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Immature Persimmon (Diospyros kaki Thunb.) Ethanol Extract
Ameliorates High-Fat Diet-Induced Obesity by Modulating Lipid
Metabolism
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ABSTRACT: In this study, immature persimmon (Diospyros kaki Thunb.) ethanol extract was administered to an obese
animal model fed a high-fat diet to measure weight change, adipose tissue weight, serum lipid level, and expression level
of adipose-related genes to evaluate its efficacy. Administration of D. kaki ethanol extract (DKE) (100 and 500 mg/kg/d)
decreased the body weight gain, adipose tissue weight, and serum triglyceride levels in mice fed a high-fat diet. Further-
more, it improved the leptin and adiponectin levels in the blood as well as gene expression in the liver. It also inhibited
the expression of sterol regulatory element-binding protein-1c, inhibiting the production of triglyceride biosynthetic en-
zyme fatty acid synthesis and acetyl-CoA carboxylase, and decreased the expressions of peroxisome proliferator-activated
receptor y and CCAAT/enhancer-binding proteins that induce adipocyte differentiation. Therefore, these data suggest that
DKE exerts beneficial effects on high-fat diet-induced obesity by modulating lipid metabolism in mice fed a high-fat diet.
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INTRODUCTION

Obesity is a chronic metabolic disease caused by an im-
balance in the accumulation and consumption of exces-
sive energy; it is characterized by an increase in fat and
blood fat contents (Devlin et al., 2000; Haslam and
James, 2005). Fat accumulation is defined as an increase
in the number and size of adipocytes, and differentiated
adipocytes store fatty acids in the cytoplasm in the form
of triacylglycerol (Spiegelman and Hlier, 1996). Obesity it-
self limits activities of daily living, but the greatest con-
cern is the increased incidence of cardiovascular diseases,
such as hyperlipidemia, hypertension, and arteriosclerosis
(Kopelman and Grace, 2004; Gesta et al., 2007). Obesity
increases the amount of triglycerides and cholesterol in
the blood, leading to hyperlipidemia (Charlton, 2009),
which accumulates triglycerides in the peripheral tissues
and abdomen, thus increasing resistance to insulin, res-
piratory dysfunction, infertility, menstrual irregularities,
osteoarthritis, and cancer (Doyle et al., 2012; Buras et al.,
2019). Therefore, since obesity can cause various com-
plications, continuous management, and treatment are

necessary (Bray and Greenway, 1999). Consumption of
antiobesity foods and food ingredients may help prevent
obesity and other lifestyle-related diseases as they can
effectively reduce visceral fat mass (Saito et al., 2005).
Immature persimmon (Diospyros kaki Thunb.) has a
wide distribution in Korea, China, Japan, Brazil, Turkey,
and Italy (Itamura et al., 2005). Its fruits and leaves have
been widely used as herbal medicines (Matsuo and Ito,
1978). Consumption of ripe persimmon fruit has been
practiced for a long time; contrarily, unripe, or immature,
persimmon fruit is difficult to consume owing to its as-
tringent texture; thus, it is not valuable as food. However,
condensed tannins in unripe persimmon are known to
be effective in improving lipid metabolism (Gorinstein et
al., 1998), alcohol metabolism (Kim et al., 2001), anti-mi-
crobial properties (Harada et al., 2005), and antioxidant
properties (Lee et al., 2001); they also have high potential
to be used as functional food materials (Butt et al., 2015).
High-fat diet (HFD) has been commonly used to induce
obesity in animal models because obesity exerts the same
effect on both humans and animals (Hansen et al., 1997;
Katagiri et al., 2007). Thus, this study investigated the
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antiobesity potential of immature persimmon extract in
mice fed an HFD.

MATERIALS AND METHODS

Preparation of D. kaki ethanol extract (DKE)

Immature persimmon (D. kaki Thunb.) fruits used in this
study were harvested in Jeju Special Self-Governing Prov-
ince in August 2017. The whole fruit was washed, pulv-
erized, and freeze-dried. The freeze-dried immature per-
simmon powder was extracted with 50% ethanol (Woori
Ethanol Supplies Company) for 24 h. The resulting etha-
nol solution was filtered and then concentrated under re-
duced pressure to obtain the extract. The final yield of the
D. kaki Thunb. ethanol extract was 30% (w/w) compared
with that of the aforementioned immature persimmon
powder.

