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Abstract 

The purpose of the study was to evaluate the possible effects of the 

administration of a green tea extract on the oxidative state of the liver and brain 

of adjuvant-induced arthritic rats, a model for human rheumatoid arthritis. Daily 

doses of 250 mg/Kg (59.8 mg catechins per Kg) during 23 days were 

administered. This treatment produced significant diminutions in protein and lipid 

damage in liver, brain and plasma. It also diminished the tissue ROS contents 

and increased the antioxidant capacity of the plasma. The antioxidant defenses, 

which are diminished by arthritis, were improved by the green tea treatment, as 

revealed by the restoration of the GSH and protein thiol levels and by the strong 

tendency of normalizing the activities of the antioxidant enzymes. The activity of 

glucose 6-phosphate dehydrogenase, which is increased by arthritis in the liver, 

was also almost normalized by the treatment. In conclusion, it can be said that 

green tea consumption is possibly beneficial for the liver and brain of patients 

suffering from rheumatoid arthritis because it attenuates the pronounced 

oxidative stress that accompanies the disease and, thus, diminishes the injury to 

lipids and proteins in both liver and brain. There are also indications that, in the 

liver, the green tea can contribute to normalize the metabolic functions that are 

substantially modified by arthritis. For example, the green tea normalized the 

activity of glucose 6-phosphate dehydrogenase, a key enzyme of an important 

metabolic route (pentose monophosphate pathway).  It is to be expected that 

the green tea treatment is equally able to normalize the activity of other 

enzymes (e.g., glucokinase and glucose 6-phosphatase), a hypothesis to be 

tested by future work.  

 

 

 

Keywords: arthritis, liver, brain, green tea, antioxidants, catechins, redox 

status. 
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Introduction 
 

Rheumatoid arthritis is a symmetric polyarticular arthritis that primarily 

affects the small diarthrodial joints of the hands and feet. Is a chronic 

inflammatory autoimmune mediated disorder characterized by cellular infiltration 

and proliferation of the synovial membrane, pannus formation, cartilage and 

bone erosion, leading to the progressive destruction of the joints through the 

interaction between infiltrating cells and mediators like cytokines, prostanoids 

and proteolytic enzymes. Rheumatoid arthritis occurs in 0.5–1.0% of the adult 

population worldwide.1 

The pathophysiology of arthritis involves an intense hyperplasia of the 

articular cartilage with participation of T cells, B cells, macrophages, fibroblasts, 

and proinflammatory cytokines, particularly interleukin-1β (IL-1β), interleukin-6 

(IL-6), and tumor necrosis factor α  (TNF-α).2 Disease progression is also 

attributed to increases in reactive oxygen species (ROS) and oxidative stress in 

the lesion sites.3 Because rheumatoid arthritis is a multisystem disease, in 

addition to the joints it also affects other organs such as liver, lung and vascular 

tissue.4,5 The liver of rats with adjuvant-induced arthritis, for example, presents 

increased rates of oxygen uptake, inhibition of gluconeogenesis and stimulation 

of glycolysis, alterations in the urea cycle and modifications in calcium 

homeostasis.610 A detailed investigation on the oxidative state of the liver of 

arthritic animals has been done more recently.11 Substantial modifications have 

been detected, as for example higher levels of ROS, protein carbonyl groups and 

thiobarbituric acid reactive substances (TBARS) in several subcellular fractions 

(cytosol, mitochondria and peroxisomes). It was proposed that these 

modifications in the liver of arthritic rats are mainly consequence of the 

metabolic alterations caused by the disease especially the increased oxidative 

metabolism.11 Similar observations were made in the brain of arthritic rats, 

although the causes in this tissue are apparently much less dependent on an 

increased oxidative metabolism than in the liver.12  

Green tea has been shown to have several health beneficial effects, which 

have been attributed to its content in polyphenols, mainly catechins and catechin 

derivatives, including (-)-epigallocatechin-3-gallate (EGCG), epigallocatechin 

(EGC) and epicatechin-3-gallate (ECG).13  Green tea extracts or catechin-rich 

preparations have been proposed to be the useful in the prevention and/or 
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treatment of various disorders including cancer, cardiovascular disease, diabetes 

mellitus and hepatitis.1421 Extracts of green tea have been shown to inhibit the 

inflammatory responses and the development of arthritis in animal model 

studies.17 The free radical scavenging action of the catechins as well as their 

ability to chelate transition metals such as iron and copper can be expected to 

prevent the formation of reactive oxygen species and inhibit lipid peroxidation in 

addition of increasing the expression of antioxidant enzymes.13,22 Several studies 

