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Hepatoprotective properties of kombucha tea against TBHP-induced
oxidative stress via suppression of mitochondria dependent apoptosis

Semantee Bhattacharya a, Ratan Gachhui a, Parames C. Sil b,∗
a Department of Life Sciences & Biotechnology, Jadavpur University, 188 Raja S C Mullick Road, Kolkata 700032, India

b Division of Molecular Medicine, Bose Institute, P-1/12, CIT Scheme VII M, Kolkata 700054, West Bengal, India

Received 30 December 2010; accepted 6 February 2011

bstract

Kombucha, a fermented tea (KT) is claimed to possess many beneficial properties. Recent studies have suggested that KT prevents
aracetamol and carbon tetrachloride-induced hepatotoxicity. We investigated the beneficial role of KT was against tertiary butyl hydroperoxide
TBHP) induced cytotoxicity and cell death in murine hepatocytes. TBHP is a well known reactive oxygen species (ROS) inducer, and it
nduces oxidative stress in organ pathophysiology. In our experiments, TBHP caused a reduction in cell viability, enhanced the membrane
eakage and disturbed the intra-cellular antioxidant machineries while simultaneous treatment of the cells with KT and this ROS inducer

aintained membrane integrity and prevented the alterations in the cellular antioxidant status. These findings led us to explore the detailed
olecular mechanisms involved in the protective effect of KT. TBHP introduced apoptosis as the primary phenomena of cell death as evidenced

y flow cytometric analyses. In addition, ROS generation, changes in the mitochondrial membrane potential, cytochrome c release, activation
f caspases (3 and 9) and Apaf-1 were detected confirming involvement of mitochondrial pathway in this pathophysiology. Simultaneous
reatment of KT with TBHP, on the other hand, protected the cells against oxidative injury and maintained their normal physiology.

In conclusion, KT was found to modulate the oxidative stress induced apoptosis in murine hepatocytes probably due to its antioxidant

ctivity and functioning via mitochondria dependent pathways and could be beneficial against liver diseases, where oxidative stress is known
o play a crucial role.

2011 Elsevier Ireland Ltd. All rights reserved.

eywords: Tertiary butyl hydroperoxide; Reactive oxygen species; Murine hepatocytes; Cyto-toxicity and apoptosis; Kombucha tea; Antioxidant and cytopro-
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. Introduction
Kombucha, a fermented tea (KT) is generated by a con-
ortium of yeast and bacteria. A jelly-like membrane floats
n the nutrient solution of tea and sugar exposed to oxygen.

Abbreviations: KT, kombucha tea; TBHP, tertiary butyl hydroper-
xide; DMEM, Dulbecco’s modified eagle’s medium; DMSO, dimethyl
ulphoxide; DPPH, 2,2-diphenyl-1-picrylhydrazyl; FRAP, ferric reduc-
ng/antioxidant power; MDA, malonaldehyde; NADH, nicotinamide
denine dinucleotide reduced disodium salt; NBT, nitro blue tetrazolium
hloride; PMT, phenazine methosulphate; ROS, reactive oxygen species;
aN3, sodium azide; TBA, thiobarbituric acid; TBARS, thiobarbituric acid

eactive substances; TCA, trichloroacetic acid.
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t the right temperature, it multiplies continuously. At first
t spreads over the entire surface of the tea, and then thick-
ns. KT was subcultured every 7–14 days by mixing 10%
f old soup with 10% sucrose dissolved in brewed black
ea [1]. KT contains many different cultures along with sev-
ral organic acids, active enzymes, amino acids, polyphenols,
nd other compounds formed during the fermentation [2].
his tea is claimed to have many beneficial effects as it pos-
esses antioxidant and anti-microbial activities [3,4]. Recent
tudies have suggested that KT prevents paracetamol and car-
on tetrachloride-induced hepatotoxicity [5,6] and chromate
VI)-induced oxidative stress in albino rats [7].
Although therapeutic benefits have been attributed to
his tea, some side effects of KT have also been reported.
rinivasan et al. [8] reported some complications in four
atients consuming KT. However, they could not explain the
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echanism of its side effects as they were not sure about
hether the complications were because of KT or any con-

aminant present in its home-brewed version. Moreover,
he FDA, surveying commercial producers, has found no
athogenic bacteria or hygiene violations [9] in KT.

TBHP is an organic hydroperoxidant that can be metabo-
ized to free radical intermediates and by exposing primary
ultures of murine hepatocytes to TBHP it is possible to
imic several aspects related to liver pathology character-

zed by increased lipid peroxidation and cytotoxicity due to
xidative stress [10]. TBHP has been shown to induce cell
eath in a variety of cells via apoptosis [11,12]. Decreased
SH and increased MDA level contribute to the loss of mito-

hondrial membrane potential which is directly associated
ith apoptosis.
Although the hepatoprotective property of KT has been

tudied by a number of researchers [5,6], the mode of its
rotective action in TBHP-induced pathophysiology is yet
o be studied. In the present study we aimed to investigate
he beneficial role of KT against TBHP induced oxidative
amage and cell death in mouse hepatocytes. The molecular
echanisms underlying the protective action of KT were also

ssessed by evaluating mitochondrial membrane potential,
lterations of the Bcl-2 family proteins, cytosolic cytochrome
, activities of Apaf-1, caspase-9 and caspase-3.

. Materials and methods

.1. Animals

Male adult albino mice of Swiss strain, weighing between
0 and 25 g were acclimatized under laboratory condition
or a fortnight before starting experiments. The animals were
aintained on a standard diet and water ad libitum. They
ere housed in polypropylene cages and exposed to 10–12 h
f daylight under standard conditions of temperature (30 ◦C)
nd humidity (50%). All studies were performed in confor-
ity with the Guidance for Care and Standard Experimental
nimals Study Ethical Protocols.

.2. Chemicals

Black tea was purchased from market. Collagenase type
, Dulbecco’s modified eagle’s medium (DMEM), fetal
ovine sera (FBS), bovine serum albumin (BSA) and Brad-
ord reagent were purchased from Sigma–Aldrich Chemical
ompany (St. Louis, MO, USA). Folin-Ciocalteu reagent,
allic acid, quercetin, aluminium chloride, potassium acetate,
cetic acid, gluconic acid, 2,2-diphenyl-1-picrylhydrazyl
DPPH), isobutyl methyl ketone (IBMK), nicotinamide
denine dinucleotide reduced (NADH), nitro blue tetra-

olium (NBT), phenazine methosulphate (PMT), potassium
ihydrogen phosphate (KH2PO4), sodium dihydrogen phos-
hate (NaH2PO4), tertiary butyl hydrogen peroxide (TBHP),
odium pyrophosphate, trichloro acetic acid (TCA), thio-
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arbituric acid (TBA), Tris buffer, l-ascorbic acid, butanol,
thanol and other reagents were bought from Sisco Research
aboratory, India. The antibodies were purchased from
igma–Aldrich Chemical Co.

