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Abstract

Pu-erh tea, a traditional Chinese beverage, has been believed to have many
benefits to human health and without side effects. In this study, we systemat-
ically analyzed the main active components of Pu-erh tea and investigated its
anti-obesity, anti-atherosclerotic and anti-oxidant effects using an obese rat
model. Obesity was induced by feeding a high-fat diet and subsequently the
experimental obese mice were fed with high-fat diet supplemented with low
(2.5%), medium (5%) or high (7.5%) doses of Pu-erh tea powder for 6 weeks
respectively. As result, the body weight gain of the rats was decreased by me-
dium and high doses of Pu-erh tea treatments. Furthermore, the levels of se-
rum total cholesterol (TC), triglyceride (TG) and atherosclerosis index (AI)
were significantly lowered by Pu-erh tea compared to the control group.
Conversely, high density lipoprotein-cholesterol (HDL-C) level of the rats
was significantly elevated by Pu-erh tea treatments. In addition, Pu-erh tea
treatments increased the activities of anti-oxidative enzymes such as supe-
roxide dismutase (SOD) and glutathione peroxides (GSH-Px), whereas re-
duced the level of lipid peroxidation product malondialdehyde (MDA) in ob-
ese rats. Collectively, our findings revealed that Pu-erh tea exerts comprehen-
sive benefits in anti-obesity, anti-atherosclerotic and anti-oxidant effects,
therefore can be used as a promising functional food in obesity management.
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1. Introduction

Obesity is a chronic metabolic disorder that results from the imbalance between
energy intake and energy expenditure, it is characterized by enlarged fat mass
and elevated lipid concentration in blood [1]. Now obesity is becoming a
well-known risk factor for variety of life-style diseases, such as hyperlipidemia,
hypertension, and diabetes all over the world, especially in the developed and
most developing countries. Over-accumulation of lipid leads to the formation of
atherosclerotic plaques, which could either grow towards the lumen of the artery
or become unstable and rupture, causing an obstruction of the blood flow [2].
Atherosclerotic plaques have become the first threat to human health. Further-
more, obesity is accompanied by the formation of oxygen free radicals, whose
intensified activity without effective defense mechanisms can lead to oxidative
stress and related complication [3]. Great efforts have been made to find natural
foods to prevent obesity and atherosclerosis in the pass decades.

Tea [Camellia sinensis (L.) O. Kuntze], one of the most popular beverages
worldwide, has been considered to be a crude medicine for 4000 years. Tea is cate-
gorized into three types according to the manufacturing processes, non-fermented
tea (green tea), semi-fermented tea (oolong tea), and completely fermented tea
(black tea) [4]. As a famous traditional black tea mainly produced in Yunnan
province, China, Pu-erh tea exhibits many biological benefits [5]. For example,
the powder and extracts of Pu-erh tea demonstrate an anti-oxidant activity both
in vitro and in vivo [6], and display a preventive effect on cisplat in-induced liver
oxidative damage [7]. Pu-erh tea extracts can restrain the growth of bacterium
strains such as Escherichia coli, Bacillus subtilis and Staphylococcus aureus [8].
Furthermore, it was also reported that Pu-erh tea extracts inhibit tumor cell
growth [9]. Most importantly, a series of studies suggested that Pu-erh tea can
reduce the body weight, suppress hyperlipidemia, reduce the low-density lipo-
protein-cholesterol level, and decrease atherogenic index in mammalians [10]
[11]. It was reported that theabrownins, one of the main bioactive components
in Pu-erh tea, could regulate the activity of key enzymes involved in lipid meta-
bolism and accelerate the catabolism of exogenous cholesterol in rats [12].
Above studies have proposed possible roles of Pu-erh tea in reducing obesity and
atherosclerosis risk. However, the association of the main active constituents of
Pu-erh tea with its complex roles on anti-obesity, anti-atherosclerotic and an-
ti-oxidant effects in animal model, had not yet been systematically studied.

In the present study, we analyzed the main active constituents of Pu-erh tea
and investigated its effects on anti-obesity, anti-atherosclerotic and anti-oxidant
using a high-fat diet-induced obese rat model. Our work displayed that Pu-erh
tea is rich in many active constituents, such as tea polyphenols, theaflavins,
thearubigins, theabrownins, gallic acid and caffeine, which may exert compre-
hensive benefits on anti-obesity, anti-atherosclerotic and anti-oxidant effects.
Our studies revealed that Pu-erh tea can be used as a promising functional food

in obesity management.
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2. Materials and Methods
2.1. Materials

Pu-erh tea was provided by China Academy of Pu-erh Tea (Pu’er, China). Male
Sprague Dawley (SD) rats, standard M02-F granule diet and M04-Fgranule diet
as high-fat diets were all purchased from Shanghai SLAC laboratory animal Co.,
LTD., (Shanghai, China) [M02-F (w/w): supplemented with barley flour (20%),
bean flour (10%), cornflour (16%), bran (16%), yeast (1%), fish meal (10%),
bone meal (5%), salt (2%), alfalfa meal (20%); M04-F (w/w): supplemented with
MO02-F (80%), lard (10%), yolk powder (10%)]. All reagents and chemicals were
of analytical grade.