have emphasized a possible beneficial action of green tea extracts or catechin 

enriched preparations on arthritis inflammatory states or senescence-induced 

changes in the brain antioxidant abilities.2326  

Although it is a generally accepted notion that the polyphenols of green tea 

should be effective on the oxidative stress that accompanies arthritis and other 

diseases, systematic studies on this question are lacking for most cells and 

tissues, except perhaps human chondrocytes and a few other models of oxidative 

stress.17,27,28 This is especially true for the liver and brain, which have only 

recently been investigated systematically on this respect.11,12 For this reason we 

decided to investigate the actions of a green tea extract on the modifications in 

the oxidative status caused by arthritis in these two tissues. The experimental 

system was the adjuvant-induced arthritic rat. The adjuvant-induced arthritis is 

an experimental immunopathology in rats that presents similarities to human 

rheumatoid arthritis: synovial hyperplasia, systemic inflammation, cachexia, and 

high levels of plasma pro-inflammatory cytokines and lesion sites.29,30 The data 

obtained should further contribute to our current knowledge about the oxidative 

state of the liver and brain during arthritis and about the therapeutic and 

physiologic abilities of green tea. 
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Materials and Methods  
 

Chemicals 

Dinitrophenylhydrazine (DNPH), 2ʹ7ʹ-dichlorofluoresceindiacetate (DCFH-DA), 

oxidized dichloro-fluorescein (DCF), 1,1ʹ,3,3ʹ-tetraethoxypropane, horse-radish 

peroxidase (HRP), o-phthalaldehyde (OPT), reduced glutathione (GSH), oxidized 

glutathione (GSSG), glutathione reductase (GRd), 2,2-azinobis 3-ethyl-

benzothiazoline-6-sulfonate (ABTS), complete Freund’s adjuvant (CFA), 5,5-

dithiobis 2-nitrobenzoic acid (DTNB), catechins (EGCG, EC and C), caffeine and 

nitrate reductase were purchased from Sigma Chemical Co. (St. Louis, MO, USA). 

The commercial kit for albumin assay was purchased from Gold Analisa 

Diagnóstica Ltda (Belo Horizonte, Brazil). All other chemicals were of analytical 

grade.  

 

Preparation of the Camellia sinensis aqueous extract and quantification 

of total phenolics 

Leaves of Camellia sinensis var. assamica, originating from the Ribeira Valley 

(Brazil), were purchased in supermarkets (Maringá, PR, Brazil). The tea was 

prepared by infusing 1 g of the dried leaves per 100 ml distilled water at 80 °C 

for 8 min under constant stirring. The extract was then filtered though filter 

paper using a vacuum pump. The filtrates were lyophilized and stored in freezer 

until use. The concentration of the phenolic compounds in the extract was 

determined by the Folin-Ciocalteu method, using catechin as a standard.31 The 

absorbance was measured at 725 nm. The results were expressed as µg catechin 

per mg of dry extract. 

 

Determination of the polyphenol contents in green tea extract  

The extract was analyzed by high performance liquid chromatography 

(HPLC). The analyses were carried out on a ShimadzuSPD-20A model. The 

column used was a 100-4 Superspher R C-18 (Macherey-Nagel, 125 x 2 mm, 4 

mm). The mobile phase was water: acetonitrile:methanol:ethyl acetate: glacial 

acetic acid (89:6:1:3:1) with a flow rate of 0.7 ml/min.32,33 The 

spectrophotometric detection was at 280 nm and the temperature 20±2 °C. 

Identification of the detected peaks was carried out by comparison of their 

retention times with those obtained by injecting standards in the same 
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conditions, as well as by spiking the green tea samples with stock standard 

solutions. Quantification of the identified compounds in the extract samples were 

calculated by means of the regression parameters obtained from calibration 

curves. The calibration curves were constructed by separation chromato-

graphically standard solutions of the compounds. Linear relationships were 

obtained between the concentrations and areas under elution curves. 

 

Animals and treatments 

Male Holtzman rats were fed ad libitum with a standard laboratory diet 

(Nuvilab, Colombo, Brazil) and maintained on a regulated light dark cycle. For 

the induction of adjuvant arthritis, animals weighing 180-210 g were injected in 

the left hind paw with 0.1 ml of Freund’s complete adjuvant (heat-inactivated 

Mycobacterium tuberculosis, derived from the human strain H37Rv), suspended 

in mineral oil at a concentration of 0.5% (w/v).34 Rats of similar weights served 

as controls. All experiments of adjuvant arthritis induction were done in 

accordance with the world-wide accepted ethical guidelines for animal 

experimentation and previously approved by the Ethics Committee for Animal 

Experimentation of the University of Maringá (Protocol nº 067/2014-CEUA-UEM). 

The animals were divided into 4 groups (6 rats each): (1) group I were 

healthy animals (controls); (2) group II were healthy animals treated with green 

tea extract (treated controls); (3) group III were the arthritic rats; (4) group IV 

comprised the arthritic rats treated with the green tea extract (arthritic treated). 

The treatment of the arthritic rats consisted in the administration of the green 

tea extract during 5 days prior to the induction of arthritis and during additional 

18 days after initiating the induction. The daily doses were 250 mg extract per 

Kg body weight. The treated controls received the same doses during 23 days. 