.3. Preparation of kombucha tea

Eight grams of black tea was added to 300 ml water and
llowed to boil for 5 min. Then it was filtered through a sterile
ieve and cooled to room temperature. It was then adjusted
o 1600 ml with water. Ten percent (w/v) sucrose was added
o it. The cooled tea was poured into 3 l glass beaker that has
een previously sterilized at 121 ◦C for 20 min. It was then
noculated with freshly grown kombucha mat that had been
ultured in the same medium for 14 days and 10% (v/v) of
reviously fermented liquid tea broth. The beaker was cov-
red with clean cheese cloth and fixed with rubber bands.
he fermentation was carried out under room temperature

25 ◦C) for 21 days. New kombucha mat developed over the
other culture. Sampling was performed periodically (for

ays 3, 5, 7, 10, 14, 17 and 21) for determination of total
henolic compounds and flavonoids. The fermented tea was
entrifuged at 10,000 rpm for 15 min and the supernatant was
aken for the analysis. Finally the kombucha tea fermented
or 14 days was selected and neutralized (pH 6.9). This was
hen lyophilized to powdered form and used further for the
nvestigation against TBHP induced cytotoxicity of murine
epatocytes.

.4. Determination of total phenolic compounds and
avonoids

The total phenolic compounds were measured by Folin-
iocalteu method [13]. 100 �l of kombucha tea was mixed
ith 0.2 ml of Folin-Ciocalteu reagent, 2 ml of purified water

nd 1 ml of 15% Na2CO3. The mixture was incubated for
h at room temperature (25 ◦C) and then the absorbance was
easured at 765 nm. Gallic acid was used as a standard and

he total phenolic compounds were expressed as gallic acid
quivalents (GAE).

Flavonoid content was determined by the following calori-
etric method [14]. 0.5 ml solution of KT was mixed with

.5 ml methanol, 0.1 ml of 10% aluminium chloride, 0.1 ml
f 1 M potassium acetate, and 2.8 ml of distilled water,
nd incubated at room temperature (25 ◦C) for 30 min. The
bsorbance of the reaction mixture was measured at 415 nm.
uercetin was used as standard and the flavonoid content was

xpressed as quercetin equivalents.

.5. Composition of kombucha tea

.5.1. Analysis of organic acids

The major organic acids were determined by high perfor-

ance liquid chromatography (HPLC). The tea broth samples
ere filtered through 0.22 �m sterile microfilter and 20 �l
f filtrate was injected into the HPLC system. Phenomenex



hophys

L
t
d
a
m
2
c
c
c

2

u
e
(
fl
a
a

2

g
o
a
f
m
a
4
a
m
1
t
w
3
s
a
e
c
t

T

T

M
d
p

2
s

2

D
D
s
5

s
T
m
c
v

P

A
t

2

i
s
h
s
o
f
f
a

2

s
T
7
m
c
i
w
i

2

l
d
w
b
K
c
0
s
m
5
m
s
p
a

2

S. Bhattacharya et al. / Pat

una C-18 column (4.6 mm ID × 25 cm, 5 �m) was used for
he analysis. The mobile phase was 20 mM potassium dihy-
rogen phosphate, pH 2.4 with a flow rate of 1.0 ml/min
nd running time of 40 min. The column temperature was
aintained at 28 ◦C and the detection was carried out at

20 nm. The resolution peaks were recorded on the HPLC
hart according to the retention time of each compound. The
oncentrations of organic acids were quantified from standard
urves.

.5.2. Analysis of d-saccharic acid-1,4 lactone
DSL was determined in KT by HPLC analysis

sing a C18 column (8 nm × 10 cm). The column was
luted with a mobile phase of 40 mmol/l borax buffer
Na2B4O7–KH2PO4), pH 6.5 and 15% methanol (v/v) at a
ow rate of 1 ml/min and the elution profile was monitored
t 190 nm. Standard DSL was run under the same conditions
nd its elution pattern was compared with that of KT.

.5.3. Analysis of black tea polyphenols
The main black tea polyphenols theaflavin and thearubi-

ins were estimated in fermented tea broth by the method
f Takeo and Oosawa [15] as modified by Ramaswamy [16]
nd Thanaraj and Seshadri [17]. Twenty five milliliters of
ermented tea broth was extracted with 25 ml of isobutyl
ethyl ketone (IBMK) at room temperature. After phase sep-

ration, 1 ml of upper IBMK phase was mixed with 9 ml of
5% ethanol and absorbance was measured at 380 nm (A)
nd the aqueous phase was retained for thearubigins esti-
ation. Ten milliliters of IBMK phase was extracted with

0 ml of 2.5% disodium hydrogen phosphate. After extrac-
ion and phase separation, 1 ml of IBMK phase was mixed
ith 9 ml of 45% ethanol and absorbance was measured at
80 nm (B). Ten milliliters of aqueous phase from the first
tep was extracted with 10 ml of n-butanol. After phase sep-
ration, 1 ml of n-butanol layer was mixed with 9 ml of 45%
thanol and absorbance was measured at 380 nm (C). Con-
entration of theaflavin and thearubigin was calculated from
he absorbance values as given below:

F (%) = 4.313 × B

R (%) = 13.643 (A + C − B)

ultiplication factors for calculation of TF and TR were
erived from molar extinction coefficients of pure com-
ounds and dilution factors [18].

.6. Antioxidant activity of kombucha tea in cell free
ystem

.6.1. DPPH radical quenching activity
The antioxidant activity of KT was measured using the
PPH radical as described by Blois [19]. Two milliliters of
PPH solutions (125 �M) in methanol and 2 ml of tested

amples with different concentrations (2, 5, 10, 20, 30, 40,
0, 60, 70 and 80 �g) of KT were mixed in the tubes. The

T

m
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olution was shaken and incubated at 37 ◦C for 30 min in dark.
he decrease in absorbance at 517 nm was measured against
ethanol blank using a UV/visible spectrophotometer. Per-

ent inhibition was calculated by comparing the absorbance
alues of control and the sample:

ercentage inhibition = A1 − A2

A1
× 100

1 is the absorbance of the blank and A2 is the absorbance in
he presence of KT.

.6.2. Hydroxyl radical scavenging activity
The hydroxyl radical scavenging activity of KT has been

nvestigated following the method of Nash [20] using the
ame concentrations of KT as mentioned above. In vitro
ydroxyl radicals were generated by Fe3+/ascorbic acid
ystem. The detection of hydroxyl radicals was carried
ut by measuring the amount of formaldehyde produced
rom the oxidation of dimethyl sulphoxide (DMSO). The
ormaldehyde produced was detected spectrophotometrically
t 412 nm.