2.2. Animals

Sixty male SD rats were all individually housed in stainless steel wire-bottomed
cages and acclimated to the air-conditioned room (23°C * 2°C, humidity 55% +
5%, 12 h light/dark cycle). All rats were fed M02-F diet and allowed free access
to water for one week before the study as described below, the weights of rats at
the beginning of the study ranged from 80 to 100 g. The present study was ap-
proved by the Institutional Animal Care and Use Committee of Zhejiang Uni-
versity. All applicable institutional and governmental regulations concerning the

ethical use of animals were followed during this research.

2.3. Determination of Principal Components in Pu-Erh Tea
Powder

Pu-erh tea powder was prepared through grinding and sieving with 40-mesh
sieve. Water and water extract contents were determined according to the na-
tional standards in China. Levels of theanine were determined by a reverse phase
high-performance liquid chromatography (HPLC) system coupled with a detec-
tor at 425 nm absorbance [13]. The ferrous tartrate colorimetric method was
used to detect the total contents of tea polyphenol [14]. Caffeine and the compo-
sition of tea polyphenol were analyzed by using another HPLC method as de-
scribed previously [15]. TF (theaflavins), TR (thearubigins) and TB (theabrow-
nins) were separated by ethyl acetate and n-butyl alcohol, their contents were

quantitated using the spectrophotometry method.

2.4. Anti-Obesity and Anti-Atherosclerotic Test of Pu-Erh Tea in
Obese Rats

After one week of acclimation, the rats were randomly divided into two groups
according the body weight: the control group (CG, 10 rats) was fed M02-F diet
while the other 50 rats were fed M04-F diet. After 30 days, animals fed the
high-fat diet were measured the body weight, all of these rats met the obesity
model criteria (when their body weight reached 10% more than control group)
and were, thus, enrolled into the experiment by randomly dividing into 5 groups

of 10 rats each. One served as obesity model group (MG), giving M04-F diet; one
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acted as diet control group (DCG), giving M02-F diet, the rest 3 group as low
dose group (LDG), middle dose group (MDG) and high dose group (HDG),
which were given M04-F diet with 2.5%, 5%, 7.5% Pu-erh tea powder respec-
tively. The rats had free access to food and water, and their food consumption
was measured every other day while their body weight was measured weekly.
After 6 weeks, the rats were anesthetized with sodium pentobarbital after fasting
for 12 h. Blood samples were taken from the inferior venacava to determine the
plasma biomarkers. After collecting the blood, the liver and white adipose tissues
(epididymal and prerenal) were removed, rinsed with a physiological saline so-
lution and weighed immediately. The serum, liver and adipose tissues were pre-

pared and frozen at —20°C until analyzed.

2.5. Assay of Blood Lipids and Lipoproteins

Serum levels of total cholesterol (TC), triglycerides (TG), and high density lipo-
protein-cholesterol (HDL-C) were measured using reagent kits method (Nanjing
Jiancheng Bioengineering Institute, Nanjing, china). The atherosclerotic index

(AI) was calculated using the formula:

Al =(TC-HDL-C)/HDL-C

2.6. Examination of Antioxidant Enzyme Activity

The activities of anti-oxidant enzymes such as superoxide dismutase (SOD) and
glutathione peroxides (GSH-Px), and lipid peroxidation product malondialde-
hyde (MDA) were determined using reagent kits method (Nanjing Jiancheng
Bioengineering Institute, Nanjing, China).

2.7. Statistical Analysis

All data were recorded as means + standard error (S.E.) from 10 rats in each
group. Statistical analysis was performed by SPSS17.0 with one-way ANOVA
procedures. Significant differences between means were determined by Duncan’s
multiple range tests at the level of p < 0.05 or p < 0.01.

