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Summary

	 Background:	 Black tea is known to have protective effects against plasma lipid and lipoprotein oxidation, but 
its influence on lipid peroxidation in tissue has been less studied. The effect of oral black tea con-
sumption on protein oxidation has also not been demonstrated. The present study investigated 
the antioxidant effects of oral black tea consumption.

	Material/Methods:	 Male Sprague-Dawley rats were fed a regular murine chow diet. The controls were supplied with 
water ad libitum, while the black tea group received aqueous black tea extract as the sole source of 
liquids. At the end of the ten-week experimental period, intestinal brush border, liver and kidney 
reduced-glutathione concentrations were evaluated as an index of cellular antioxidant defence. 
Plasma and tissue malondialdehyde concentrations and plasma protein carbonyl content were 
measured to evaluate lipid peroxidation and protein oxidation, respectively.

	 Results:	 The plasma malondialdehyde and protein carbonyl contents of rats consuming the black tea were 
significantly less than in controls. Similarly, liver and kidney malondialdehyde concentrations were 
significantly lower in the experimental group, while jejunoileal mucosa were not affected. Ten weeks 
of black tea administration caused significantly higher reduced-glutathione levels in the kidneys 
of black tea-administered rats, and a significant negative correlation was observed between kidney 
malondialdehyde and glutathione concentrations.

	 Conclusions:	 These findings provide evidence that long term black tea supplementation is capable of protect-
ing both plasma proteins and plasma lipids from oxidative injury, and demonstrate that chronic 
black tea administration protects both liver and kidney tissues – but not the jejunoileal mucosa – 
against oxidation.
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Background

Tea (Camellia sinensis) is the second most common beverage 
in the world after water. There are two major types of tea, 
namely green tea and black tea, both of which are report-
ed to possess many beneficial health properties, including 
antipyretic, antineoplastic and antioxidant effects [1]. The 
antioxidant properties of tea extracts have been attributed 
to their content of polyphenols, which have been reported 
to inhibit oxidative processes in biological systems [1–3].

Although black tea is much more commonly consumed [4], 
studies on the antioxidant effect of tea extracts have been 
more focused on green tea. Nevertheless, studies on the 
antioxidant properties of black tea, which contains a high-
er quantity of catechin oxides, generally termed as thearu-
bigens and theaflavins, and a lower quantity of free cate-
chins, have recently been the object of scientific interest 
[5–8]. While studies on animal models and cell cultures have 
revealed that black tea has a preventive effect on oxidative 
DNA damage [9,10], in vitro studies indicate that black tea 
extracts are potent scavengers of reactive nitrogen and ox-
ygen species [8], and point to stronger antioxidative activi-
ties for black tea than a-tocopherol in the erythrocyte ghost 
system [11]. On the other hand, while various animal stud-
ies demonstrate that black tea flavonoids inhibit plasma li-
pid and lipoprotein oxidation [12,13], and describe a rap-
id increase in plasma antioxidant capacity in in vivo black 
tea administration [14], there have been discrepant reports 
suggesting that black tea may not exhibit any protective ef-
fect on plasma and liver lipid peroxidation [15,16].

Although the protective effects of black tea on plasma lip-
id and lipoprotein oxidation, DNA oxidation and plasma 
antioxidant capacity have been better investigated, studies 
examining the influence of this beverage (which is thought 
to be well absorbed via the intestinal mucosa [5,17]) on 
tissue lipid peroxidation have been fewer and less conclu-
sive [8,16,18,19]. Also, to our knowledge, the effects of 
oral black tea consumption on protein oxidation have not 
been demonstrated.

Accordingly, the present study was conducted to examine 
the possible protective effects of 10 weeks of oral black tea 
administration on plasma lipid and protein oxidation, in-
testinal brush border, liver and kidney lipid peroxidation 
and tissue reduced glutathione (GSH) concentrations, as 
an indicator of cellular antioxidant status, in rats.

Material and Methods

An aqueous black tea extract was prepared following the 
traditional Turkish method of tea preparation for human 
consumption: dry black tea leaves (Çaykur, FilizÔ) (20 g) 
were added to 1000 ml of boiling water and brewed for 10 
minutes, filtered into glass bottles and cooled before admin-
istration. The black tea extracts were renewed on alternat-
ing days during the experimental period.