.6.3. Superoxide radical scavenging activity
The superoxide radical scavenging activity was mea-

ured following the method of Siddhuraju and Becker [21].
he reaction mixture contained 0.1 M phosphate buffer, pH
.4, 150 �M nitroblue tetrazolium (NBT), 60 �M phenazine
ethosulphate (PMT), 468 �M NADH and different con-

entrations of KT (as mentioned earlier). The mixture was
ncubated in the dark for 10 min at 25 ◦C and the absorbance
as read at 560 nm. Results were expressed as percentage

nhibition of the superoxide radicals.

.7. Hepatocyte isolation

For the present study, hepatocytes were aseptically iso-
ated from mice livers following the modified method as
escribed previously by Sarkar and Sil [22]. Briefly, the livers
ere isolated under aseptic conditions, placed in phosphate
uffer saline, irrigated in buffer A (10 mM HEPES, 3 mM
Cl, 130 mM NaCl, 1 mM NaH2PO4–H2O and 10 mM glu-

ose, pH 7.4) and then incubated in buffer B (5 mM CaCl2,
.03% collagenase type I) for about 45 min at 37 ◦C. The tis-
ue was passed through wide bore syringe and 80 �m decron
esh respectively. The dissociated cells were centrifuged at

00 × g and the pellet was suspended in Dulbecco’s mini-
al essential medium (DMEM) containing 10% fetal calf

erum and 5 �g/ml insulin, 5 �M hydrocortisone, 100 U/ml
enicillin and 100 �g/ml streptomycin. The suspension was
djusted to obtain ∼2 × 106 cells/ml.

.8. Determination of time and dose-dependent effect of

BHP by FRAP assay

Time and dose-dependent effect of TBHP was deter-
ined by FRAP assay [23]. Briefly, for dose-dependent study,
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ight different sets of hepatocytes, each containing about
× 106 cells were incubated with eight different doses of
BHP (50, 100, 200, 300, 400, 500, 600 and 700 �M) for
80 min to determine the maximum damage caused by TBHP
reatment. For time-dependent study, six different sets of
epatocytes (1 ml cell suspension ∼2 × 106 in each) were
xposed to TBHP (500 �M) for different times (30 min,
h, 1.5 h, 2 h, 2.5 h and 3 h). Briefly, after performing the
xperiments (as described in Section 2.10) 50 �l of hepa-
ocytes (normal as well as experimental cells) suspension
as added to 1.5 ml freshly prepared and pre-warmed (37 ◦C)
RAP reagent (300 mM acetate buffer, pH 3.6, 10 mM TPTZ

n 40 mM HCl and 20 mM FeCl3·6H2O in the ratio of
0:1:1) and incubated at 37 ◦C for 10 min. The absorbance
f the sample was read against reagent blank (1.5 ml FRAP
eagent + 50 �l distilled water) at 593 nm.

.9. Assessment of dose and time dependent activity of
T by FRAP assay

To determine the optimum dose of KT needed for the
ytoprotection against TBHP-induced cyto-pathophysiology,
ix different sets of hepatocytes, each containing about
× 106 cells were exposed to 500 �M TBHP along with KT

10, 20, 40, 60, 80 and 100 �g) for 2 h. For time-dependent
tudy, six different sets of hepatocytes (1 ml cell suspension
2 × 106 in each) were incubated with KT (60 �g) for dif-

erent times (30 min, 1 h, 1.5 h, 2 h, 2.5 h and 3 h). The FRAP
evel was then determined in both the normal and experimen-
al cells as described above.

.10. Experimental setup

Based on the results of the dose and time dependent effects
f both TBHP and KT, we designed the in vitro experiments
ith different sets of hepatocytes containing 1 ml suspen-

ion (∼2 × 106 cells) in each. Cells were incubated in a
O2 incubator at 37 ◦C throughout the experiment with gen-

le shaking. The hepatocytes kept in culture medium only,
erved as normal control (marked as “Cont”). Hepatocytes
∼2 × 106 cells) incubated with KT (60 �g) alone for 2 h
erved as a group showing the effect of KT on hepatocytes
marked as “KT”). Hepatocytes (∼2 × 106 cells) incubated
ith 500 �M TBHP for 2 h served as toxin control (marked

s “TBHP”). The combined effect of KT and TBHP was
tudied by incubating the cells with these agents together for
h (marked as “TBHP + KT”). Positive control cells were
repared by incubating hepatocytes with vitamin C (100 �g)
nstead of KT (marked as “TBHP + VitC”). For all the sub-
equent experiments (results, figures, tables, etc.) the above
otations would be used if not mentioned otherwise.
.11. Determination of cell viability by MTT assay

MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetra-
olium bromide] assay is based on the ability of viable

m
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ells to reduce MTT from a yellow water-soluble dye to
dark blue insoluble formazan product. After appropriate

xperimental procedure as described earlier, the resulting
ells were rinsed and incubated with 0.5% FBS–DMEM
edium containing MTT (5 mg/ml) for 4 h. At the end

f the incubation period the medium was removed and
he converted dye was solublized with DMSO (0.3 ml).
bsorbance was measured at 570/620 nm and cell viability
as expressed as a percentage of the corresponding control

s described by Madesh and Balasubramanian [24].

.12. Determination of ALT and LDH leakage

The leakage of the enzymes, ALT and LDH is associated
ith cell viability and is considered as an important indicator
f cellular membrane damage. After appropriate experimen-
al procedure as described earlier, hepatocyte suspensions
ere centrifuged at 60 × g. The leakage of ALT and LDH

secreted outside the cells) was determined from the super-
atant using a kit and following the methods of Sinha et al.
23].

.13. Determination of protein content

The protein content was measured by the method of Brad-
ord [25] using crystalline BSA as standard.

.14. Measurement of intracellular ROS production

ROS levels were determined using 2,7-
ichlorofluorescein diacetate (DCFHDA), following
he method of Manna et al. [26]. This is then de-estrified
o 2,7-dichlorodihydrofluorescein (DCFH2) by cellular
sterases. This DCFH2 is further oxidized to DCF by ROS
nd increase in fluorescence intensity is used to quantify
he generation of intracellular ROS. After performing the
xperiments (as described in Section 2.10) hepatocytes were
ncubated with the assay media (20 mM Tris–HCl, 130 mM
Cl, 5 mM MgCl2, 20 mM NaH2PO4, 30 mM glucose

nd 5 �M DCFDA) at 37 ◦C for 15 min. The formation of
CF was measured at the excitation wavelength of 488 nm

nd emission wavelength of 510 nm for 10 min by using
uorescence spectrometer (HITACHI, Model No F4500)
quipped with a FITC filter.