3. Results and Discussion
3.1. The Main Constituents of Pu-Erh Tea Powder

To investigate the physiological effects of Pu-erh tea, we firstly examined the
main constituents of Pu-erh tea powder and its raw material, Shai Qing Mao
Cha. As shown in Table 1, the main constituents of Pu-erh tea powder includes
water, water extract, tea polyphenols (TP), theaflavins (TF), thearubigins (TR)
and theabrownins (TB). Compared to Shai Qing Mao Cha, the contents of TP,
TF and TR in Pu-erh tea powder were descend while the TB content was ele-
vated.

We further detected the contents of gallic acid, caffeine, and the principle
compositions of tea polyphenols in Pu-erh tea and its raw material. As shown in
Table 2, the principle compositions of tea polyphenols in Pu-erh tea included
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Table 1. The main constituents of Pu-erh tea and its raw material.

Water ~ Water extract Tea polyphenols

%) ) %) TF(%)  TR(%)  TB (%)

Sample

Pu-erhtea  9.04£0.33 30.14 +0.86 12.80 +0.88  0.16 £0.22 0.34 £0.26 11.35 £ 0.26

Raw materials 6.58 £0.21  43.76 + 0.45 33.88+1.02 0.25+0.16 6.43+0.03 2.6+0.03

Notes: all data are presented as mean + SEM.

Table 2. The contents of gallic acid, caffeine, and the principal compositions of tea poly-
phenols in Pu-erh tea and its raw material (mg/g).

Sample gallicacid  caffeine EGC EC EGCG GCG ECG
Pu-erh tea 0.671 2.823 0.11 0.08
Raw material - 2.654 2.03 2.10 7.15 1.190 14.66

Notes: All data are presented as mean + SEM.

(-)-epigallocatechin (EGC) and (-)-epicatechin (EC). Compared to raw mate-
rials, the contents of EGC and EC was largely descend, and the contents of
(-)-epigallocatechin gallate (EGCG), (-)-gallocatech in gallate (GCG) and
(-)-epicatechin gallate (ECG) were even not detected in Pu-erh tea powder. In
contrast, the content of gallic acid was significantly elevated, whereas the content
of caffeine was not significantly changed in Pu-erh tea powder compared to raw
materials (Table 2). Collectively, these data revealed that Pu-erh tea is rich in
many active constituents, including TF, TB, TR, gallic acid, caffeine and TP
(EGC and EC), which may exert multiple physiological benefits to improve hu-

man health.

3.2. Effect of Pu-Erh Tea on the Body Weight Gain of Obese Rats

To investigate effect of Pu-erh tea on body weight gain of obese rats, the model
obese rats were constructed ant then fed high fat diet supplemented with low,
medium and high doses of Pu-erh tea powder, respectively as described in Mate-
rials and Methods. As shown in Figure 1, as expected, the body weight of obesity
model group (MG) was significantly higher than the control group (CG) (p <
0.01), while the body weight of diet control group (DCG) decreased significantly
compared to the obesity model group(MG) (p < 0.05). For the Pu-erh tea treated
groups (PEG), low dose group showed no significant effect on the body weight
compared to the obesity model group, however, the medium and high dose
groups exhibited a remarkably reduced body weight compared to the obesity
model group (p < 0.05) (Figure 1). Moreover, it was interested to find that there
was no significant difference in total food intake among the groups with or
without Pu-erh tea treatments (Figure 1), indicating that body weight reduction
of obese rats was independently of food intake. Collectively, these findings re-
vealed that medium and high doses of Pu-erh tea treatments effectively lower

body weight gain of obese rats.
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Figure 1. Effects of Pu-erh tea on body weight and food intake of rats fed either normal
or high fat diets, all data are presented as mean + SEM. *p < 0.05, **p < 0.01; CG, control
group; MG, obesity model group; DCG, diet control group; PEG, Pu-erh tea treated
group, low, middle and high dose group from left to right.

3.3. Effect of Pu-Erh Tea on the Serum Levels of TC and TG in
Obese Rats

We further measured the levels of TC and TG, two important indexes closely re-
lated to obesity, in rats fed Pu-erh tea. As shown in Figure 2, the serum levels of
TC and TG in obesity model group were both significantly higher than those in
the control group (p < 0.01), confirming that high fatty diet can induce the levels
of TC and TG. We further showed that the levels of TC in Pu-erh tea treated
groups were significant lower than the obesity model group (p < 0.05). A signif-
icant reduction in TG levels by 20.10% and 25.62% was detected in the medium
and high dose groups compared with the obesity model group, respectively
(Figure 2(b)). These findings therefore indicated that medium and high doses of
Pu-erh tea can reduce the levels of serum TC and TG, which is consistent with
its effect on the body weight of obese rats.