Animals

This study was approved by the Institutional Animal Care
and Use Commiittee of Jeju National University for the
efficient management and review of the ethical and sci-
entific validity of animal experiments (approval number:
2018-0043). Male 5-week-old C57BL/6 mice were sup-
plied by a central animal laboratory (Central Lab. Animal
Inc.), and the animals were sufficiently fed with solid
food and water until the day of the experiment. In addi-
tion, the mice were acclimated for 1 week while main-
taining the environment of the light-dark cycle for a tem-
perature of 22+2°C, humidity of 55+15%. After adapta-
tion, the experimental animals were divided into five
groups [normal diet (ND) group, HFD (60% kcal, Re-
search Diets, Inc.) group, positive control group (Orlistat,
30 mg/kg, Sigma-Aldrich), and DKE-administered groups
(100 and 500 mg/kg)], and food and drinking water were
given ad libitum. HFD was administered to the mice for 2
weeks, and when the average weight of over 26 g was
reached, Orlistat and the DKE were forcibly administered
orally into the stomach for 6 weeks. The dietary intake
and body weight of the mice were measured and recorded
at a fixed time each week. The food efficiency ratio (FER)
was calculated as (total weight gain/total food intake)
x100.

Lipid biochemical analysis in the serum

After the last experiment, blood was collected from the
mice through cardiac puncture, and the serum was sepa-
rated; subsequently, blood chemistry analysis was con-
ducted. The contents of total cholesterol, high-density
lipoprotein (HDL), low-density lipoprotein (LDL), and tri-
glyceride in the isolated serum were measured using a
quantitation kit (Sigma-Aldrich).

Analysis of leptin and adiponectin in the blood

Leptin and adiponectin in the isolated serum were ana-
lyzed. The diluted serum (100 pL) was dispensed into
each well, reacted at 30°C for 1~2 h, and washed twice
with a washing buffer solution. Thereafter, the antibody
avidin-horseradish peroxidase conjugate was treated and
left to stand at room temperature for 1 h and then wash-
ed again. Next, 100 uL of the 3,3’,5,5’-tetramethylbenzi-
dine substrate was dispensed into the wells and then re-
acted in the dark for 30 min. Subsequently, 50 uL of the
reaction stop solution was added, and absorbance was
measured at a 450-nm wavelength using an enzyme-link-
ed immunosorbent assay reader.

Obesity induction gene expression analysis

The gene expression patterns in liver tissues extracted
from each experimental animal were analyzed through
real-time polymerase chain reaction (PCR) amplification.
After extracting RNA from each liver tissue using the
RNAsol® (Tel-Test Inc.) solution, cDNA and real-time
PCR analyses were conducted using the KAPA SYBR®
FAST gPCR Kit (Kapa Biosystems). RNAsol” was added
to the tissue, the tissue was crushed using a homoge-
nizer, and chloroform was added to the mixture. After
centrifugation (12,000 g at 15 min), the supernatant was
recovered and mixed with 2-propanol; then, RNA was
extracted, and cDNA was synthesized. Furthermore, re-
al-time quantitative PCR was conducted using the iQ™5
Multicolor Real-Time PCR Detection System (Bio-Rad
Laboratories).

Statistical analysis

The results of each experimental group were statistically
analyzed using unpaired Student’s t-test, and significance
tests were conducted at the level of P<0.05.

RESULTS AND DISCUSSION

Effect of DKE on body and fat weights in obese mice fed
with HFD

Within the 6-week administration of DKE, a significant
increase in mice body weight was observed after 2 weeks
(Fig. 1). During the experiment, the body weight was
3.78+0.48 g in the ND group, 17.62+1.44 g in the HFD
group, 6.88+0.64 g in the positive control group, as well
as 6.91+1.97 g and 3.34+1.45 g in the DKE-administered
groups (100 and 500 mg/kg, respectively). The DKE-ad-
ministered groups had significantly decreased body weight
than the HFD group, and the high concentration of 500
mg/kg was like the ND group. Furthermore, these groups
had lower dietary efficiency than the HFD and positive
control groups. In addition, the DKE-administered groups
had similar or lower values in weight change, food intake,
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Fig. 1. Effect of Diospyros kaki ex-
tract (DKE) in high-fat diet (HFD)-
fed C57BL/6 mice for the period of
« Obesity induction. Changes in body
weight were measured and recorded
at a fixed time every week. Orlistat,
a drug designed for the treatment
of obesity, was a positive control.
Values are presented as meanzSD.
**P<0.01 and ***P<0.001 compared
with the HFD group. ND, normal diet;
DKE100, DKE 100 mg/kg: DKES500,
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and FER than the positive control group (Table 1). These
results indicate that DKE has similar efficacy to Orlistat,
a drug that suppresses fat accumulation by inhibiting the
absorption of nutrients that produce fat in the human
body (Rossner et al., 2000).