.15. Estimation of lipid peroxidation end products

Lipid peroxidation in all the experimental sets (as
escribed in Section 2.10) was assessed by a colorimet-
ic reaction with thiobarbituric acid (TBA) as described by
inha et al. [23]. Briefly, hepatocytes were treated with
BA (0.67%) and then with TCA (20%) solutions. The

ixture was heated for 30 min at 100 ◦C. The precipitate
as removed by centrifugation and absorbance of thiobarbi-

uric acid reactive substance (TBARS) formed was measured
t 532 nm. TBARS concentration of the samples was cal-
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ulated using the extinction coefficient of MDA which is
.56 × 105 M−1 cm−1 (since 99% of TBARS exists as MDA).
ll the experiments were done in triplicates under the same

onditions.

.16. Determination of GSH level

Glutathione (GSH) levels in all the experimental sets of
epatocytes were measured according to the method of Sinha
t al. [23]. Hepatocyte suspension (720 �l) was double diluted
nd 5% TCA was added to precipitate the protein content of
he suspension. After centrifugation (at 10,000 × g for 5 min)
he supernatant was taken, DTNB solution (Ellman’s reagent)
as added to it and the absorbance was measured at 412 nm.

standard curve was drawn using different known concen-

rations of GSH solution. With the help of this standard curve,
SH contents were calculated.
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.17. Determination of SOD activity

SOD activity was measured following the method of Sinha
t al. [23]. The hepatocyte suspension containing 5 �g pro-
ein was mixed with sodium pyrophosphate buffer, PMT and
BT. The reaction was started by the addition of NADH.
eaction mixture was then incubated at 30 ◦C for 90 s and

topped by the addition of 1 ml of glacial acetic acid. The
bsorbance was measured at 560 nm. One unit of SOD activ-
ty is defined as the enzyme concentration required inhibiting
hromogen production by 50% in 1 min under the assay con-
itions.

.18. Detection of the nature of cell death by flow
ytometry (FACS)

Dual parameter FACS analysis allows for the discrimi-
ation between viable, apoptotic and necrotic cells. After
ppropriate treatments (as described in Section 2.10), hep-
tocytes were washed with PBS, centrifuged at 800 × g for
min, resuspended in ice-cold 70% ethanol/PBS, centrifuged
t 800 × g for a further 6 min, and resuspended in PBS. Cells
ere then incubated with PI and FITC-labelled Annexin V for
0 min at 37 ◦C. Excess PI and Annexin V were then washed
ff; cells were fixed and then stained cells were analyzed
y flow cytometry using FACS Calibur (Becton Dickinson,
ountain View, CA) equipped with 488 nm argon laser light

ource; 515 nm band pass filter for FITC-fluorescence and
23 nm band pass filter for PI-fluorescence using Cell Quest
oftware. A dot plot of PI-fluorescence (y-axis) versus FITC-
uorescence (x-axis) has been prepared.

.19. Determination of mitochondrial membrane
otential (�Ψm)

Mitochondrial membrane potential (�Ψm) was estimated
n the basis of cell retention of the fluorescent cationic
robe rhodamine 123 [26]. Briefly, the mitochondrial sus-
ension was incubated with 1 �M rhodamine 123 for 10 min,
entrifuged at 50 × g for 5 min at 4 ◦C, washed and resus-
ended in 1 ml of 0.1% Triton X-100. After centrifugation
t 2000 × g for 5 min, fluorescence of rhodamine 123 was
etermined using BD-LSR flow cytometer. Cell debris, char-
cterized by a low FSC/SSC was excluded from analysis. The
ata was analyzed by Cell Quest software. In this assay car-
onyl cyanide m-chlorophenyl hydrazone (CCCP) was used
s a positive control.

.20. Western blot analysis

For western blot analysis, the samples containing 50 �g
roteins were subjected to 10% SDS–PAGE and transferred

o a nitrocellulose membrane. Membranes were blocked
t room temperature for 2 h in blocking buffer containing
% nonfat dry milk to prevent nonspecific binding. The
embrane was then incubated in (anti-Bcl-2, anti-Bax, anti-
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Fig. 2. Reverse phase HPLC analysis of KT. Peak 1: gluconic acid; peak 2: acetic acid; peak 3: d-saccharic acid 1,4-lactone (respective standard given below).
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Major components of KT.

Serial no. Component Concentration

1 Acetic acid (mg/ml) 13.43 ± 0.6
2 Gluconic acid (mg/ml) 6.45 ± 0.3
3
4
5

p
f
s
c

3

i
t
c
o
p
o
p
p
a
t
d
a
(
g
o

S. Bhattacharya et al. / Pat

ytochrome c (1:1000 dilution), anti-caspase-9, anti-Apaf-1
1:500 dilution) and anti-caspase-3 (1:100 dilution)) pri-
ary antibodies separately at 4 ◦C overnight under mild

ocking condition. The membranes were washed in TBST
50 mM Tris–HCl, pH 7.6, 150 mM NaCl, 0.1% Tween
0) for 30 min and incubated with appropriate HRP conju-
ated secondary antibody (1:2000 dilution) for 2 h at room
emperature (25 ◦C) and developed by the HRP substrate
,3′-diaminobenzidine tetrahydrochloride (DAB) system.

.21. Statistical analysis

All the values are expressed as mean ± SD (n = 6). Signif-
cant differences between the groups were determined with
PSS 10.0 software (SPSS Inc., Chicago, IL, USA) for Win-
ows using one-way analysis of variance (ANOVA) and the
roup means were compared by Duncan’s Multiple Range
est (DMRT). A difference was considered significant at the
< 0.05 level.

. Results

.1. Time-dependent compositions of the total phenolic
ompounds and flavonoids in KT

Changes in concentration of phenolic compounds and
avonoids in KT during the course of fermentation were
hown in Fig. 1A and B, respectively. From the results it is
lear that the concentrations of total phenolic compounds and
avonoids increased progressively and linearly up to day 14

robably because the enzymes liberated by the bacteria and
east during fermentation degrade the complex polyphenols
o small molecules and that in turn results in the increase of
otal phenolic compounds and flavonoids. As phenolic com-

100806040200

0

20

40

60

80

100

*

*

*

 (DPPH scavenging activity)

 (OH
.
 scavenging activity)

 (O
2

-
 scavenging activity)

%
 I

n
h

ib
it

io
n

 o
f 

ra
d

ic
a
l 

fo
rm

a
ti

o
n

Concentration of KT (µg)

ig. 3. Free radical scavenging activities of KT in cell free system. Values
re represented as the mean of six different experiments in each set. Data
epresent the average ± SD of six separate experiments. “*” sign indicates
he optimum dose of KT at which it shows its significant radical scavenging
ctivity.

3

K
K
o
s
(
s
T
i
q

3
a

t
d
a
a
t
h

Theaflavins (%) 0.175 ± 0.01
Thearubigins (%) 1.98 ± 0.095
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ounds and flavonoids are potent antioxidants, KT fermented
or 14 days, was used for all the experiments in the present
tudy because of the presence of maximum level of these
ompounds.