Control animals, healthy or arthritic, received daily distilled water for 23 days. 

 

Preparation of liver and brain homogenates 

After 23 experimental days the 18 hours fasted rats were decapitated, the 

brain and the liver were immediately removed, freeze-clamped, and stored in 

liquid nitrogen. The tissues were then homogenized separately in a van Potter 

homogenizer with 10 volumes of ice-cold 0.1 M potassium phosphate buffer (pH 

7.4) and aliquots were separated for use as total homogenates. The remaining 
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homogenates were centrifuged at 11,000g during 15 min and the supernatants 

separated as the soluble fractions of the homogenates. 

 

Blood collection and plasma preparation 

After 23 experimental days the 18 hours fasted rats were were anesthetized 

with intraperitoneal injection of sodium pentobarbital (50 mg kg-1) and the blood 

was collected by puncturing the inferior vena cava after laparotomy and 

transferring it to tubes containing anticoagulant. The samples were centrifuged 

at 1,000g for 10 minutes to separate the plasma fraction. Albumin and total 

proteins were assayed by spectrophotometric techniques using commercial kits. 

 

Oxidative injury parameters 

The brain and the liver homogenate were assayed for lipid peroxidation by 

means of the TBARS assay (thiobarbituric acid reactive substances).35 The 

amount of lipoperoxides was calculated from the standard curve prepared with 

1,1’,3,3’-tetraethoxypropane and the values were expressed as nmol (mg 

protein)-1. The protein carbonyl groups contents were measured 

spectrophotometrically in the liver and brain homogenates and in the plasma 

using 2,4-dinitrophenylhydrazine (DNPH) (ε370 = 22 x 103 M1 cm1) and the 

values were expressed as nmol (mg protein)1.36 

 

Determination of the total antioxidant capacity (TAC) 

The total antioxidant capacity of the plasma was determined colorimetrically 

with 2,2’-azino-bis (3-ethylbenzo-thiazoline-6-sulphonic acid (ABTS).37 Plasma 

aliquots (50 μL) were added to 1.8 mL of 0.4 M acetate buffer (pH 5.8) plus 150 

μL of a cationic ABTS solution (30 mM acetate buffer, pH 3.6, containing 10 mM 

ABTS and 4 mM H2O2). After 5 minutes of incubation in the dark, the absorbance 

at 734 nm was read against water. The compound 6-hydroxy-2,5,7,8-tetra-

methyl-chloraman-2-carboxylic acid (TROLOX) was used as a standard and the 

results were expressed as μmol TROLOX equivalents per mg protein. 

 

Protein reduced thiol groups measurement 

The reduced protein thiol groups in the plasma were determined using the 

compound 5,5’-dithiobis 2-nitrobenzoic acid (DTNB).38  Proteins in 100 μL of the 

plasma were precipitated with 1.0 mL 5% trichloroacetic acid + 5 mM EDTA. 
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After centrifugation at 2000g for 3 minutes, the precipitate was homogenized 

with a pellet homogenizer. The process of precipitation/homogenization was 

repeated twice and the final precipitate was suspended in 3.0 mL of 0.1 M TRIS 

buffer (pH  7.4)  containing 5 mM EDTA and 0.5% sodium dodecyl sulfate. An 

aliquot of 400 μL of this solution was transferred to 1.6 mL of 0.1 M TRIS buffer 

(pH = 8.6) containing 5 mM EDTA with a further addition of 20 μL of 10 mM 

DTNB. After 10 minutes in the dark, the absorbance against blank was 

determined at 412 nm. The blank consisted in 2.0 mL 0.1 M TRIS buffer (pH = 

8.6) plus 20 L of 10 mM DTNB. The concentration of reduced thiols was 

calculated using a molar extinction coefficient of 1.36 x 104 M1 cm1 and 

expressed as nmol per mg protein. 

 

ROS measurement 

Reactive oxygen species were assessed in the homogenate supernatants. The 

total ROS content was quantified via the 2’-7’-dichlorofluorescein-diacetate 

(DCFH-DA) assay.39 Acetate groups of DCFH-DA allow it to enter the organelles. 

These groups are removed by esterases producing the reduced DCFH within the 

organelle, which can be oxidized by peroxides to the fluorescent oxidized 

dichlorofluorescein (DCF). The formation of DCF was measured immediately after 

stopping the reaction on ice with a spectrofluorimeter RF-5301 (Shimadzu) in 

which the excitation and emission wavelengths were set at 504 and 529 nm, 

respectively. A standard curve with oxidized dichlorofluorescein (DCF) was used 

to express the results as nmol (mg of protein)1. 

