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Lead Induced Oxidative Stress: Beneficial Effects
of Kombucha Tea
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Objective To evaluate the effect of oral administration of Kombucha tea (K-tea) on lead
induced oxidative stress. Methods Sprague Dawiley rats were administered 1 mL of 3.8% lead
acetate solution daily alone or in combination with K-tea orally for 45 d, and the antioxidant status
and lipid peroxidation were evaluated. Results Oral administration of lead acetate to rats enhanced
lipid peroxidation and release of creatine phosphokinase and decreased levels of reduced glutathione
(GSH) and antioxidant enzymes (superoxide dismutase, SOD and glutathione peroxidase, GPx). Lead
treatment did not alter humoral immunity, but inhibited DTH response when compared to the control.
Lead administration also increased DNA fragmentation in liver. Oral administration of Kombucha tea
to rats exposed to lead decreased lipid peroxidation and DNA damage with a concomitant increase in
the reduced glutathione level and GPx activity. Kombucha tea supplementation relieved the lead
induced immunosuppression to appreciable levels. Conclusion The results suggest that K-tea has
potent antioxidant and immunomodulating properties.
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INTRODUCTION

Kombucha tea, a popular health beverage, is made by incubating Kombucha mushroom
in sweet black tea. The product is a carbonated acidic tea beverage with a slightly sweet
taste. It is consumed worldwide, especially in China, Russia and Germany. It is suggested
that Kombucha tea consumption can reduce blood pressure, relieve arthritis, increase
immune response etc. Although these effects have not been proven scientifically, abundant
knowledge and information are now surfacing as research is expanding in parallel to
increased consumption of the fermented tea. The beneficial effects of K-tea are attributed to
the presence of vitamins, amino acids, lactic acids, gluconic acid, antibiotic and variety of
micronutrients'” ?. Recently Hartmann et al.”! in their 3-year longitudinal study reported that
K-tea ingestion led to the increased survival time in mice. K-tea has been reported to possess
in vitro anti-microbial activity™ ¥ and anti-diabetic activity™ . Recently, Sai Ram et al.'®
reported the anti-oxidant activity of Kombucha tea in rats on chromate (VI) induced
oxidative stress. In view of these facts, the present study was designed to evaluate the
beneficial effects of K-tea in terms of its anti-oxidant and immunomodulating activity in
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lead induced oxidative stress.

MATERIALS AND METHODS

Preparation of Kombucha Tea

Kombucha tea was prepared as per the method described by Sai Ram et al.'’. Briefly,
10% sugar solution was prepared by boiling in a sterile conical flask and later 1 g/L black tea
powder (Brooke bond, India) was added and allowed to cool at room temperature. The tea
decoction was filtered, and cooled, and inoculum along with fungal mat (10%) and 100 mL

of previous fermentation was added and incubated at 28+1°C for 8-10 d under aseptic
conditions.

Animals

Studies were conducted on male albino (Sprague-dawley) rats weighing 170-200 g. The
animals were maintained at 22+1°C and with a 12 h light and dark cycle, with food and
water ad libitum. Rats were divided into 4 groups of 6 rats each. Group 1 served as control
and was given 1 mL of 0.9% saline per rat. Group 1I was administered | mL of fermented
tea (containing tea-fungus metabolites) per rat. Group Il was administered 1 mL of 3.8%
lead acetate solution per rat. Group IV was administered 1 mL fermented tea and 1 mL lead
acetate solution. There was a gap of 5-6 h between administration of tea and lead and all the
treatment was given for 45 d, orally with the help of gastric cannula.

Oxidative Stress

It was induced by force-feeding of lead acetate solution daily (3.8%) for 45 d. The
animals were anaesthetized and blood was collected by retro-orbital puncture and various
biochemical parameters were assessed. Reduced glutathione was estimated in blood by the
method of Kum-Talt and Tan!”. Malondialdehyde (MDA) was determined by the method of
Dousset et al.l¥!. Superoxide dismutase (SOD) and glutathione peroxidase (GPx) and CPK
activity in blood were determined as per manufacturer’s instruction using kits (RANDOX).