When the intake of energy is greater than the consump-
tion, excess energy accumulates as lipids, which are stored
in the liver and abdomen (Fujioka, 2002). To confirm
this, the antiobesity effect of DKE was explored by meas-
uring the weight around the liver, abdomen, and kidneys
of the mice in this animal experiment, which are pres-
ented in Table 1. The liver weight was decreased by both
the 100- and 500-mg/kg concentrations of DKE, with
the latter showing lower values than Orlistat, similar to
the change in body weight (P<0.001). DKE also signifi-
cantly inhibited the production of abdominal visceral and
perirenal fats compared with HFD (P<0.001).

Persimmon has various pharmacological activities based
on its high antioxidant effect derived from different bio-
active compounds, such as tannins (George and Redpath,
2008; Fukai et al., 2009). Immature persimmon fruit ex-
hibits astringency due to the presence of tannins called
kaki-tannin (Matsuo and Ito, 1978). Tannins have been
reported to inhibit lipid droplet formation and stimulate
lipolysis by increasing glycerol release in the 3T3-L1 adi-
pocyte (Kim et al., 2008; Shin et al., 2014). Furthermore,

DKE 500 mg/kg (n=5 mice per group).

a previous study demonstrated that supplementation with
tannins tended to decrease body weight and liver lipids
in an HFD-fed animal (Yugarani et al., 1992). Consistent
with the results of this study, the tannin of DKE was
found to reduce body weight in the experimental animals.
Moreover, gallic acid produced by alkaline hydrolysis of
tannins regulates body weight and glucose homeostasis
through AMP-activated protein kinase activation and im-
proves glucose tolerance and triglyceride concentration
in mice with diet-induced obesity (Bak et al., 2013; Doan
et al., 2015). Thus, it is suggested that the effects of DKE
on body weight reduction may partly be due to poly-
phenols such as tannins contained in DKE. However, to
elucidate the mechanism of the antiobesity action of DKE
in animal experiments, further research on the active
compounds contained in DKE is required.

Effect of DKE on blood biochemistry parameters in obese
mice fed with HFD

These results suggest that DKE has the potential to im-
prove obesity; therefore, we investigated the key down-
stream events related to lipid contents. When the
amounts of total cholesterol and triglyceride in the blood
increase, coronary artery disease occurs, which induces
insulin resistance by accumulating triglycerides in the pe-
ripheral tissues (Bressler et al., 1996). LDL plays a role

Table 1. Changes in body weight gain, food intake, food efficiency ratio, liver weight, abdominal visceral fat weight, and perirenal

fat weight in obese mice

Group ND HFD Orlistat DKE100 DKES500
Body weight gain (g/d) 3.78+0.48*** 17.62+1.44 6.88+0.64*** 6.91+1.97*** 3.34+1.45***
Food intake (g/d) 3.11£0.29 2.69+0.54 2.36+0.39 2.57+0.46 2.24+057
Food efficiency ratio 0.78+0.43*** 3.01+1.48 2.15+0.79** 2.05+0.82** 1.82+0.98***
Liver (g) 0.927+0.018 1.033+0.037 0.835+0.082** 0.786+0.067*** 0.785+0.024***
Abdominal visceral fat (g) 0.422+0.073*** 2.767%0.283 1.503+0.132*** 1.276+0.316*** 0.815+0.251***
Perirenal fat (g) 0.085+0.035*** 1.055+0.060 0.552+0.018*** 0.513+0.126*** 0.289+0.102***

Values are presented as mean+SD. **P<0.01 and ***/P<0.001 compared with the HFD group.
Body weight gain and dietary intake were expressed as daily averages. Orlistat, a drug designed for the treatment of obesity,

was a positive control.