.2. Composition of kombucha tea

The chemical composition of KT has been widely stud-
ed by a number of investigators based on their needs. But
he results varied widely because of the different microbial
omposition arose due to varying time length and the source
f kombucha mat used for fermentation. So, to have a clear
icture of the responsible antioxidant active ingredients in
ur preparation of KT, we analyzed our experimental sam-
les using HPLC and observed that the main organic acids
resent in kombucha tea (fermented for 14 days) were acetic
cid and gluconic acid. In addition, the black tea polyphenols,
heaflavins and thearubigins were also found to be present as
etermined by the analytical techniques described above. In
ddition d-saccharic acid 1,4-lactone was also detected in KT
Fig. 2 and Table 1). Generally tea polyphenols, organic acids,
lucose, fructose, and ethanol were the primary constituents
f KT and that is in good agreement with our analysis.

.3. Radical scavenging activity of KT in cell free system

To begin with the evaluation of the antioxidant nature of
T, we looked for the free radical scavenging activities of
T in cell free systems. The inhibition for the production
f free radicals (DPPH, super oxide, hydroxyl), in cell free
ystem was carried out using different concentrations of KT
Fig. 3). Results suggest that KT shows its maximum radical
cavenging property when used at a concentration of 60 �g.
hus, it can be anticipated that KT possesses potent free rad-

cal scavenging activity and could be used as a free radical
uencher.

.4. Dose and time dependent effects of KT by FRAP
ssay

Dose and time dependent effects of KT against TBHP
oxicity has been represented in Fig. 4. TBHP exposure
ecreased the intracellular ferric reducing antioxidant power

nd that could be well inhibited by the treatment with KT
t dose of 60 �g incubated for 2 h. Therefore, these were
he selected dose and time of KT for treating the murine
epatocytes.
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Fig. 4. (A) Time and dose-dependent effect of the TBHP on intracellular antioxidant power of the hepatocytes. Values are expressed as percent over control.
Cont: antioxidant power in normal hepatocytes; TBHP-0.5hr, TBHP-1hr, TBHP-1.5hr, TBHP-2hr, TBHP-2.5hr, TBHP-3hr: antioxidant power in TBHP-treated
hepatocytes for the respective time at a dose of 500 �M; TBHP-50 �M, TBHP-100 �M, TBHP-200 �M, TBHP-300 �M, TBHP-400 �M, TBHP-500 �M,
TBHP-600 �M: antioxidant power in TBHP-treated hepatocytes at the respective doses for 2 h. Data are mean ± SD, for six sets of experiments per group. “a”
values indicate significant differences between normal control and TBHP treated groups (pa < 0.05). (B) Time and dose-dependent effect of KT on intracellular
antioxidant power of the TBHP-exposed hepatocytes. Values are expressed as percent over control. Cont: antioxidant power in normal hepatocytes; TBHP:
antioxidant power in TBHP-treated hepatocytes; TBHP + KT-0.5hr, TBHP + KT-1hr, TBHP + KT-1.5hr, TBHP + KT-2hr, TBHP + KT-2.5hr, TBHP + KT-3hr:
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60 �g, TBHP + KT-80 �g, TBHP + KT-100 �g: antioxidant power in KT-treated hepatocytes at the respective doses for 2 h. Data are mean ± SD, for six sets of
experiments per group. “b” values indicate significant differences between TBHP treated groups and KT treated groups (pb < 0.05).
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Fig. 5. (A) Effect of KT on TBHP-induced loss of cell viability of murine hepatocytes. Cont: levels in normal control; KT: levels in KT treated hepatocytes;
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LDH leakage. Cont: levels in normal control; KT: levels in KT treated hepatocytes; TBHP: levels in only TBHP exposed hepatocytes; TBHP + KT: levels in
hepatocytes after simultaneous exposure with KT and TBHP; TBHP + VitC: levels in hepatocytes after simultaneous exposure with VitC and TBHP. Data are
m antly fr
T

3

h
i
o
v

3

R
t
e
l
i
t
i

r
c

3
m

3

R
(
t
t
s
a

ean ± SD, for six sets of experiments per group. “a” values differ signific
BHP treated groups and KT, and VitC treated groups (pb < 0.05).

.5. Effect on cell viability

The effect of KT on cell viability in isolated hepatocytes
as been represented in Fig. 5A. Cell viability was reduced
n TBHP treated hepatocytes compared to normal cells. KT,
n the other hand, prevented the toxin-induced lose in cell
iability.

.6. Effect on ALT and LDH

Oxidative stress is known to cause the production of
OS which in turn can disrupt the cell membrane, ini-

iate the release of ALT, LDH and other intracellular
nzymes and reduces cell viability. Severe ALT and LDH

eakage was detected in the TBHP treated hepatocytes
ndicating a loss of cell membrane integrity and cyto-
oxicity in hepatocytes (Fig. 5B and C). KT effectively
nhibited the membrane disruption caused by the toxin as

t
0
p
i

om control (pa < 0.05); “b” values indicate significant differences between

evealed from the less ALT and LDH levels outside the
ells.

.7. Restoration of antioxidant status in TBHP-stressed
urine hepatocytes by KT

.7.1. Effect on ROS production
TBHP causes a significant increase in the formation of

OS (like superoxide anion radical (O2
−), hydroxyl radical

OH•) and hydrogen peroxide (H2O2), etc. The changes in
he production of intracellular ROS under oxidative stress in
he hepatocytes were assayed using DCFDA by fluorescence
pectrophotometer. Hepatocytes stressed with TBHP showed
n increase in the ROS generation by 2.1-fold as compared

o untreated cells. Whereas in the cells treated with KT, a
.5-fold decline in the ROS generation was observed as com-
ared to TBHP stressed cells (Table 2). This suggests the
ntracellular ROS scavenging nature of KT.
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Fig. 6. Representative flow cytometric analysis of hepatocytes from experimental animals. Cont: normal hepatocytes; KT: hepatocytes treated with KT only;
TBHP: hepatocytes treated with TBHP only; TBHP + KT: hepatocytes treated with KT and TBHP simultaneously. Dual parameter dot plot of FITC-lebelled
A hown in
r ree inde

3
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c
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t

nnexin V fluorescence (x-axis) versus PI-fluorescence (y-axis) has been s
ight, apoptotic cells; upper left, necrotic cells. Data are representative of th

.7.2. Effect on lipid peroxidation, GSH content and

OD activity

Cellular lipid peroxidation, GSH content and activities
f the antioxidant enzyme (like SOD) are some impor-

ig. 7. Study on the mitochondrial membrane potential in the hepato-
ytes by flow cytometry analysis. Figure represents the histogram plot.
ont: mitochondrial membrane potential in normal control; KT: mitochon-
rial membrane potential in KT treated hepatocytes; TBHP: mitochondrial
embrane potential in only TBHP exposed hepatocytes; TBHP + KT: mito-

hondrial membrane potential in hepatocytes treated with KT and TBHP
imultaneously. The measurements were made in six times.
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logarithmic fluorescence intensity. Quadrants: lower left, live cells; lower
pendent experiments.

ant parameters related to oxidative stress induced cellular
athophysiology. In the present study, increased levels
f MDA have been observed in the hepatocytes incu-
ated with TBHP. The activities of the SOD and GSH
ontent were also depleted under the same exposure. How-
ver, KT could protect the cellular defense against TBHP
nduced oxidative damage and maintain the normalcy in
epatocytes (Table 2).