 

Glutathione assay 

Reduced glutathione (GSH) and oxidized glutathione (GSSG) were measured 

in the total homogenate. The GSH and GSSG contents were measured 

spectrofluorimetrically (excitation 350 nm and emission 420 nm) by means of 

the o-phytalaldehyde assay.40  Fluorescence was estimated as GSH. For the 

GSSG assay, the sample was previously incubated with 10 mM N-ethylmaleimide 

(NEM) and subsequently with a mixture containing 1 M NaOH and 0.4 µM 

phthalaldehyde to detect the fluorescence. The results were calculated using a 

standard curve prepared with GSH or GSSG and the values were expressed as 

µmol per gram brain or, alternatively, as nmol (mg protein)1. 
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Nitrite plus nitrate contents 

The nitrite plus nitrate contents were measured in the total liver and brain 

homogenates. Nitrate was first converted into nitrite by adding the enzyme 

nitrate reductase and the total nitrite was quantified by the Griess method.41 The 

results were expressed as nmol (mg of protein)�1. 

 

Enzyme assays 

Antioxidant enzymatic activities were assessed in the homogenate 

supernatant. The catalase (CAT) activity was estimated by measuring changes in 

absorbance at 240 nm using H2O2 as substrate and expressed as µmol min1 (mg 

protein)1.42  The glutathione redutase (GR) activity was estimated by measuring 

changes in absorbance at 340 nm using NADPH and GSSG as substrates and 

expressed as nmol min1 (mg protein)1.42  The superoxide dismutase (SOD) 

activity was estimated by its capacity of inhibiting the pyrogallol autoxidation in 

alkaline medium. The latter was measured at 420 nm.43  One SOD unit was 

considered the quantity of enzyme that was able to promote 50% inhibition and 

the results were expressed as Units (mg protein)�1. The glutathione peroxidase 

(GPx) activity was estimated by measuring changes in absorbance at 340 nm 

due to NADPH consumption in the presence of H2O2, GSH and glutathione 

redutase and expressed as nmol min�1 (mg protein)1.44 The activity of glucose 

6-phosphate dehydrogenase was measured as the reduction rate of NADP+ in the 

presence of glucose 6-phosphate.42 The increase in absorbance due to NADPH 

production was monitored during three minutes. The initial rates were obtained 

by extrapolation to zero time and the activity computed as nmol min1 mg 

protein1 using the molar extinction coefficient of NADPH (6.22  103 M1 cm1). 

 

Statistical analysis 

The error parameters presented in graphs and tables are standard errors of 

the means. Statistical analysis was done by means of the GraphPad Prism 

Software (version 5.0). Evaluation of the statistical significance was done by 

means the variance analysis (ANOVA) followed by post hoc Student-Newman-

Keuls testing. The 5% level (p<0.05) was adopted as the significance criterion. 
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Results  

 

Catechin content of the green tea extract 

The catechin contents of green tea extracts and infusions has been measured 

in numerous studies.18,21,26,45 Similar measurements were done in the present 

work to characterize the specific sample that was used and also to provide a 

basis for comparisons with other studies. The results are shown in Table 1. 

Epigallocatechingallate (EGCG) was the most abundant, accounting for nearly 

50% of the total catechin content. The total catechin content revealed by the 

HPLC analysis (239.33 µg/mg; Table 1), was close to the total phenolic content 

found by using the Folin-Ciocalteu assay which was equal to 297.71±3.43 µg/mg 

(n=3). 

 

Effects of the green-tea extracts on oxidative stress indicators 

The results of the measurements that were done in the liver of healthy and 

arthritic rats are shown in the four panels of Figure 1. Treatment of healthy rats 

with the green tea extract did not produce any modification in the four 

parameters that were measured in the liver, protein carbonyls (panel A), reactive 

oxygen species (ROS; panel B),  lipid peroxidation (TBARS; panel C) and the 

nitrate + nitrite content (panel D).  Arthritis increased protein  carbonyls (74%), 

ROS (72%) and  TBARS (59.5%). The small increment in the nitrate + nitrite 

contents (13%) lacks statistical significance. These results confirm previous 

reports.11,12 Treatment of arthritic rats with the green tea extract diminished the 

three parameters that were increased by the disease. The arthritis-induced 

increases in the protein carbonyl levels, ROS and TBARS were diminished by 

56.9%, 44% and 59%, respectively. These numbers were calculated as 100  (1 

 percent increase in treated arthritic rats/percent increase in non-treated 

arthritic rats).  

Figure 2 shows the corresponding measurements that were done in the brain. 

In this tissue the treatment of healthy rats was also without effect on the four 

parameters that were measured. Arthritis produced changes that were 

qualitatively similar to those found for the liver but quantitatively somewhat less 

pronounced: a 41% increase in the protein carbonyls (panel A), 39% in the ROS 

levels (panel B), 43% in the TBARS levels (panel C) and no significant change in 

the nitrate + nitrite content (panel D). Treatment of the arthritic rats with the 
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green tea extract also diminished these increases by 53.6%, 56.4% and 46.0 for 

the protein carbonyl levels, ROS and TBARS, respectively.  The nitrate and nitrite 

levels of the brain showed no significant changes as revealed by panel D in 

Figure 2. 

