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Objectives: The aim of this research was evaluate the effectiveness of Kombucha tea in

reducing cholesterol uptake as well as pathological and immunological side effects from high
cholesterol diets in Rabbit.

Article info: Methods: A total of 32 rabbits were assigned into four groups: 1. Control, fed with standard
Received: 07 Dec 2019 ¢ pellets; 2. HCh+St, fed with high cholesterol diet; 3. HCh+Kom, fed with high cholesterol
Accepted: 12 Feb 2020 diet and orally received kombucha beverage; and 4. Kom+St, orally received kombucha

beverage along with standard diet. Then, the blood Cholesterol (CHO), Triglycerides (TG),
Low-density Lipoprotein (LDL), Malondialdehyde (MDA), ferritin, Creatine Phosphokinase
(CPK), Interleukin-1 (IL-1), interleukin-6 (IL-6), and liver enzymes (alanine transaminase
[ALT], and aspartate transaminase [ AST]), as well as liver histopathological features, were
evaluated in all groups.

Results: CHO and TG showed the highest level in the blood of the HCh+St group, whereas
those gavaged with HCh+Kom displayed no change in TG and LDL. Conversely, the
HCh+Kom group showed a significant increase in HDL when compared with HCh+St and
Kom+St groups. MDA ferritin and CPK in the Kom+St group was significantly higher than
the other groups, followed by HCh+Kom. No significant difference was observed in the
values of IL-1 and IL-6 as well as ALT and AST between the experimental groups and the

Keywords: ¢ control group. Histopathological observations of the liver tissues revealed foam cells with an
Kombucha tea, :  acidophilic appearance in the HCh+St group and hyperemia in the sinusoid of HCh+Kom and
Hypercholesterolemia, : Kom+St groups. Degradation in pancreatic acini was observed in the HCh+St rabbits.

Biocl.lemi?al si(.ie effects, :  Conclusion: The data suggest that kombucha consumption is effective in preventing problems
Physiological side effects ¢ caused by high cholesterol diets.
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Introduction

ombucha is a traditional beverage con-
sumed since 220 BC. It is prepared by fer-
menting sweetened black tea [1, 2]. The
beverage is consumed worldwide, andits
popularity derives from its therapeutic
benefits on relieving symptoms of meta-
bolic diseases, hemorrhoids, rheumatism.
It also reduces blood pressure, boosts immune response,
relieves arthritis, and even cures cancer and AIDS [1-3].

The fermentation is done using a symbiotic culture of
yeasts and bacteria (e.g. acetic acid bacteria) at room
temperature for 10-12 days [3]. The yeasts ferment the
sugar (i.e. sucrose) to ethanol in the sweetened tea me-
dium. Then the bacteria oxidize the alcohol to produce
acetic acid, thereby decreasing pH and producing anti-
microbial metabolites which in turn reduce the competi-
tion of other bacteria and fungi [4]. Previous studies have
revealed a broad spectrum of yeast species associated
with kombucha products, including Candida, Kloeckera,
Pichia, Saccharomyces, Saccharomycoides, Schizosac-
charomyces, Torulospora, and Zygosaccharomyces [2].
However, only a few bacteria, especially Acetobacter
xylinum strains which produce cellulose, have been re-
ported to be involved in kombucha processing [5, 6].

Therapeutic properties of the fermented liquid have
been mainly ascribed to the presence of acetic, lactic,
and gluconic acids as major chemical compounds. The
last compound is considered the key therapeutic agent
and functions as a detoxification agent in the liver [2, 6].
Besides, the antimicrobial activity of kombucha bever-
age is related to the presence of usinic and acetic acids
as well as other ingredients, such as bacteriocins and tea-
derived phenolic compounds [2]. In other studies, flavor
compounds such as alcohols, aldehydes, ketones, esters,
and amino acids have also been reported at different lev-
els, suggesting the consistency in the metabolisms dur-
ing kombucha fermentation [7].