DTH Response

DTH response was induced as described by Atal et al”!. Separate groups of six rats
each were immunized by injecting 25 uL of 5X 107 sheep red blood cells (SRBC)/mL s.c
into the right hind foot pad. Seven days later, the thickness of the left hind foot pad was
measured using vernier calipers. Then the rats were challenged in the left hind foot pad with
25 uL of 5X10° SRBC intradermally. After 24 and 48 h of the challenge, the foot pad
thickness was measured and the difference between pre- and post challenge foot pad
thickness was taken as a measure of DTH response.

Antibody Titer

Separate groups of six rats each were injected 20 pL of 5X 107 SRBC/mL sub-
cutaneously into the right hind foot pad. After 7 d the rats were challenged with the same
number of SRBC i.d. into the left foot pad. The blood samples were collected by
retro-orbital puncture on the 14th day for determining antibody titer. Antibody levels were
determined by haemaglutination as described by Sai Ram et al"%. Briefly, 25 puL of 0.1%
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SRBC was added to 2 fold dilutions of serum samples made in saline containing 0.1% BSA
in V-bottomed Takasty microtitration plates. After being mixed, the erythrocytes were
allowed to settle down at 37°C until the control wells showed a negative pattern (small
button). The value of the highest serum dilution causing visible haemaglutination was taken
as the Ab. titer.

DNA Fragmentation

DNA fragmentation was evaluated by the method of Rao et al."l. Briefly, the excised
liver from control and treated animals were homogenized in ice cold lysis buffer pH 8.0 and
centrifuged at 27 000 g for 30 min. Both pellet (intact chromatin) and supernatant (DNA
fragments) fractions were assayed for DNA content using DAPI (4,6-diamidiono-2-
phenylindole) reagent spectrofluorimetrically''”. Briefly, 20 pL of sample was added to 2
mL of reagent, (100 ng/mL DAPI) and fluorescence intensity was measured at 450 nm with

excitation at 362 nm. The level of DNA fragmentation was expressed as percentage value!"?.

RESULTS

Oxidative Stress

The oxidative stress as measured by MDA and anti-oxidant level, induced by lead
supplementation, are shown in Fig. 1. There is no change in MDA levels in control and
K-tea alone fed groups. But lead administration significantly elevated the MDA levels
(P>0.01) over control rats. K-tea feeding significantly inhibited lead induced lipid

peroxidation.

4 [@MDA a b 50
MGSH
g 40
3 CUNND
—_ 00
- I;:;Z;I;I b 8
E T ] T 30 T
s, = £)
: e @
= 208 20
<t o
g
10
0 0

Con K-tea Pb K-tea+Pb

Fic. 1. Effect of K-tea feeding on lipid peroxidation (MDA) and reduced glutathione (GSH)
levels in lead intoxicated rats. P < 0.01: ® vs control; ® vs Pb.

The blood glutathione levels decreased significantly in the lead administered group.
However, the GSH level significantly increased in the K-tea fed group.

The activity of plasma CPK is depicted in Table 1. K-tea treatment did not alter the
enzyme level compared to the control. However, CPK activity increased significantly in the
lead treated group where as its level was restored to normal in the presence of K-tea.

Table 1 also depicts the antioxidant enzyme levels in different groups of rats. There was
no significant change in SOD across the groups studied whereas GPx activity decreased
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significantly in the lead treated group. Interestingly, the group receiving both K-tea and lead
showed a significant elevation in GPx activity when compared with the group fed with lead.

TABLE 1

Effect of K-tea on Antioxidant Enzymes and CPK Levels in Lead Intoxicated Rats

Control K-tea Pb K-tea+Pb
GPx U/mL 4331042077 44968+2492 36208°+2935 46371°+2908
SOD U/L 569+41 602+56 507+58 586451
CPK U/L 127.82+6.57 101.96+19.66 307.76°+16.82 141.70°+17.66

Note. Values are T+ s5; P<0.01: % vs control; >: vs Pb.

Immune Response

The effect of K-tea on immune response is depicted in Fig. 2. K-tea feeding enhanced
the antibody titer marginally over the control. Lead treatment did not change the humoral
response (Ab. titer), but inhibited the DTH response significantly. K-tea feeding reversed the
immunosuppressive effect of lead on DTH response significantly.
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FIG. 2. Effect of K-tea feeding on antibody titer and DTH response in lead intoxicated rats,
P< 0.01: ® vs control: ® vs Pb.