The effect of a known antioxidant, vitamin C was included
n the above experiments as positive control. Being an antiox-
dant, vitamin C could prevent TBHP-induced ROS mediated
ellular oxidative dysfunction.

.8. Protective role of KT in TBHP-induced cell death

Loss of mitochondrial membrane potential (�Ψm) causes
he release of cytochrome c and other pro-apoptotic fac-
ors into the cytosol and that can lead to subsequent cell
eath. We, therefore, studied the effect of KT on TBHP
nduced mitochondrial events and observed that TBHP
educed the mitochondrial membrane potential (Fig. 7),
ncreased the expression of cytosolic versus mitochondrial
ytochrome c ratio (Fig. 8B) in association with up-regulating
aspase-9, Apaf-1 and caspase-3 (Fig. 8C–E), indicating

he involvement of the mitochondrial apoptotic pathway
n this pathophysiology. In addition, Bcl-2 family proteins
re upstream regulator of mitochondrial membrane poten-
ial and play critical roles in mitochondrial-mediated cell
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eath. The Bcl-2:Bax ratio drew particular interest due to
heir significance in the mitochondrial mediated events. We

bserved that TBHP caused a marked decrease in Bcl-2
xpression in hepatocytes and increased the expression of
ax which led to decreased ratio of Bcl-2 over Bax (Fig. 8A).
T treatment, on the other hand, inhibited TBHP-induced

n
o
V

ig. 8. (A–E) Western blot analysis and study on mitochondrion-dependent cell de
nd presence of KT (TBHP + KT). (A) Left panel represents the protein level of Bax
ifferent bands. (B) Left panel represents the protein level of cytosolic (top) and m
nalysis of different bands. (C) Left panel represents the protein level of Apaf-1 a
anel represents the protein level of caspase-9 and right panel represents quantitat
f caspase-3 and right panel represents quantitative analysis of different bands. Co
evels in only TBHP exposed hepatocytes; TBHP + KT: levels in hepatocytes after s
ere determined using NIH-image software and the control band was given an arbi

a” values differ significantly from normal control (pa < 0.05); “b” values indicate s
pb < 0.05).
iology 18 (2011) 221–234 231

itochondrial events and reciprocal regulation of Bax and
cl-2.
We also conducted FACS analysis to characterize the
ature of TBHP induced cell death and protective role
f KT by a double labeling technique using Annexin
/PI to distinguish between apoptotic and necrotic cells.

ath pathway in TBHP exposed hepatocytes in the absence (TBHP treated)
(top) and Bcl-2 (bottom) and right panel represents quantitative analysis of

itochondrial (bottom) cytochrome c and right panel represents quantitative
nd right panel represents quantitative analysis of different bands. (D) Left
ive analysis of different bands. (E) Left panel represents the protein level
nt: levels in normal control; KT: levels in KT treated hepatocytes; TBHP:
imultaneous exposure with KT and TBHP. The relative intensities of bands
trary value of 1. Data are mean ± SD, for six sets of experiments per group.
ignificant differences between TBHP treated groups and KT treated groups
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Fig. 8. (Continued).

Table 2
Antioxidant markers in normal and experimental hepatocytes.

Treatment groups ROSa Lipid peroxidationb SOD activityc GSHd

Normal control 100 ± 4.52 10.21 ± 0.48 114.5 ± 5.4 11.35 ± 0.5
KT 94.63 ± 4.38 12.46 ± 0.53 113.26 ± 5.3 13.25 ± 0.6
TBHP 231.56 ± 10.6a 35.45 ± 1.57a 72.36 ± 3.01a 5.07 ± 0.23a
TBHP + KT 116.32 ± 5.4b 19.75 ± 0.8b 110.72 ± 5.2b 8.7 ± 0.4b
TBHP + VitC 128.39 ± 6.2b 20.65 ± 0.96b 92.45 ± 4.3b 8.36 ± 0.39b

Normal control: normal hepatocytes; KT treated: only KT treated hepatocytes; TBHP treated: only TBHP exposed hepatocytes; TBHP + KT: hepatocytes exposed
to simultaneous KT and TBHP administration; TBHP + VitC: hepatocytes exposed to simultaneous VitC and TBHP administration. Data are mean ± SD, for
six sets of experiments per group. “a” values differ significantly from normal control (pa < 0.05); “b” values indicate significant differences between TBHP
treated groups and KT and VitC treated groups (pb < 0.05).

a % over control.
b nM MDA formed/mg protein.

A
F
fl
(
m
w
t
i
a

4

T
a

c Unit/mg protein.
d nmol/mg protein.

nnexin V binds specifically to phosphatidylserine and
ITC-conjugated Annexin V can, therefore, be used as a
uorescent probe to label apoptotic cells. Propidium iodide
PI) is used in conjunction with Annexin V–FITC. The cell
embrane integrity excludes PI in viable and apoptotic cells,

hereas necrotic cells are permeable to PI. Results suggest

hat KT treatment reduced the cell numbers to 90% viabil-
ty (approximately) whereas 500 �M TBHP alone caused
poptosis to nearly 60% of the total cell populations (Fig. 6).

s
c
a
c

. Discussion

Present study described the protective role of KT against
BHP-induced cytotoxicity and cell death in murine hep-
tocytes. Incubation of hepatocytes with TBHP caused a

ignificant increase in ROS generation, depletion of GSH
ontent, increase in MDA formation, and decrease in SOD
ctivity leading to apoptotic cell death initiated by mito-
hondrial pathway. KT treatment in combination with TBHP,
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owever, could protect the cells by preventing the alterations
aused by this ROS inducer.

In the present study, the antioxidant activity of KT in cell
ree system was determined by its DPPH radical scavenging
ctivity. In addition, the hydroxyl and superoxide radicals
cavenging activities of KT were also investigated in cell
ree system. Results of these studies clearly established KT
s a potent radical scavenger. Moreover, the results of the
resent study suggest that KT contains more polyphenols and
avonoids than black tea itself (Fig. 1A and B). It also con-

ains black tea polyphenols like theaflavin and thearubigins
nd antioxidants like d-saccharic acid 1,4-lactone. It is, there-
ore, likely to believe that KT might alter the toxic effects of
BHP by quenching the excessive free radicals produced in
epatocytes by this free radical inducer.