Despite its traditional and long-term consumption, there
are controversial claims on kombucha’s therapeutic bene-
fits which are scientifically unsubstantiated. For example,
Murphy et al. stated the pharmacological effectiveness of
kombucha beverage as a therapeutic agent and therefore
recommended its consumption in the food [1].

A growing body of research has investigated the mi-
crobiological, compositional [8-11], health beneficial,
fermentation characteristics [3, 6, 12], and toxicological
effects of kombucha tea [13]. Previous investigations
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suggested and even claimed that fermented kombucha
tea could reduce blood cholesterol levels, treat obesity,
and protect against diabetes [6, 12]. Given that lipid dis-
order is one of the most common causes of diabetes, this
research aimed to evaluate the effectiveness of kombu-
cha tea in reducing cholesterol uptake, as well as treating
pathological and immunological side effects (i.e. oxida-
tive stress) caused by high cholesterol diets in New Zea-
land white rabbit (Oryctolagus cuniculus) model.

Materials and Methods
Kombucha preparation

Iranian black tea was obtained from Lahijan City (north
of Iran). The tea leaves (3 g/L) were infused into freshly
boiled water for 30 min and sweetened with 200 g/L su-
crose. After removing the leaves, the tea was allowed to
cool at room temperature and then 30 g kombucha mat
from a previous batch was added to the sweetened tea.
After fermentation at room temperature for 2 months, the
fungi mat was removed. The preparation of kombucha
beverage was done in sterile containers and utensils to
prevent contamination with external microorganisms [14].

Animal maintenance and experimental diets

A total of 32 adult male New Zealand rabbits (average
weight of 2000+129 g) were obtained from the Pasteur
Institute of Tehran (Iran). Before starting the procedure,
the rabbits were acclimated to the experimental condi-
tion for seven days at 25-30°C with a 12:12 h light/dark
cycle and fed by a standard diet (Table 1). The tests on
animals were done based on the ethical guidelines of
working with laboratory animals approved by the Ethics
Committee at the Deputy of Research and Technology of
Islamic Azad University (Iran).

The animals were randomly assigned into four groups
each containing 8 animals. First, all rabbits were fasted
for 12-15 hours. Then, their blood samples were col-
lected via a coronary perfusion catheter to determine
baseline values for biochemical and experimental indi-
ces. Next, the experimental groups received the follow-
ing treatments: 1. Control group, fed with standard pel-
lets without cholesterol; 2. HCh+St group, fed with high
cholesterol diet in which cholesterol (1 g in 2 mL olive
oil) was gavaged once each day along with the standard
diet; 3. HCh+Kom group, fed with high cholesterol diet
as HCh+St group along with 5 mL of kombucha bever-
age once each day; 4. Kom+St group, fed with standard
diet along with 5 mL of kombucha beverage once each
day. The animals were fed each daily with 100 g of the
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desired diet with food and water ad libitum. Also, the
same volume of olive oil as the second and third groups
was given to the animals of the first and third groups
[15]. The treatments were followed for 40 days. In the
end, the blood samples were collected again for the as-
sessment of biochemical and experimental indices. Also,
the rabbits’ liver and pancreas tissues were dissected for
histopathological analysis.

Blood biochemical indices

Blood samples were centrifuged at 3500 rpm for 20
minutes to obtain serum and plasma. Atherosclerosis-
associated lipids, including cholesterol (CHO), triglycer-
ides (TG), Low-Density Lipoprotein (LDL), High-Den-
sity Lipoprotein (HDL), Creatine Phosphokinase (CPK),
ferritin, interleukin-6 (IL-6), Interleukin-1 (IL-1), Malo-
ndialdehyde (MDA) were measured. Also, Alanine
Transaminase (ALT) and serum Aspartate Transaminase
(AST) were analyzed with a UV/VIS spectrophotometer
(WTW SpectroFlex 6600, Germany) using a commer-
cial kit (Pars Azmoon, Iran). Creatine Phosphokinase
(CPK) activity was determined using (CK) kit accord-
ing to the manufacturer’s instructions. MDA levels were
estimated using the Thiobarbituric Acid (TBA) method
by the assessment of the absorbance at the wavelength
of 532 nm [16]. The measurements were carried out ac-
cording to the manufacturer’s instructions.
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Histopathological analysis

