 

chemoprevention of cancer. Toxicol. Sci., 52:111-117. 

Narayana Raju, K.V.S.; Meera, R.; Jayasekaran Samuel, J.; 
Jayasundar, S. and Puvanakrishnan, R.(1999): Restandardisation of 
adjuvantinduced arthritis in rats: biochemical, radio logical and 
histopathological characterization. Biomed. Lett., 60 :173-182. 

Paget, G.E. and Barnes, J.M. (1964):Toxicity tests. In : 
"Evaluation of Drug Activities: Pharmacometrics".(Edited by Laurence, 
D.R. and Bacharach, A.L.)Vol.l. Academic Press, London and New 
York. 

Pap, T. and Distler, 0. (2005): Linking angiogenesis to bone 
destruction in arthritis. Arthrit. Rheum., 52:1346-1348. 

Ramprasath, V.R.; Shanthi, P. and Sachdanandam, P. (2005): 
Evaluation of antioxidant effect of Semecarpus anacardium Linn nut 
extract on the components of immune system in adjuvant arthritis. 
V ascul. Pharmacol., 42(4 ): 179-186. 

Rehman, Q. and Lane, N.E. (2001): Bone loss therapeutic 
approaches for preventing bone loss in inflammatory arthritis. Arthrit. 
Res., 3: 221-227. 

Reinhold, J.G. (1953): Total protein albumin and globulin. In 
standard methods of clinical chemistry. Seligson, D (Ed.) New York, 
Academic Press Inc; (I): 88. 



Role of green tea and alpha- lipoic acid in arthritis 83 

Saija, A.; Scalese, M.; Lanza, M.; Marzullo, D.: Bonina, F. and 
Castelli, F. (1995): Flavonoids as antioxidant agents: importance of their 
interaction with biomembranes. Free Radic . Bioi. Med .. I 9:481-486. 

SAS Institute, Inc. !982. SAS User's Guide: Statistics. SAS 
Institute, Cary, N.C. 

Selvakumar, E.; Prahalathan, C.; Mythili, Y. and Varalak.shmi, 
P.(2004): Protective effect of DL-a-lipoic acid in cyclophosphamide 
induced oxidative injury in rat testis. Reprod. Toxicol., 19:163- 173. 

su ... ·a, M.A.; Ishii-Iwamoto, E.L.; Bracht, A.; Caparroz-Assef, 
S.M.; Kimura, E.; Cuman, R.K. and Bersani-Amado, C.A. (2005): 
Effie iency of combined methotrexate/chloroquine therapy in adjuvant­
induced arthritis. Fundam. Clin. Pharmacal., 19(4):479-489. 

Skrzydlewska, E. ; Ostrowska, J. ; Farbiszewski, R. and 
Michalak, K.(2002): Protective effect of green tea against lipid 
peroxidation in the rat liver, blood serum and the brain. Phytomed. ; 9: 
232-238. 

Strunk, J.; Klingenberger, P.; Strube, K.; Bachmann, G.; 
Muller- Lander, U. and Kluge, A. (2006): Three- dimensional Doppler 
sonographic vascular imaging in regions with increased MR enhancement 
in inflamed wrists of patients with rheumatoid arthritis. Joint Bone Sp ine. 
In Press. 

Sueoka, N.; Suganuma, M.; Sueoka, E.; Okabe, S.; Matsuyama, 
S.; lmai, K.; Nakachi, K. and Fujiki, H. (2001): A new funct ion of 
green tea: Prevention of li fe-related disease. Ann. NY. Acad. Sci., 
928:274-280. 

Sumathi, R.; Jayanthi, S.; Kalpanadevi, V. and Varalak.shmi, 
P.(1993): Effect of DL a-lipoic acid on tissue lipid peroxidation and 
antioxidant systems in normal and glycollate treated rats. Pharmacal. 
Res. , 27(4):309-318. 

Szabados, E.; Fischer, G.M.; Gallyas, F.; Kispal, G.J.R. and 
Sumegi, B. (1999): Enhanced ADP-ribosylation and its diminution by 
lipoamide after ischemia-reperfusion in perfused rat heart. Free Rad. 
Bioi. Med., 27: 1103-113. 