3.4. Anti-Atherosclerotic Effect of Pu-Erh Tea on Obese Rats

The benefit of Pu-erh tea reducing body weight prompted us to detect its an-
ti-atherosclerotic effect. The level of HDL-C (high density lipoprotein-cholesterol),
a primary component of TC in the serum, which regarding as “good cholesterol”
in animal body was measured on obese rats after fed Pu-erh tea. It was demon-
strated that either Pu-erh tea treatments or diet control group increased serum
levels of HDL-C in obese rats. After treated with 2.5%, 5% and 7.5% of Pu-erh
tea for 6 weeks, serum levels of HDL-C increased by 27.59%, 43.68% and
62.07%, respectively (Figure 3(a)), indicating that Pu-erh tea increases the
HDL-C level of obese rats in a dose dependent manner. On the contrary, the lev-
el of LDL-C (low density lipoprotein-cholesterol), which regarding as “bad cho-
lesterol” in animal body, has been less affected by either Pu-erh tea treatments or
diet control group in obese rats.

The atherosclerotic index (AI) is formulated by international medical to
measure the atherosclerotic degree. We then compared the AI values among ob-
esity model group, diet control group and Pu-erh tea treated groups. As shown
in Figure 3(b), both diet control and Pu-erh tea treatments significantly
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Figure 2. Effects of Pu-erh tea on serum levels of total cholesterol (a) and triglycerides (b)
in obese rats, all data are presented as mean + SEM. *p < 0.05, **p < 0.01; CG, control
group; MG, obesity model group; DCG, diet control group; PEG, Pu-erh tea treated
group, low, middle and high dose group from left to right.
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Figure 3. Effects of Pu-erh tea on serum levels of HDL-C (a); LDL-C (b) and AI (¢) in
obese rats, all data are presented as mean + SEM. *p < 0.05, **p < 0.01; CG, control group;
MG, obesity model group; DCG, diet control group; PEG, Pu-erh tea treated group, low,
middle and high dose group from left to right.

decreased the AI values in the obese rats (p < 0.01). Under low, medium and
high doses Pu-erh tea treatments, the Al values were declined 57.38%, 69.20%
and 79.75% compared to control group, respectively (Figure 3(b)). Together,
these data indicated that Pu-erh tea exerts a significant function to reduce the
risk of atherosclerosis.

3.5. Antioxidant Effect of Pu-Erh Tea on Obese Rats

We further detected the antioxidant activity of the serum in rats fed Pu-erh tea.
Previous studies have reported that oxidative injuries induced by excessively
produced free radicals are protected by scavenging enzymes such as superoxide
dismutase (SOD) and glutathione peroxides (GSH-Px) in mammalians [16].
Malondialdehyde (MDA), the lipid peroxidation product, has been widely used
as a biomarker of oxidative stress. As shown in Table 3, the activities of SOD
and GSH-Px in high fat diet-induced obesity model rat group were significantly
lower whereas the levels of MDA were significantly higher compared to the con-
trol group, confirming the negative effect of high fat diet on antioxidant activity

of rats. After fed low, medium and high doses of Pu-erh tea, the activities of
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Table 3. Effects of Pu-erh tea on serum anti-oxidation of obese rats.

Group Diet Treatment SOD (U/mL) GSH-Px (U/mL) MDA (mM)
Control MO02-F None 223.1 £19.16**  2083.7 £ 132.4**  4.09 £ 0.73**
Obesity model MO04-F None 160.9 +10.28 1116.6 + 178. 4 10.53 £1.12
Diet control ~ M02-F None 218.9 £20.13** 2004.5 £ 98.3**  4.88 £ 1.04**
Pu-erh tea MO04-F  2.5% Pu-erh tea 178.8 +25.51 1986.4 + 123.5%*  5.69 £ 0.95**
Pu-erh tea MO04-F 5% Pu-erh tea 206.1 £28.26**  2129.4 +192.2%* 4.78 £ 0.86**
Pu-erh tea MO04-F 7.5% Pu-erhtea  212.7 +30.14%*  2164.5 + 201.6%*  4.46 £ 0.74**

Notes: All data are presented as mean + SEM. *p < 0.05, **p < 0.01; M02-F: Standard granule diet, M04-F:
high-fat diet.

SOD were increased by 11.10%, 28.02% and 32.15%, and the levels of GSH-Px
were also enhanced by 77.89%, 90.70% and 93.84% compared to the control
group, respectively (Table 3). Consistent with changes of antioxidant enzymes,
serum levels of MDA were significant decreased in the obese rats treated with
Pu-erh tea compared to obesity model (Table 3). Taken together, these data re-
vealed that Pu-erh tea could increase the antioxidant activity of the serum in ob-

ese rats.