The liver and pancreas tissues of the rabbits were dis-
sected out and fixed in 10% formalin, then dehydrated
in gradual ethanol (50%-100%), cleared in xylene, and
embedded in paraffin. Finally, the sections were pre-
pared and stained by hematoxylin and eosin (H&E) for
light microscope observation (Nikon-YF100, Japan).

Statistical analysis

Results are presented as Mean+SD. Differences be-
tween the baseline values (first day) and the final values
were calculated and then introduced to one-way ANO-
VA for comparing between groups. Next, the pair-wise
multiple comparisons were performed using LSD (least
significance difference) posttest. In all steps, P-values
less than 0.05 were considered significant.

Results

The concentration of CHO, TG, LDL, HDL, MDA, IL-
1, IL-6, ferritin, and CPK were different in the experi-
mental groups. Plasma CHO exhibited the highest level
in the group who only received the high cholesterol diet
(HCh+St) compared with the other groups (P<0.05),
mostly with the HCh+Kom group. That is, the kombu-
cha beverage used in the HCh+Kom regime significantly
reduced the amount of CHO when compared with the

Table 1. The chemical composition of the rabbit standard diet used in the experiment

Ingredients

%

Crud protein
Crud lipid
Fiber
Ash
Calcium
Phosphorus
Salt
Moisture
Lysine
Methionine
Methionine Cysteine
Threonine
Tryptophan

Energy

15.5-16.5

4-5

13-14

=10

1.3-14

0.7-0.8

0.5-0.55

=10

0.73

0.29

0.55

0.64

0.32

14-15
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Table 2. Absorption rate of different concentrations of kombucha tea compared with different concentrations of acetic acid

using the cell spectrophotometer

Sample (%) Absorption Number Wavelength
2 mL (Acetic acid 0.05) 0.023 510 nm
2 mL (Acetic acid 0.1) 0.032 510 nm
2 mL (Acetic acid 0.2) 0.035 510 nm
2 mL (Acetic acid 0.3) 0.137 510 nm
2 mL (Acetic acid 0.4) 0.24 510 nm
2 mL (Acetic acid 0.05) 1.4 510 nm
2 mL (Acetic acid 0.1) 1.756 510 nm
2 mL (Acetic acid 0.2) 2.01 510 nm
2 mL (Acetic acid 0.3) 2.32 510 nm
2 mL (Acetic acid 0.4) 2.719 510 nm

HCh+St group (Figure 1A). Treatment with high choles-
terol diet (HCh+St) significantly increased plasma TG,
whereas the rabbits gavaged with kombucha beverage
(HCh+Kom) displayed no significant changes when com-
pared with the control group (P<0.05) (Figure 1 B). Like-
wise, plasma LDL exhibited almost the same response to
the treatments (P<0.05) (Figure 1 C). On the other hand,
HCh+Kom treatment significantly increased HDL level
compared with the HCh+St and Kom+St treatments, es-
pecially the second one (P<0.05) (Figure 1 D).

The values of MDA (Figure 1 F), ferritin (Figure 1 I),
and CPK (Figure 1 J) in the Kom+St treatment were
significantly higher than those in the other groups (P<
0.05), followed by HCh+Kom. No significant difference
was observed in the values of IL-1 and IL-6 (Figure 1
G and H, respectively) as well as ALT and AST activ-
ity (Figure 2) between the experimental groups and the
control group.