TBHP is a well known ROS inducer. The results of the
resent study showed that treatment with TBHP stimulates
OS overproduction, induces the production of MDA, and
auses reduction in the level of GSH. It is well established that
ntracellular GSH, the most important biomolecule protecting
gainst chemically induced oxidative stress, can participate in
he elimination of reactive intermediates by conjugation and
ydroperoxide reduction. These metabolic pathways could
ncrease cellular reactive metabolites, which may attack

embrane phospholipids, proteins, and nucleic acids. Thus,
ntioxidants which can inhibit free radical generation are
mportant in terms of protecting the liver from chemical-
nduced damage by stabilizing antioxidant systems in the
ell. The data showed that cells treated with KT displayed
reduction of TBHP-induced ROS generation, attenuation

f MDA levels to a considerable extent comparable to toxin
ontrol and inhibition of GSH depletion.

Mitochondria play a major role in regulating cell death
athways [27,28]. ROS are predominantly produced in mito-
hondria and play an important role in apoptosis. These
eactive species attack membrane phospholipids and cause
oss of mitochondrial membrane potential. Moreover, the
roapoptotic proteins belonging to the Bcl-2 family, such as
ad and Bax are also activated. These trigger the release
f cytochrome c from the mitochondria to the cytosol. In
he cytosol, Apaf-1, procaspase-9 and released cytochrome

from the mitochondria interact to form the apoptosome
hat drives the activation of caspase-3. In the cytosol the
ytochrome c forms a macromolecular complex with the
poptotic protease activating factor 1 (Apaf-1). The com-
lex cleaves and activates procaspase-9, which in turn causes
leavage and activation of procaspase-3. Caspase-3 is respon-
ible for the breakdown of a number of cytosolic/nuclear
roteins resulting in cellular morphological and biochem-
cal changes that are hallmarks of apoptosis, such as cell
hrinkage, DNA fragmentation, and chromatin condensa-
ion. Antiapoptotic proteins also belonging to the Bcl-2 gene

amily, such as Bcl-2 itself and Bcl-xL, inhibit the release
f cytochrome c from mitochondria and thereby prevent
he occurrence of apoptosis [29–31]. To confirm TBHP-
nduced mitochondria-dependent apoptosis, we determined

t
p
o
a

ig. 9. Schematic diagram of TBHP induced hepatotoxicity and its preven-
ion by KT.

he mitochondrial membrane potential as well as studied
he immunoblot analyses of Bcl-2 family proteins (Bax
nd Bcl-2), cytochrome c, caspase-9, Apaf-1 and caspase-3
n TBHP-induced hepatic pathophysiology. Results showed
hat TBHP reduced mitochondrial membrane potential, ele-
ated the concentration of cytosolic cytochrome c and
imultaneously increased the activities of caspase-9, Apaf-1
nd caspase-3 in experimental hepatocytes. Immunoblot-
ing studies also demonstrated that TBHP up regulated the
roapoptotic (Bax) and downregulated the anti-apoptotic
Bcl-2) Bcl-2 family proteins in hepatocytes (Fig. 8). Treat-
ent with KT could, however, effectively suppress these

lterations of mitochondrial events induced by TBHP and
ept the cells in their normal physiological status. Fig. 9
hows the possible mechanistic pathways about the beneficial
ole of KT against TBHP induced hepatic pathophysiology.

In conclusion, incubation of murine hepatocytes with
BHP caused an alteration in the cellular antioxidant sta-

us and induced apoptotic cell death by disrupting natural
itochondrial events. Treatment of KT in combination with

he toxin, on the other hand, kept that antioxidant status
uite similar to that of normal hepatocytes, prevented the
isruption of mitochondrial membrane potential and blocked

he activation of mitochondria dependent apoptotic signaling
athways (Fig. 9). Quenching the radical species could be
ne of the mechanisms involved in its protective action. In
ddition, the presence of glucaric acid and its derivatives like
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-saccharic acid 1,4-lactone (DSL) in KT as potent detoxify-
ng agents may be one of the reasons for the hepatoprotective
nd curative effect of KT against hepatic pathophysiology
7]. The present findings suggest that KT may be used as

natural antioxidant for the protection of hepatocytes in
BHP-induced oxidative insult and death.

onflict of interest

The authors have declared that no conflict of interest exists.

cknowledgements

The work has been supported in part by the Council of
cientific and Industrial Research, Government of India (a
rant-In-Aid to RG, Sanction No. 37(1329)/08/EMR-II).
he authors are grateful to Mr. Prasanta Pal for technical
ssistance for the study.

eferences

[1] D. Dutta, R. Gachhui, Nitrogen-fixing and cellulose-producing Glu-
conacetobacter kombuchae sp. nov., isolated from Kombucha tea, Int.
J. Syst. Evol. Microbiol. 57 (2007) 353–357.

[2] R. Jayabalan, S. Marimuthu, K. Swaminathan, Changes in content
of organic acids and tea polyphenols during Kombucha fermentation,
Food Chem. 102 (2007) 392–398.

[3] R. Jayabalan, P. Subathradevi Marimuthu, M. Sathishkumar, K. Swami-
nathan, Changes in free-radical scavenging ability of kombucha tea
during fermentation, Food Chem. 109 (2008) 227–234.

[4] G. Sreeramulu, Y. Zhu, W. Knol, Kombucha fermentation and its
antimicrobial activity, J. Agric. Food Chem. 48 (2000) 2589–2594.

[5] T.P. Pauline, B. Dipti, S. Anju, S.K. Kavimani, A.K. Sharma, Studies
on toxicity, anti-stress and hepatoprotective properties of Kombucha
tea, Biomed. Environ. Sci. 14 (2001) 207–213.

[6] G.S. Murugesan, M. Sathishkumar, R. Jayabalan, A.R. Binupriya, K.
Swaminathan, S.E. Yun, Hepatoprotective and curative properties of
kombucha tea against carbon tetrachloride-induced toxicity, J. Micro-
biol. Biotech. 19 (2009) 397–402.

[7] M.B. Sai Ram, T. Anju, P. Pauline, A.K. Dipti, S.S. Kain, Effect of
Kombucha tea on chromate(VI)-induced oxidative stress in albino rats,
J. Ethnopharmacol. 71 (2000) 235–240.

[8] R. Srinivasan, S. Smolinske, D. Greenbaum, Probable gastrointestinal
toxicity of kombucha tea, J. Gen. Intern. Med. 12 (1997) 643–644.