The plasma parameters measured in the present work were protein carbonyls, 

the total antioxidant capacity, protein thiols and the albumin concentration. The 

results are shown in Figure 3. Treatment of healthy rats with the green tea 

extract caused a small diminution in the plasma protein carbonyls (17.9%), as 

shown in Figure 3A. The other parameters were not changed by the green tea 

extract treatment of healthy rats. Arthritis, on the other hand, modified 

substantially all variables assayed in the present study. The protein carbonyl 

levels were increased by 34.3%. The total  antioxidant capacity (TAC), the 

protein thiols and the albumin concentration were decreased by 26, 37.5, and 

33.7%, respectively. All these parameters were improved by the green tea 

extract administration. The increase in the protein carbonyl content (Figure 3A) 

was diminished by 781%. The drops in the TAC, protein thiols and albumin 

concentration were reduced to 24, 66.6 and 56.6%, respectively, of those found 

in non-treated arthritic rats. These numbers were calculated as 100  (percent 

decrease in treated arthritic rats/percent decrease in non-treated arthritic rats). 

In spite of the drop in the plasma albumin concentration in arthritic rats, the 

total protein concentration was increased by 15.6% (from 52.5±1.0 to 60.7±0.5 

mg/mL; p < 0.05). In green tea-treated rats this increase was significantly 

reduced to 8.8% relative to the healthy rat (57.1±0.7 mg/mL; p < 0.05). 

 

GSH and GSSG tissue contents  

The concentrations of both reduced and oxidized forms of glutathione (GSH 

and GSSG) were measured in both liver and brain. The results, in all cases 

expressed as nm per mg protein, are listed in Table 2. Administration of the 

green tea extract to healthy rats caused increases in the GSH contents of both 

liver and brain (19.7 and 27.3%, respectively). In the brain the GSSG content of 

healthy rats was also increased (21.7%). The GSH/GSSG ratios in brain and liver 

of healthy rats, however, were not significantly modified by the green tea extract 

administration. Arthritis, on the other hand, clearly decreased the GSH content, 

by 34.5%  in the liver and 31.1% in the brain. This phenomenon  was coupled in 

the liver to a substantial increase in the GSSG content (+50%), but a decreasing 
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tendency was observed in the brain. In consequence, the GSH/GSSG ratio was 

much more decreased in the liver than in the brain. For both liver and brain 

these results confirm previous observations of our laboratory.11,12 Administration 

of the green tea extract to arthritic rats was notable in that it virtually preserved 

the GSH content and the GSH/GSSG ratio in both tissues. 

 

Enzyme activities  

Five enzymatic activities related to the oxidative state of both tissues, liver 

and brain, were measured. The results are summarized in Table 3. The 

administration of the green tea extract to healthy rats did not produce 

statistically significant changes in any of the enzymatic activities measured in the 

present work. Arthritis, however, diminished the activities of catalase (liver 

74.3%, brain 21.7%), glutathione reductase (liver 33.1%, brain 18.9%), 

superoxide dismutase (SOD; liver 31.1%, brain 27.0%) and glutathione 

peroxidase (liver 32.3%, brain 27.0%). The glucose 6-phosphate 

dehydrogenase, however, was increased in the liver (82.0%) and decreased in 

the brain (19.6%). Treatment of arthritic rats had a positive influence on 

practically all  the enzymatic activities measured  in the present work in both 

tissues. In the liver the diminishing influence of arthritis on catalase, glutathione 

reductase, superoxide dismutase  and glutathione peroxidase  was attenuated by 

the green tea treatment. The attenuation amounted to 34.3, 54.7, 45.3, and 

65.0%, respectively. In the liver, also, the green tea treatment restrained the 

increase in the glucose 6-phosphate dehydrogenase activity, which was reduced 

to only 32.3%. In the brain, upon green tea treatment, the diminishing influence 

of arthritis on catalase, glutathione reductase, superoxide dismutase, glutathione 

peroxidase and glucose 6-phosphate dehydrogenase was attenuated by 80.4, 

100.0, 82.4, 60.7% and 65.9%, respectively. Comparison of the effects of the 

green tea extract in the liver and brain of arthritic rats reveals that in the latter it 

was considerably more effective in relative terms. 
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Discussion 
 