4. Discussion

Nowadays, Obesity constitutes a significant public problem which is associated
with many risks including the formation of atherosclerotic plaque. Meanwhile,
with the obesity problem more and more serious consequences and taking diet
pills. Pu-erh tea, a traditional Chinese beverage, a natural product, has been
proposed to be beneficial for human health because of its unique lipid-lowering
effect and without any toxicity and side effects, which caused the extensive con-
cern of the medical profession and carried on the thorough research. In these
studies, we systematically investigated the main active constituents of Pu-erh tea
and its anti-obesity, anti-atherosclerotic and anti-oxidant effects on a high fat
diet-induced obese rat model. Our findings revealed that Pu-erh tea is rich in ac-
tive constituents, such as tea polyphenols, theaflavins, thearubigins, theabrow-
nins, gallic acid and caffeine, which exerts comprehensive anti-obesity, an-
ti-atherogenic and anti-oxidative effects in obese rats.

A number of functional compositions were known to be present in teas, in-
cluding tea polyphenols, theanine, caffeine, tea polysaccharides, vitamin C and
vitamin E, and etc., however, the exact components responsible for its function
in anti-obesity keeps unclear. Previous work suggested that the anti-obesity ef-
fects of oolong tea in high-fat diet-treated mice might be partly due to the effect
of caffeine [17]. It was demonstrated that the caffeine isolated from oolong tea
enhanced noradrenaline-induced lipolysis in fat cells and also accelerated the
hormone-induced lipolysis [17]. Another work reported that caffeine and thea-

ninein green tea were responsible for the suppressive effects on body weight in-

DOI: 10.4236/jbm.2019.72010

127 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2019.72010

C.Y. Xiong et al.

crease and fat accumulation, and catechins and caffeine were synergistic in an-
ti-obesity activities [18]. Moreover, it was found that two tea polyphenols, EGCG
and theaflavins (TF) suppress body weight by repressing the expression of fatty
acid synthase genes [19]. These findings suggested that multiple active constitu-
ents in teas may function to reduce the risk of obesity. In present work, a subset
of active constituents, including TF, TB, TR, gallic acid, caffeine and TP (EGC
and EC) was detected to be abundant in Pu-erh tea powder, which may be re-
sponsible for its function on anti-obesity, anti-atherosclerotic effects. Pu-erh tea
is post-fermented from Shai Qing Mao Cha, here we showed that the levels of tea
polyphenols such as EGC and EC were decreased whereas the level of gallic acids
was elevated in Pu-erh tea compared to Shai qing Mao Cha (Table 2), which in-
dicated that the fermentation process may largely convert the active components
of Pu-erh tea thus affect its anti-obese and anti-atherogenic activities. It would
be interested to analyze the anti-obesity and anti-atherogenic effects of Shai
Qing Mao Cha.

Previous studies have separately examined the anti-obesity, anti-atherogenic
and anti-oxidant activities of Pu-erh tea extract. It was reported that the Pu-erh
tea extract significantly suppresses weight gain of obese rats [20], lowers athe-
rosclerotic risk factors [21], and increases free radicals cavenging activity [6]. It’s
well known that atherosclerosis is an important complication of obesity [2]. In
present work, we systematically analyzed these effects of Pu-erh tea on an obese
rat model. We showed that Pu-erh tea lowers body weight gain and the levels of
serum TC and TG of obese rats in a dose dependent manner. Reduced body
weight usually contributes to reducing the risk of atherosclerosis. Consistently,
we found that Pu-erh tea treatments reduce the risk of atherosclerosis by in-
creasing the HDL-C level whereas decrease the atherosclerotic index in obese
rats. Furthermore, reactive oxygen species (ROS) have been hypothesized to play
causative role in numerous diseases including atherosclerosis [22]. Here we
showed that Pu-erh tea treatments increase the activities of anti-oxidative en-
zymes such as SOD and GSH-Px, and reduce the level of lipid peroxidation
product MDA, which indicated that Pu-erh tea may function to eliminate
over-accumulated ROS and improve oxidation states of blood lipids in obese
rats, which may ultimately reduce the risk of atherosclerotic diseases. Togeth-
er, these findings proposed that the comprehensive anti-obesity, an-
ti-atherosclerotic and anti-oxidant effects of Pu-erh tea may lie on not only its
diverse active constituents but also the interrelationships among the different

symptoms.

5. Conclusion

In conclusion, our work displayed that Pu-erh tea is rich in many active consti-
tuents, which is required for its function in anti-obesity, anti-atherosclerotic and
anti-oxidation. Our findings revealed that Pu-erh tea can be used as a promising

functional food in obesity management.
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