I 



El- Kholy, et a/. 84 

Taylor, P.C. (2005): Serum vascular markers and vascular 
imaging in assessment of rheumatoid arthritis disease activity and 
response to therapy. Rheumatol., 44:721-728. 

Thoresen, S.S.; Clayton, J.R.; Dortch, Q.F. and Ahmed, 
S.L.(1983): A rapid technique for the determination of RNA and DNA in 
marine phytoplankton. J. Plank. Res. , 5:253-261. 

Vijayakumar, D.; Suresh, K. and Manolt.. r.ln S. (2006): Lipid 
peroxidation and antioxidant status in blood of rheumatoid arthritis 
patients. lndi. J. Clin. Biochem., 21 ( l ): l 04-l 08. 

Vivian, C.; Shih, M.D., Leonard, B.; Kamen, D.O.; Robert, J.; 
Kaplan, M.D.; Todd, P.; Stitik, M.D., Ali, A.; Bitar, M.D.; And r ew, 
N. and Vo, M.D. (2005): Rehabilitation of orthopedic and rheumatologic 
disorders.4. Rheumatoid arthritis and calcium pyrophosphate deposition 
d:se·:ts~. Arch. Phys. Med. Rehabil., 86: 61-68. 

Waller, R.A., Duncan, D.B., (1969): A Bayes rule for the 
symmetric multiple comparison problems. J .Am. Sta{. Assoc., 64, 1484-
1503. 

Yang, F.; De Villiers, W.J.S.; McClain, C.J. and Varilek, G.W. 
(1998): Green tea polyphenols block endotoxin-induced tumor necrosis 
factor-a production and lethality in a murine model: J. Nutr., 128: 2334-
2340 -

Zha, Q.I.; He, Y.I.; Lu, Y.U. and Luhbox, A.I. (2006): 
Relationship between platelets count and cartilage erosion in 436 cases of 
rheumatoid arthritis. Clin. Chim. Acta., 3 7 1:194- 195. 

Zhang, W .J. and Frei, B. (2001): A-lipoic acid inhibits TNF-a­
induced NF-(kappa) B activation and adhesion molecule expression in 
human aortic endothelial cells. FASEB J., 15:2423-2432. 

~------------------~-------------·- - - ---~~~--~~~--------~ 



Table I: Serum <Jnd Bone /\ cid (AI') ,A ib lim: phosph<~Wst· ( A Ll') Activi ti e:;; Serum Tot<d Protein A nd ISono: DNA and R NA 
Contents in Non-anhritic and Arthr itic 1-'cm<Jk Rats Trc:-tted w ith G rc(:n Tc :1 and lo t A lrhn-Lipoic A L· id . 
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Table 2: C-Re<~ctive Protein (CRP) (mg/1) and Erythrocyte Sediment<Jlion rate (ESR)(mm/hr) 1n Non-anllritic and 1\rthritic 
Female Rats Treated with Green Tea and /or 1\lpha-Lipoic Acid. 
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• •• ' P<O.OO I (very high significant ) 
a= Significant differem:c in comparison wi1h norlllal con1rol group. 
b = Significant diiTcrence in comparison wi1h anhrilit: control gr0up . 
c, d and c = Signifie:~nt diffc rcnn· comp:~ring each arthritic lrC:lled group \V tlh 1t ~ mnlch.:d nCHJ·anhritic one respectively. 
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Table 4: Hematocrit value (HC), Hemoglobin (Hb) Concen1ration, Mean Corpus<.:ular l lemoglobin (MCH), Mean 
Corpuscular l lcmoglobin Concentration (MCHC) and Mean Corpuscular Volume (MCV) in Non-arthritic and ~ 

Arthritic Female Rats Treated with Green Te:l and /or Alpha-Lipoic Acid . i"" 

Non-arthrilic g roups Arth rilic g r oups 

Alpha-lipoic 
Crecn led 

No rmul Green leu + A rth rit ic G reen lea Alph u-li poic acid 
acid 

conlrol (2ll.57mglkgbw) 
(25m~/k~hw) 
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,---· 
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. . . .. . . 
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