The importance of green tea as a functional food can hardly be over-

emphasized as it is being continuously corroborated by numerous studies with 

several species and experimental systems. With specific reference to rheumatoid 

arthritis it has been shown in animal models that the development of the disease 

was ameliorated by the prophylactic administration of green tea polyphenols in 

the drinking water.23,24  The present study adds more evidence to the health 

beneficial effects of green tea, in this case, as a formulation capable of 

attenuating the pronounced oxidative stress caused by arthritis in the liver and 

brain. Administration of the green tea extract proved to be effective in  

improving the oxidative state in these two tissues and it was also active on four 

blood parameters. Since this action requires the participation of antioxidant 

compounds, the extract used in the present study was characterized in terms of 

its contents in catechins and total phenolics, which are believed to be the most 

important antioxidant agents of green tea.13,46 The extract doses that were 

administered daily, 250 mg/Kg, correspond to relatively low doses of both total 

phenolics and catechins, more precisely, 74.4 and 59.8 mg/Kg. These values are 

considerably lower, for example, than the minimal dose, 125 mg/kg, used in 

another study in which the green tea extract proved to be efficient in mitigating 

the senescence-induced changes in the brain antioxidant capacities of mice.26  

The green tea extract administration diminished the arthritis-induced damage 

to both proteins and lipids in the liver as well as in the brain. In addition, it 

diminished the levels of reactive oxygen species also in both tissues. It was 

without statistically significant effects on the indicators (nitrate + nitrite) of the 

NO levels in the brain and liver homogenates. It should be noted, however, that 

modifications in the levels of nitrate + nitrite in consequence of arthritis were 

found only in subcellular fractions (mitochondria and peroxisomes), which 

comprise a small fraction of the total tissue.11,12 One should not exclude, thus, 

that green tea might also be effective on these modifications. The results of this 

work are similar in many aspects to the observations that green tea exhibits 

protective effects against the senescence mediated redox imbalance in mice.26 

They are also consistent with the observations that treatment of hemodialysis 

patients reduces mononuclear cell expression of the oxidative stress related 

protein p22phox and the plasma fibrinogen levels.25 The increased oxidative 
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damage in the liver of adjuvant-induced arthritic rats has been shown to be 

consistent with a more intense oxidative metabolism, which in turn, is expected 

to generate a more oxidizing environment and a more intense production of 

ROS.11 In fact, the liver of arthritic rats presents higher activity of glucokinase 

and a diminished activity of glucose 6-phosphatase, a combination that leads to 

higher levels of glucose 6-phosphate and also to higher rates of glycolysis.8,47 

The pentose-monophosphate shunt should also be increased, as can be expected 

from the higher levels of glucose 6-phosphate combined with the increased 

activity of glucose-6-phosphate dehydrogenase (Table 3).11,47 Perfused livers 

from arthritic rats are generally characterized by higher rates of oxygen uptake 

under several conditions.6 Although this can be brought about by an increased 

flux of reducing equivalents from the cytosol in the case of increased glycolysis, 

there is equally evidence for an increased activity of the mitochondrial 

respiratory chain, an observation that is consistent with the reported increased 

cytochrome c oxidase activities.6,11 In addition to the more intense oxidative 

metabolism in the liver of arthritic rats, the latter also present a deficient 

antioxidant defense, as indeed corroborated by the results of the present work 

which revealed reduced levels of antioxidant enzymes and a diminished GSH 

content. An impaired antioxidant defense in arthritic rats is also evident in the 

brain and in the plasma, as revealed by the smaller levels of protein thiols and 

the reduced total antioxidant capacity. Taking into account the two concomitant 

causes for the pronounced oxidative stress in arthritic rats, the main question 

that can be formulated is one about the mode of action of the green tea extract, 

which could occur (factor 1) by improving the antioxidant defenses, (factor 2) by 

damping the events which, at least in the liver, generate a more intense 

oxidative metabolism, or by a combination of both.11 The data that are available 

so far do not allow to conclude with certainty about factor 2, i.e., there is still 

little information about the action of green tea on the oxidative metabolism. An 

indication that it might be acting on oxidative pathways is the diminution of the 

glucose 6-phosphate dehydrogenase activity in the liver of arthritic rats that was 

observed in the present work and which should mean a diminution of the flux 

through the pentose–monophosphate shunt. In this respect it should be 

mentioned that higher activities of glucose 6-phosphate dehydrogenase are 

generated by agents that promote oxidative stress in the rat liver, such as 

hydrogen peroxide and t-butylhydroperoxide.48  Besides the activity of glucose 6-
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phosphate dehydrogenase activity, thus, only specific measurements of the 

influence of green tea can provide further insights into the question if this 

preparation is able to diminish the excess respiratory activity of the liver or other 

cells during arthritis.  

Concerning factor 1, the improvement of the antioxidant defenses, the action 

of green tea seems to be quite evident. The ingestion of the green tea extract 

significantly improved the levels of antioxidant enzymes in both brain and liver. 