DNA Fragmentation

As seen in Fig. 3, there i1s a significant increase in DNA fragmentation in the group
treated with lead whereas K-tea inhibited the level of lead considerably, thus helping to
prevent DNA fragmentation.
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FiG. 3. Effect of K-tea on DNA fragmentation induced by Lead intoxication in liver.
P< 0.01: ® vs control; "vs Pb.

DISCUSSION

There has been wide interest in the possible benefits and toxicity of K-tea. Phan et al 14
reported lead poisoning in two individuals who consumed K-tea fermented in a ceramic pot.
Since ceramic pot contain lead while K-tea is highly acidic, it is evident that the lead has
leached into the tea resulting in lead contamination. Sadjadi'”! reported the presence of
anthrax bacillus in tea fermented in an unhygienic condition. Srinivasan et.al"® reported
gastrointestinal toxicity of K-tea in four patients. However, all such reports refer to isolated
cases and a few of persons (2-4 persons) are involved. Further, in all such cases, there is no
scientific evidence that K-tea is directly responsible for toxicity. Many reports are also
available which show therapeutic potentials of tea-fungus metabolites, but in most of such
cases medication and meditation were also given to patients simultaneously with Tea-fungus
metabolites. So there is no direct scientific proof of possible benefits or toxicity of K-tea.

A few laboratory tests were carried out by Kappa Laboratories in Miami, Florida (1995)
and they reported that the tea was fit for human consumption. FDA (1995) also conducted
microbiological tests and found no pathogenic microorganism in the tea, but warned the
tea-fungus brewers of possible contamination when proper conditions were not maintained.
Recently, Vijayaraghavan et al.!'” reported that oral administration of K-tea for 90 d to rats
did not produce any toxic effects.

Lead is a ubiquitous environmental toxin that induces a wide range of physiological,
biochemical and behavioral dysfunctions. Recent studies reported its potential for inducing
oxidative stress''S. It is also known to have some toxic effects on membrane structure and
function'?. Lead interacts with-SH groups of protein enzymes causing them to precipitate
and results in the breakdown of several enzyme systems. It is also known to create an
imbalance between THI1 (cell mediated) and TH2 activation (humoral) and result in
immunodysregulation leading to impaired cell mediated immunity (CMD™!. But, despite
the knowledge that lead can induce the oxidative stress, the usefulness of anti-oxidants in
treating lead poisoning has not been thoroughly investigated.

In the present study, we found that lead treatment enhanced lipid peroxidation and
decreased antioxidant enzyme level. In this regard, our studies fall in confirmation with
earlier studies which also reported alterations in antioxidant enzyme activities such as SOD,
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catalase and glutathione peroxidase and change in the concentration of some antioxidant
molecules such as glutathione (GSH) in lead exposed animals“'**! and workers'>?. Lead
treatment inhibited DTH response significantly while humoral immunity remained
unaffected. However, investigations of Koller and Kovacic?”! and Koller et al.'*®! show that
there is a reduction in humoral response in lead intoxicated mice.

Further, there is enhanced DNA damage level in lead intoxicated rats which could be
attributed to increased oxidative stress. Ye'™ also reported a positive correlation between
MDA and DNA damage in workers exposed to lead. Free radical mediated DNA damage is
usually accompanied by depletion of intracellular reduced glutathione whose depletion
lowers cell capacity to buffer against endogenous oxidants®”. In the present study lead
induced oxidative stress was associated with decreased activity of GPx. and GSH which in
turn resulted in the decrease in immunity. The oxidant-antioxidant balance is an important
determinant of immune cell function. Cells of immune system are particularly sensitive to
change in oxidant-antioxidant balance because of the higher percentage of polyunsaturated
fatty acids in the plasma membrane. Earlier studies also reported decreased immune
response during oxidative stress”'~“. However, K-tea treatment to lead exposed rats
decreased lipid peroxidation as evident by decrease in MDA production and CPK release
and a concomitant increase in reduced glutathione and GPx activity. The preservation of
SOD and increase in GPx activity increased the antioxidant enzymatic defence which could
be involved in ameliorative effect of K-tea on lead induced oxidative stress. Further, K-tea
feeding reversed the immunosuppressive effect of lead on DTH response.

CONCLUSION

In conclusion, K-tea is able to decrease the oxidative stress induced by lead, and
improve DTH response (cell mediated immunity) in rats. The ameliorative effect of K-tea
could be due to decreased lipid peroxidation and DNA damage and increase in the
concentration of cellular antioxidants, i.e. GSH and GPx.
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