Twenty male Sprague-Dawley rats, 16 weeks old (body weight 
of 260–420 g) were used, with the institutional approval of 
the Uludag University Animal Care and Use Committee. 
The animals were randomly divided into two groups: control 
(n=10) and BT (n=10). All animals were fed regular murine 

chow diet ad libitum. The controls were supplied with water 
ad libitum, while the BT group received the aqueous black 
tea extract as a sole source of potable liquid.

After 10 weeks of treatment, the animals from both groups 
were anaesthetized with diethyl ether, the abdominal wall 
was opened, and blood was collected from the heart into 
heparinized tubes. Plasma was isolated by centrifugation at 
4°C (1000 × g) for 20 min and used immediately for meas-
urements. The livers and kidneys were harvested, washed 
in ice-cold saline, dried on filter paper, and stored at –40°C 
for subsequent analyses. An approximately 10-cm jejunoile-
al segment was excised, opened longitudinally, cleaned of 
fecal material with a gentle jet of saline, and blotted dry. 
The mucosa (brush-border) was stripped off from the fresh-
ly opened intestine and homogenized in 1.15 percent cold 
KCl, and used for tissue malondialdehyde (MDA) meas-
urement on the day of the experiment. The remaining ho-
mogenate was stored at –40°C for evaluation of tissue GSH 
and protein concentrations. All biochemical assays were 
performed within 4 days of sample freezing.

As an index of plasma lipid peroxidation, plasma MDA con-
centrations were determined by measuring the thiobarbituric 
acid reactive substances according to the spectrophotomet-
ric method of Kamal et al. [20], using 1,1,3,3-tetraethoxy-
propane (Fluka, Switzerland) as the external standard, and 
expressed as nanomole MDA per millilitre plasma. Plasma 
protein carbonyl content (PCC) was determined to evaluate 
protein oxidation as described by Reznick et al. [21], and 
was expressed as nanomole carbonyls per mg protein. Tissue 
MDA and GSH levels were evaluated according to the meth-
ods of Ohkava et al. [22] and Sedlak et al. [23], respectively, 
and were expressed in terms of tissue protein content, meas-
ured according to the method of Lowry et al. [24].

The Mann-Whitney U test was used to test the differenc-
es in values between the two groups. Linear curve estima-
tion regression analysis was used to calculate regression be-
tween tissue MDA and GSH values. The significance level 
was set at p<0.05. The data presented in figures are means 
(±SD), with n=10.

Results

The body weights of the rats in the control and BT groups 
were statistically similar at the beginning (301±43 g and 
336±44 g, respectively) and at the end (389±26 g and 372±25 
g, respectively) of the experimental period. Significant 
weight gains were recorded for both control (p<0.001) and 
BT (p<0.05) groups at the end of ten weeks. Plasma MDA 
concentrations and plasma PCC were significantly less in the 
BT group compared to the controls (p<0.001 and p<0.05, 
respectively) (Figure 1) While liver and kidney MDA con-
centrations were found to be significantly lower in the BT 
group (p<0.01 and p<0.001, respectively), brush-border 
MDA concentrations did not exhibit any statistically signif-
icant difference between groups (Figure 2).

Tissue GSH concentrations in the control and BT groups 
are shown in Figure 3. Ten weeks of black tea administra-
tion caused significantly higher GSH concentrations in the 
kidneys of the BT group (p<0.001); however, brush-border 
and liver tissue GSH contents did not differ. Kidney GSH 
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and MDA concentrations were found to be significantly cor-
related (r=–0.815; p<0.001) (Figure 4).

Discussion

The results of the present study indicate that black tea ex-
tract administration for 10 weeks protects rat plasma from 
lipid peroxidation (Figure 1). Previous reports regarding 
the effects of black tea on plasma lipid and lipoprotein ox-
idation indices in various animal and human models sup-
port the findings of our study [12,13]. However, using a 
similar experimental design and methods, Cherubini et al. 
[15] and Da Silva et al. [12] reported contradictory results 
on the protective effect of black tea extracts on plasma li-
pid peroxidation, the former stating that black tea admin-
istration did not increase the resistance of plasma to lipid 
peroxidation. The authors [15] suggested that the discrep-
ancy between the two studies was due to the different doses 
of the extracts used, and stated that the dose in the study 
by Da Silva et al. [12] cannot be achieved in humans by tea 
drinking. The black tea extracts used in the present model 
were prepared in the traditional way of Turkish tea prepa-
ration for human consumption, and administered chroni-
cally, contrary to the single dose administration applied by 

Cherubini et al. [15]. Therefore, we suggest that the dura-
tion of consumption may be as important for the antioxi-
dant effect of black tea as the dose administered.