[9] Food and Drug Administration, FDA, Cautions Consumers on Kom-
bucha: Mushroom Tea. News Release, U.S. Department of Health and
Human Services, Public Health Service, Food and Drug Administra-
tion, Washington, DC, March 1995.

10] K. Yamamoto, J.L. Farber, Metabolism of pyridine nucleotides in
cultured rat hepatocytes intoxicated with tert butyl hydroperoxide,

Biochem. Pharmacol. 43 (1992) 1119–1126.

11] S. Amoroso, A. D’Alessio, R. Sirabella, G. Di Renzo, L. Annunzi-
ato, Ca2+ independent caspase-3 but not Ca2+-dependent caspase-2
activation induced by oxidative stress leads to SH-SY5Y human neu-
roblastoma cell apoptosis, J. Neurosci. Res. 68 (2002) 454–462.

[

iology 18 (2011) 221–234

12] A. Kanupriya, D. Prasad, M. Sai Ram, R.C. Sawhney, G. Ilavazhagan,
P.K. Banerjee, Mechanism of tert-butylhydroperoxide induced cyto-
toxicity in U-937 macrophages by alteration of mitochondrial function
and generation of ROS, Toxicol. In Vitro 21 (2007) 846–854.

13] V.L. Singleton, R. Orthofer, R.M. Lamuela-Raventos, Analysis of
total phenols and other oxidation substrates and antioxidants by
means of Folin-Ciocalteu reagent, Methods Enzymol. 299 (1999) 152–
178.

14] C. Chang, M. Yang, H. Wen, J. Chern, Estimation of total flavonoid
content in propolis by two complementary colorimetric methods, J.
Food. Drug Anal. 10 (2002) 178–182.

15] T. Takeo, K. Oosawa, Photometric analysis of black tea infusion, Bull.
Nat. Res. Inst. Tea (Japan) 12 (1976) 125–181.

16] S. Ramaswamy, Report of Tea Technologist UPASI Scientific Depart-
ment of Ann. Rep., 1978, pp. 126–148.

17] S.N.S. Thanaraj, R. Seshadri, Influence of polyphenol oxidase activity
and polyphenol content of tea shoot as quality of black teas, J. Sci. Food
Agric. 35 (1990) 57–69.

18] E.A.H. Roberts, R.F. Smith, Phenolic substances of manufactured tea.
II Spectrophotometric evaluation of tea liquors, J. Sci. Food Agric. 14
(1963) 689–700.

19] M.S. Blois, Antioxidant determination by use of a stable free radical,
Nature 29 (1957) 1199–1200.

20] T. Nash, The colorimetric estimation of formaldehyde by means of the
Hantzsch reaction, J. Biochem. 55 (1953) 416–421.

21] P. Siddhuraju, K. Becker, Antioxidant properties of various solvent
extracts of total phenolic constituents from three different agroclimatic
origins of drumstick tree (Moringa oleifera Lam.) leaves, J. Agric. Food
Chem. 51 (2003) 2144–2155.

22] K. Sarkar, P.C. Sil, A 43 kD protein from the herb Cajanus indicus L.
protects thioacetamide induced cytotoxicity in hepatocytes, Toxicol. In
Vitro 20 (2006) 634–640.

23] M. Sinha, P. Manna, P.C. Sil, Taurine, a conditionally essential amino
acid, ameliorates arsenic-induced cytotoxicity in murine hepatocytes,
Toxicol. In Vitro 21 (2007) 1419–1427.

24] M. Madesh, K.A. Balasubramanian, A microlitre plate assay for super-
oxide using MTT reduction method, Ind. J. Biochem. Biophys. 34
(1997) 535–539.

25] M.M. Bradford, A rapid and sensitive method for the quantitation of
microgram quantities of protein utilizing the principle of protein-dye
binding, Anal. Biochem. 72 (1976) 248–254.

26] P. Manna, J. Das, J. Ghosh, P.C. Sil, Contribution of type 1 diabetes
to rat liver dysfunction and cellular damage via activation of NOS,
PARP, I�B�/NF-�B, MAPKs and mitochondria dependent pathways:
prophylactic role of arjunolic acid, Free Radic. Biol. Med. 48 (2010)
1465–1484.

27] D.R. Green, J.C. Reed, Mitochondria and apoptosis, Science 281 (1998)
1309–1312.

28] D.R. Green, G. Kroemer, The pathophysiology of mitochondrial cell
death, Science 305 (2004) 626–629.

29] M. Simonen, H. Keller, J. Heim, The BH3 domain of Bax is sufficient
for interaction of Bax with itself and with other family members and
it is required for induction of apoptosis, Eur. J. Biochem. 249 (1997)
85–91.

30] Y. Tan, M.R. Demeter, H. Ruan, M.J. Comb, BAD Ser-155 phospho-
rylation regulates BAD/Bcl-XL interaction and cell survival, J. Biol.
31] H. Zha, H. Aime-Sempe, T. Sato, J.C. Reed, Proapoptotic protein Bax
heterodimerizes with Bcl-2 and homodimerizes with Bax via a novel
domain (BH3) distinct from BH1 and BH2, J. Biol. Chem. 271 (1996)
7440–7444.


	Hepatoprotective properties of kombucha tea against TBHP-induced oxidative stress via suppression of mitochondria dependent apoptosis
	Introduction
	Materials and methods
	Animals
	Chemicals
	Preparation of kombucha tea
	Determination of total phenolic compounds and flavonoids
	Composition of kombucha tea
	Analysis of organic acids
	Analysis of d-saccharic acid-1,4 lactone
	Analysis of black tea polyphenols

	Antioxidant activity of kombucha tea in cell free system
	DPPH radical quenching activity
	Hydroxyl radical scavenging activity
	Superoxide radical scavenging activity

	Hepatocyte isolation
	Determination of time and dose-dependent effect of TBHP by FRAP assay
	Assessment of dose and time dependent activity of KT by FRAP assay
	Experimental setup
	Determination of cell viability by MTT assay
	Determination of ALT and LDH leakage
	Determination of protein content
	Measurement of intracellular ROS production
	Estimation of lipid peroxidation end products
	Determination of GSH level
	Determination of SOD activity
	Detection of the nature of cell death by flow cytometry (FACS)
	Determination of mitochondrial membrane potential (DeltaPsim)
	Western blot analysis
	Statistical analysis

	Results
	Time-dependent compositions of the total phenolic compounds and flavonoids in KT
	Composition of kombucha tea
	Radical scavenging activity of KT in cell free system
	Dose and time dependent effects of KT by FRAP assay
	Effect on cell viability
	Effect on ALT and LDH
	Restoration of antioxidant status in TBHP-stressed murine hepatocytes by KT
	Effect on ROS production
	Effect on lipid peroxidation, GSH content and SOD activity

	Protective role of KT in TBHP-induced cell death

	Discussion
	Conflict of interest
	Acknowledgements
	References