ND, normal diet; HFD, high-fat diet; DKE100, Diospyros kaki extract 100 mg/kg: DKES00, D. kaki extract 500 mg/kg (n=5 mice

per group).
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in the transportation of cholesterol from the liver to the
peripheral tissues, and high LDL-cholesterol (LDL-C) in
the blood accumulates cholesterol in the coronary artery
wall. In this study, the content of LDL-C in the blood was
suppressed in the DKE-administered groups compared
with the HFD group, but no significant results were ob-
served (Fig. 2A). However, the triglyceride content was
significantly lower in the DKE-administered groups than
in the HFD group (P<0.05; Fig. 2B). In addition, the cho-
lesterol (P<0.05) and HDL-cholesterol (HDL-C) (P<
0.01) contents were significantly decreased in the DKE-
administered group (500 mg/kg) than in the HFD group
(Fig. 2C and 2D). In general, obese mice exhibit increased
total cholesterol, LDL-C, and triglyceride concentrations
and decreased HDL-C concentrations in the blood. How-
ever, recent studies have reported increased HDL-C con-
centration in the blood of obese mice (Williams et al.,
2014; Ivanovic et al., 2015; Kim et al., 2016; Karandrea
et al., 2017; Sun et al., 2017; Smoczek et al., 2020). Most
of the extracts with antiobesity effects decrease body
weight and total cholesterol, triglyceride, and LDL-C con-
centrations and increase HDL-C concentration. Never-
theless, consumption of methionine, conjugated linoleic
acid, policosanol, or raw food, which exerts antiobesity
effects like DKE, was found to reduce HDL-C concentra-
tion in the blood (Koebnick et al., 2005; Salas-Salvadé et
al., 2006; Wendland et al., 2006; Velez-Carrasco et al.,
2008; Yanai et al., 2015). Furthermore, changing food
intake from a high-fat to a very-low-fat liquid formula
diet, from a fixed 40% fat to polyunsaturated/saturated
fat, or from a Western to a plant-based diet reduces HDL~
C concentration in the blood (Shepherd et al., 1980;
Nestel et al., 1981; Brinton et al., 1990; Mensink et al.,

b~
(v 9]

2003; Kent et al., 2013; Elliott et al., 2022). Previous
studies have shown that the rate of mortality from heart
disease and stroke increases when the HDL-C concen-
tration in the blood of male and female is higher than 97
and 116 mg/dL, respectively, and HDL-C, which exerts
an immunomodulatory effect, plays a role in redistribut-
ing a large amount of cholesterol, but when HDL is dys-
functional, results in loss of antiviral and antibacterial
functions (Madsen et al., 2017). In addition, although the
HDL-C concentration in the blood was high, the results
indicated that if the LDL-C concentration was not re-
duced, heart disease could not be prevented (Madsen et
al., 2018). That is, if the HDL-C concentration in the
blood is excessively high, the mortality rate paradoxically
increases; thus, it is more effective to reduce the choles-
terol, triglyceride, and LDL-C concentrations while main-
taining a certain level of HDL-C.

Effect of DKE on leptin and adiponectin in obese mice fed
with HFD

Leptin secreted from adipocytes is a hormone that regu-
lates appetite suppression and energy metabolism (Fried-
man and Halaas, 1998). It is known to be an indicator of
body fat mass, and it has increased secretion in individ-
uals with obesity (Gil et al., 2008). Contrarily, adipo-
nectin, a hormone that inhibits inflammation and pro-
motes insulin sensitivity, has decreased concentration in
the blood of individuals with obesity (Gil et al., 2008).
Obesity is not simply a matter of increasing body weight
and adipose tissue but is a chronic metabolic disease
that affects systemic function. Among various symptoms
caused by obesity, nonalcoholic fatty liver disease causes
liver damage (Younossi et al., 2016). Obesity is often ac-

Fig. 2. Effect of Diospyros kaki ex-
tract (DKE) on blood biochemistry
parameters in high-fat diet (HFD)-
fed obese mice. Lipid biochemical
analysis was conducted on the se-
rum isolated from each experimen-
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control. Values are presented as
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companied by a lipid metabolism disorder in the liver,
which leads to liver damage due to lipid accumulation
(Wu et al.,, 2020). Therefore, this study focused on obe-
sity as a systemic disease and confirmed the expressions
of genes related to adipocytes and lipid metabolism in the
liver tissue. Compared with HFD, the leptin content in
the blood of mice was significantly suppressed by the ad-
ministration of DKE (100 and 500 mg/kg) (P<0.01 and
P<0.001, respectively; Fig. 3A). The results of the gene
expression analysis indicated that the leptin content in
the liver of mice was increased in the HFD group but was
significantly decreased in the DKE-administered groups
(Fig. 3B). Furthermore, the adiponectin content in the
blood of mice was significantly increased by the admin-
istration of DKE compared with HFD, but no significant
differences were observed (Fig. 3C). However, the results
of the gene expression analysis indicated increased adi-
ponectin levels in the liver of mice in the DKE-adminis-
tered groups (Fig. 3D).