Analysis of the green kombucha tea with cell
spectrophotometer

The acetic acid in kombucha green tea was detected
by cell spectrophotometer (model SpectroFlex 6600) in
Poyan Engineering Group of Isfahan University of Tech-
nology, Isfahan Scientific and Research Town. First, we
prepared various percentages of acetic acid. Next, 2 mL
of the sample and 2 mL of the rhodamine reagent were
added to the cell spectrophotometer in that order, and the

Doudi M, et al. Effects of Kombucha Tea on the Side Effects of High Cholesterol Diet. PBR. 2020; 6(2):123-132.

PBR

absorption of each sample was read using the cell spec-
trophotometer.

Table 2 presents the wavelength and absorption levels
of different concentrations of 3-month fermented kom-
bucha tea compared with different concentrations of
acetic acid using the cell spectrophotometer. By com-
paring the optical absorption of different concentrations
of chemical acetic acid at 510 nm wavelength with the
same concentrations of acetic acid obtained from green
kombucha tea (Figure 1), one can conclude that the ace-
tic acid obtained by 3-month fermented green kombucha
tea has a higher acidic power because of its higher ab-
sorption of light (Figure 3).

Histopathological observations

Histopathological analysis of the liver tissues in the con-
trol group revealed normal hepatic cells with well-pre-
served cytoplasm, prominent nucleus, nucleolus, and vis-
ible central veins, although with a little hyperemia in the
sinusoid (Figure 4A). However, foam cells with acido-
philic appearance were observed in the animals received
HCh+St diet (Figure 4B) and hyperemia in the sinusoid
was shown in those treated with HCh+Kom and Kom+St
(Figure 4C and D, respectively). Pancreas sections exhib-
ited a normal structure in the control group and the ani-
mals received HCh+Kom and Kom+St (Figure 5A). Still,
severe degradation in pancreatic acini was observed in the
animals received HCO+St diet (Figure 5B).
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Figure 1. Plasma levels of atherosclerosis-associated (CHO,TG, HDL,LDL,MDA FRAP,CPK IL-1,IL-6 ferritin) in the experi-

mental groups

Data are expressed as Mean+SD.

Discussion

Atherosclerosis-associated lipids (CHO, TG, LDL,
and HDL) level, the activity of liver functional enzymes
(ALT and AST), MDA, IL-1, IL-6, ferritin, and CPK
levels, as well as the histological structure of liver and
pancreas tissues, were evaluated in white rabbits follow-
ing exposure to high cholesterol dietary along with oral
administration of kombucha beverage. Rabbits are high-
ly sensitive to cholesterol-rich diets and usually exhibit
the response as hypercholesterolemia [17-19]. Elevated
cholesterol levels and in some cases triglycerides are
considered as risk factors for the development of athero-
sclerosis and cardiovascular diseases [20].

The current study demonstrated the highest plasma
CHO level in the rabbits treated only with a cholesterol-
rich diet (i.e. HCh+St) but the effect was significantly
less in those received HCh+Kom regime, suggesting that
kombucha beverage effectively disallows the absorption
of CHO in the intestinal tissue. The observed lower lev-
els of blood cholesterol in the HCh+Kom group has been
documented in a previous study on duck [21], alloxan-
induced diabetic rats [22], and Wistar rats [23], which
were treated with kombucha.

The present study demonstrated that the administration
of kombucha significantly reduced plasma TG levels in
HCh+Kom treated group when compared with the ani-
mals only received HCh+St. Similar results have been
reported by Aloulou et al. (2012) who administrated

AST
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Figure 2. Plasma levels of atherosclerosis-associated ALT, AST in the experimental groups.
Data are expressed as Mean+SD.
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Figure 3. Absorption rate of blank samples and green kombucha tea samples measured by cell spectrophotometer
kombucha to diabetic rats and observed a considerable in pancreatic lipase activity which, in turn, is responsible

decrease in plasma TG and cholesterol; the reduction in for the hydrolysis of non-absorbable dietary triglycerides
plasma TG and cholesterol was attributed to the reduction into absorbable monoglycerides and free fatty acids [20].