It also improved the tissue concentration of reduced glutathione and the content 

of reduced protein thiols in the plasma. The combination of increased glutathione 

peroxidase activity with increased GSH levels in both tissues, brain and liver, are 

particularly important, because this enzyme actually degrades GSH in parallel 

with its activity in removing active oxygen species or their precursors (e.g., 

H2O2).11,12 Higher levels of GSH in parallel with a higher glutathione peroxidase 

activity in arthritic rats, thus, also means a restored increased capacity of 

regenerating GSH from GSSG. This is partly justified by the almost restored 

activities of glutathione reductase in green tea-treated arthritic rats, but it could 

also mean a more reduced state of the NADP+/NADPH and NAD+/NADH couples 

induced by the various green tea components.11,12  

The green tea administration to arthritic rats had also a positive influence on 

the plasma albumin concentration. Hypoalbuminemia is a common phenomenon 

in arthritic patients.49 The albumin concentration does not correlate with the 

indices of the disease activity. The lower levels of plasma albumin in arthritic 

patients is much more the result of an increased relative catabolic rate. The 

effects of the green tea extract observed in the present study could thus be the 

result of a partial inhibition of the catabolic degradation of albumin.  
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Conclusions  
 

In conclusion, it can be said that green tea consumption is possibly beneficial 

for the liver and brain of patients suffering from rheumatoid arthritis because it 

attenuates the pronounced oxidative stress that accompanies the disease and, 

thus, diminishes the injury to lipids and proteins in both liver and brain. There 

are also indications that, in the liver, the green tea can contribute to normalize 

the metabolic functions that are substantially modified by arthritis to the point 

that it is usual to classify these modifications as a cachectic state.610 For 

example, green tea normalized the activity of glucose 6-phosphate 

dehydrogenase in the liver, a key enzyme of an important metabolic route 

(pentose monophosphate pathway). Based on this observation, one can expect 

that the green tea treatment should be equally able to normalize the activity of 

other enzymes (e.g., glucokinase and glucose 6-phosphatase), a hypothesis to 

be tested by future work.8,47 
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Table 1  The catechin contents of the green-tea extract administered to the rats 
in the present study. Determination was done by means o HPLC. The results are 
means ± mean standard errors of 3 determinations. 

 

Compound Content (µg/mg) Percentage of 
total catechins 

Epigallocatechin (EGC) 30.63±1.30 12.80 

Epichatechin (EC) 17.95±0.80 7.50 

Catechin (C) 6.22±0.09 2.60 

Epigallocatechingallate (EGCG) 120.33±2.15 50.28 

Galocatechingallate (GCG) 15.99±0.37 6.68 

Epicatechingallate (ECG) 41.50±1.00 17.34 

Catechingallate (CG) 6.7±0.13 2.80 

Total catechins 239.33±5.84 100 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Page 23 of 30 Food & Function

Fo
od

&
Fu

nc
tio

n
A

cc
ep

te
d

M
an

us
cr

ip
t



24 
 

Table 2  Effects of arthritis and green tea extract treatment on the contents of 
GSH and GSSG in liver and brain. Control and arthritic rats were treated with the 
aqueous extract of green tea (250 mg/kg) according to the experimental protocol 
described in the Materials and Methods section. The data represent the mean ± 
standard error of the mean from 5-6 animals. Values with the same superscript 
letters in the same line differ statistically from each other (p <0.05). 

 

Parameters 
 

Tissue 
Control Treated  

control 
Arthritic Treated 

arthritic 

GSH  

(nmol 
mg1) 

Liver 

Brain 

16.53±0.71a,b 

8.88±0.61a,b 

19.79±0.90b,d,e 

11.31±0.53b,d,e 

10.82±0.66a,c,d 

6.06±0.47a,c,d 

15.43±0.47c,e 

8.51±0.82c,e 

GSSG  

(nmol 
mg1) 

Liver 

Brain 

1.4±0.06a 

0.46±0.02a 

1.49±0.08c 

0.56±0.03a,b,c 

2.10±0.03a,b,c 

0.38±0.01b 

1.26±0.06b 

0.40±0.01c 

GSH + 2  
GSSG 
(nmol GSH 
units 
mg1) 

Liver 

Brain 

19.40±0.69a 

9.80±0.65a,b 

22.78±1.00c 

12.44±0.59b,d,e 

13.22±2.40a,b,c 

6.84±0.45a,c,d 

17.95±0.50b 

9.32±0.91c,e 

GSH/GSSG Liver 

Brain 

11.40±0.89a 

19.90±0.73a 

13.23±0.80c 

20.53±1.84c 

5.40±0.28a,b,c 

14.32±1.12a,b,c 

11.54± 0.29b 

21.11±2.08b 
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Table 3  Effects of arthritis and green tea extract treatment on the activity of 

antioxidant enzymes in liver and brain. Control and arthritic rats were treated 

with the aqueous extract of green tea (250 mg/ kg) according to the 

experimental protocol described in the Materials and Methods section. The data 

represent the mean ± standard error of the mean from 5-6 animals. Values with 

the same superscript letters in the same line differ statistically from each other 

(p <0.05). 