Effect of DKE on gene mRNA expression in the liver of
obese mice fed with HFD

Obesity is caused by the differentiation of fat cells and
synthesis of fatty acids and cholesterol in the human body
(Spiegelman and Flier, 1996; Jakab et al., 2021). The ma-
jor lipid-producing transcriptional regulators are mem-
bers of the CCAAT/enhancer-binding protein (C/EBP)
family and peroxisome proliferator-activated receptor y
(PPARy) (Rosen and Spiegelman, 2000; Payne et al., 2009;
Oh et al., 2019). They act synergistically to induce obesity
by expressing C/EBPo, PPARy, and sterol regulatory ele-
ment-binding protein-1c (SREBP-1c) (Kim and Spiegel-
man, 1996; Payne et al., 2009). Previous studies have de-

monstrated that PPARy is necessary and sufficient to
promote adipogenesis and that C/EBPa is influential in
maintaining its expression (Barak et al., 1999; Wu et al.,
1999; Wafer et al.,, 2017). Compared with HFD, the
mRNA expressions of PPARy and C/EBPs in the liver tis-
sue of mice was suppressed by the administration of DKE,
and significant differences were observed (Fig. 4A~4C).

In the lipid synthesis process, the enzymes affecting the
conversion to triglycerides are fatty acid synthesis (FAS)
and acetyl-CoA carboxylase (ACC), and their expression
is regulated by SREBP-1c acting as a transcription factor
(Shimano, 2001). To confirm the correlation between
these enzymes, the effect of DKE on the expression of
obesity-related genes in the liver tissue was evaluated.
The results indicated that the expression of SREBP-1c in
the DKE-administered group was significantly decreased
compared with the HFD group (Fig. 4D). The FAS and
ACC gene expressions were also decreased in a concen-
tration-dependent manner (Fig. 4E and 4F), suggesting
that it is involved in the accumulation of lipids in the
liver tissue of mice with HFD-induced obesity. Because
overexpression of FAS contributes to the development
of obesity and chronic fatty liver disease (Wueest et al.,
2010), the reduction of FAS and ACC caused by the DKE
administration is thought to inhibit fat accumulation in
the liver. Thus, it was suggested that DKE decreased the
expression of SREBP-1¢, inhibiting the production of FAS
and ACC and reducing the expressions of PPARy and
C/EBPs. These results indicate that immature persimmon
exerts antiobesity effects by inhibiting the expressions of
enzymes involved in lipid synthesis and adipocyte differ-
entiation.

In conclusion, in HFD-fed mice, immature persimmon
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Fig. 4. Effect of Diospyros kaki extract (DKE) on the gene mRNA expression in the liver of high-fat diet (HFD)-fed obese mice.
The gene expression patterns in the liver tissues extracted from each experimental animal were analyzed through real-time poly-
merase chain reaction amplification. The gene mRNA expressions in the liver of (A) PPARy, (B) C/EBPq, (C) C/EBPB, (D) SREBP-1c,
(E) FAS, and (F) ACC were investigated. Orlistat, a drug designed for the treatment of obesity, was a positive control. Values are
presented as meanzSD. *P<0.05, **P<0.01, and ***P<0.001 compared with the HFD group. ND, normal diet: DKE100, DKE 100
mg/kg: DKE500, DKE 500 mg/kg (n=5 mice per group). GAPDH, glyceraldehyde 3-phosphate dehydrogenase.

reduced the body weight gain, adipose tissue weight, and
serum triglyceride level. Furthermore, it decreased the ex-
pressions of genes involved in lipid biosynthesis and adi-
pocyte differentiation by acting as a drug designed for the
treatment of obesity. Therefore, extracts from natural re-
sources like unripe persimmon are considered suitable for
preventing or improving obesity through lipid metabo-
lism modulation.
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