The significantly lower levels of PCC observed in BT group 
in the present study show that black tea administration is as 
efficient in protecting plasma proteins from oxidation as in 
protecting plasma lipids. To our knowledge, the influence of 
black tea on protein oxidation is not documented in the lit-
erature, and this is the first report showing the antioxidant 
effect of black tea on plasma protein oxidation (Figure 1). 
The fact that black tea improves plasma antioxidant capacity 
has been documented by several authors: Serafini et al. [14] 
have shown that black tea supplementation significantly im-
proves plasma antioxidant capacity, and Da Silva et al. [12] 
found that black tea supplementation delays a-tocopherol 
depletion in Cu-oxidized plasma. The significantly lower lev-
els of plasma PCC and MDA observed in the present model 
suggest that, either by directly protecting plasma lipids and 
proteins from oxidation or by improving the existing anti-
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Figure 1. �Plasma malondialdehyde (MDA) concentrations and protein 
carbonyl contents (PCC) in the control and black tea (BT) 
groups. * p<0.05 and *** p<0.001, compared to controls.
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Figure 2. �Kidney, liver and brush-border tissue malondialdehyde 
(MDA) concentrations in the control and black tea (BT) 
groups. ** p<0.01 and *** p<0.001, compared to controls.
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Figure 3. �Kidney, liver and brush-border tissue glutathion (GSH) 
concentrations in the control and black tea (BT) groups. 
*** p<0.001, compared to controls.
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Figure 4. �Relationship between kidney glutathion (GSH) and 
malondialdehyde (MDA) concentrations.
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oxidant defenses in plasma, chronic black tea administration 
exerts an antioxidant effect on plasma molecules.

Since black tea is reported to be absorbed via the gastroin-
testinal tract and function in circulation [25], we plan to ex-
amine its possible antioxidant effects on tissue lipid perox-
idation and tissue antioxidant defense systems in the same 
animal model. GSH is one of the main parts of the cellu-
lar endogenous antioxidant system. It exerts its antioxidant 
function by donating electrons to radicals and changing 
to its oxidized form, which is subsequently reduced by the 
enzyme glutathione reductase [26]. In the present study, 
kidney, liver and jejunoileal brush-border MDA levels and 
their relation to tissue GSH concentrations were examined. 
According to the results, black tea administration signifi-
cantly protected kidney and liver tissues from lipid peroxi-
dation (Figure 2). The results of recent work by Sava et al. 
[7] demonstrating the liver-protecting activity of melanin-
like pigment derived from black tea, are in line with our 
findings. Ghiselli et al. [25] have stated that polyphenols 
from the tea extracts are absorbed in the higher regions of 
the gastrointestinal tract, probably starting from the stom-
ach. The reason why jejunoileal mucosa were not protected 
in the present model may be the earlier absorption of the 
antioxidant molecules of tea extract from the alimentary ca-
nal, before they reached the site examined. Further studies 
examining the effects of black tea on each level of the gas-
trointestinal tract will better illuminate this topic.

Significantly higher GSH concentrations were detected only 
in kidney tissues after the experimental period (Figure 3). In 
addition, the significant negative correlation observed between 
kidney MDA and GSH levels (Figure 4) suggests that the im-
provement of the GSH defense system by chronic black tea 
supplementation is efficient in protecting this tissue against 
lipid peroxidation. The higher levels of GSH measured in kid-
ney tissues may be either because of the induction of GSH syn-
thesis or slower oxidation of GSH molecules. Liver and brush 
border GSH concentrations in the BT group were not differ-
ent from those of the controls (in accordance with published 
data [27]). This could be interpreted as kidney tissue being 
better protected by black tea; however, further studies on the 
metabolism of black tea flavonoids, their absorption and ex-
cretion, and their influence on the GSH system should be con-
ducted to make a precise judgment on this matter.

Conclusions

In conclusion, the present study provides evidence that 
long term black tea supplementation is capable of protect-
ing both plasma proteins and plasma lipids from oxidative 
injury. Also, based on the present model, we suggest that 
chronic black tea administration protects both liver and kid-
ney tissues – but not the jejunoileal mucosa – against oxida-
tion. Further studies examining the changes in tissue protein 
oxidation and black tea flavonoid concentrations in plasma 
and tissues are needed to better define the cellular mech-
anisms underlying the antioxidant effects of this beverage.
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