 

Parameters 
 

Tissue 
Control Treated  

control Arthritic Treated 
arthritic 

Catalase 

(µmol  
min1 mg1 

Liver 

Brain 

877.0±33.3a,c 

14.56±0.58a 

892.6±39.78d,e 

16.28±1.09c,d 

224.7±17.6a,b,d 

11.40±0.20a,b,c 

449.0±38.3b,c,e 

13.94±0.28b,d 

GR 
(nmol  
min1 mg1) 

Liver 

Brain 

35.62±2.73a 

16.98±0.46 

31.96±0.83c 

19.20±0.82b 

23.82±1.34a,b,c 

13.76±1.04a,b 

30.28±1.17b 

18.28±1.52a 

 
SOD 
(U mg1) 

Liver 

Brain 

2.4±0.14a 

1.48±0.09a 

2.24±0.02c 

1.65±0.10c 

1.66±0.05a,b,c 

1.08±0.10a, b,c 

2.00±0.17b 

1.41±0.02b 

GPx 

(nmol  
 min1 

mg1) 

Liver 

Brain 

206.6±4.6a 

26.44±1.13a 

224.0±8.0c 

27.72±1.69c 

139.8±21.3a,b,c 

19.31±0.76a,b,c 

183.2±9.4b 

23.63±0.99b 

G6PDH 

(nmol  
min1mg1) 

Liver 

Brain 

21.77±1.65a 

31.32±1.70a 

26.84±3.24c 

30.05±1.28c 

39.62±4.77a,b,c 

25.17±1.17a,b,c 

28.81±0.38b 

29.23±1.11b 
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Figure legends 
 

Fig. 1  Treatment of normal and arthritic rats with the aqueous green tea 

extract: effects on hepatic oxidative stress indicators. Freeze-clamped rat livers 

were homogenized for the assays, as described in the Materials and Methods 

section. Values represent mean ± standard error of the mean from 6 animals for 

each experimental condition.  Statistics: *p 0.05 when compared to the control 

group; #p  0.05 when compared to the arthritic group.  

 

Fig. 2  Treatment of normal and arthritic rats with the aqueous green tea 

extract: effects on oxidative stress indicators in the brain. Freeze-clamped rat 

brains were homogenized for the assays, as described in the Materials and 

Methods section. Values represent mean ± standard error of the mean from 6 

animals for each experimental condition.  Statistics: *p 0.05 when compared to 

the control group; #p  0.05 when compared to the arthritic group. 

 

Fig. 3  Treatment of normal and arthritic rats with the aqueous green tea 

extract: effects on plasmatic oxidative stress indicators and on the albumin 

concentration. The plasma samples were obtained and processed as described in 

Materials and Methods section. Values represent mean ± standard error of the 

mean of 6 animals for each experimental condition. Statistics: *p 0.05 when 

compared to the control group; #p  0.05 when compared to the arthritic group. 
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Figure 1 
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Figure 2 

 

 

 

 

 

 

 

 

 

 

C
o

n
tr

ol
 

Tr
ea

te
d

-
co

n
tr

ol
 

A
rt

hr
it

ic
 

Tr
ea

te
d

-
ar

th
ri

ti
c 

P
ro

te
in

 c
ar

bo
n

yl
 c

on
te

n
t 

(n
m

o
l p

er
 m

g 
pr

ot
ei

n
) 

N
it

ra
te

 +
 n

it
ri

te
 c

o
n

te
n

t 
(n

m
ol

 p
er

 m
g 

pr
ot

ei
n

) 

A Protein carbonyls 

C
on

tr
o

l 

Tr
ea

te
d

-
co

n
tr

ol
 

A
rt

h
ri

ti
c 

Tr
ea

te
d

-
ar

th
ri

ti
c 

D Nitrate + nitrite   

 

# 

C
on

tr
ol

 

T
re

at
ed

-
co

n
tr

ol
 

A
rt

h
ri

ti
c 

Tr
ea

te
d

-
ar

th
ri

ti
c 

TB
A

R
S

 le
ve

ls
 

(n
m

o
l p

er
 m

g 
pr

ot
ei

n
) 

C TBARS 

10 

  8 

  6 

  4 

  2 

  0 

C
on

tr
o

l 

Tr
ea

te
d

-
co

n
tr

ol
 

A
rt

hr
it

ic
 

Tr
ea

te
d

-
ar

th
ri

ti
c 

R
O

S
 c

on
te

n
t 

(n
m

ol
 p

er
 m

g 
pr

ot
ei

n
) 

B ROS 

 

 10 

  5 

15 

0 

50 

40 

30 

20 

10 

  0 

  2.0 

  1.5 

  1.0 

  0.5 

       0 

* 
# 

# 
* 

* 

Page 29 of 30 Food & Function

Fo
od

&
Fu

nc
tio

n
A

cc
ep

te
d

M
an

us
cr

ip
t



30 
 

Figure 3 
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