A B

Figure 4. Liver histopathologic alterations in experimental groups PBR
A. Control group, normal structure with a little hyperemia; B. Animals received high cholesterol diet, foam cells with acido-
philic appearance; C. Animals received only kombucha beverage, normal structure with a little hyperemia; and D. Animals
received both high cholesterol diet and kombucha beverage; hyperemia in the liver sinusoids (H&E, % 100, Bar= 50 pm).
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Figure 5. Histopathological alterations of pancreases of study rabbits

A. Control group as well as the animals treated with both high cholesterol diet and kombucha beverage or only kombucha
beverage, normal structure; B. Animals only received high cholesterol diet, severe degradation in pancreatic acini (H&E, x 100,

Bar= 50 um).

Also, kombucha induced lowered serum levels of TC, TG,
VLDL-C, and LDL-C by 26%, 27%, 28%, and 36%, re-
spectively, and increased the serum level of high-density
lipoprotein cholesterol [23]. Increasing the concentration
of cholesterol level prevents the synthesis of LDL receptor
proteins at the cellular level, and thus, cells are unable to ab-
sorb LDL through endothetic receptors, thereby increasing
plasma LDL level [17]. Besides, insufficient function of the
liver in very-low-density lipoprotein (VLDL) degradation
occurs following a high intake of rich-cholesterol diets and
consequently plasma VLDLs accumulation [24]. Hence,
the observed elevation of plasma LDL in the HCh+St group
could be attributed to the high detected cholesterol level and
insufficient performance of the liver in VLDL degradation.
Also, the present finding for HDL seems to be consistent
with other research indicating that kombucha tea induces a
significant increase in HDL-cholesterol [21-23]. The ben-
eficial effects of kombucha tea are attributed to the presence
of tea polyphenols, gluconic acid, glucuronic acid, lactic
acid, vitamins, amino acids, antibiotics, and a variety of mi-
cronutrients produced during fermentation [23].

Ferritin maintains the intracellular iron balance and serves
as a cytoprotective protein, which lowers oxygen free radi-
cal formation by sequestering intracellular iron [25]. Our
finding demonstrated that the concentration of serum fer-
ritin was significantly lower in the rabbits treated with
Kom+St or HCh-Kom when compared with those received
HCh+St. Given that ferritin is a lipid oxidation catalyst, the
higher concentration of ferritin in HCh+St could be attrib-
uted to higher $tress in the animals administrated with high
cholesterol regime. The same holds for MDA which is fre-
quently used as an indicator of lipid peroxidation.

Serum CK is an enzyme whose high concentration
reflects injury, inflammation, or necrosis of muscles.
Therefore, high levels of CPK usually indicate some de-
grees of stress or injury to the heart or other muscles. The
animals administered with kombucha displayed lower
serum CK concentrations when compared with those
received high cholesterol diet (i.e. HCh+St), suggesting
that kombucha tea possesses a protective effect against
muscle injury or heart attack as an antihypercholester-
olemic agent.

ALP and AST are biomarkers of liver health, and clini-
cally critical for the diagnosis of hepatopancreas dys-
function. Being high in the cytoplasm of the liver cells,
these plasmatic enzymes pass through the cell mem-
brane and enter the bloodstream during injuries [26, 27].
In the present study, no significant change was observed
in the activity of ALT and AST between all of the ani-
mal groups, and the findings do not support the previ-
ous research for hypercholesterolemic Wistar rats done
by Bellassoued et al. (2015). They measured AST, ALT,
and GGT indices and concluded that kombucha bever-
age could not protect the liver and kidney [23].

Histopathological analysis demonstrated that the
HCh+St diet feeding would lead to the emergence of
foam cells with an acidophilic appearance in the liver
and severe degradation in pancreas acini. But both ex-
perimental groups who received kombucha tea (i.e.
HCh+Kom and Kom+St) showed no irreversible abnor-
mal structures, suggesting a potential protective effect of
the beverage. These findings agreed with the findings of
other studies [22, 23].
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