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ORIGINAL

Kamikihito contributes to visceral fat reduction and appetite
suppression in PCOS model rats by increasing OTR and
leptin expression in visceral fat
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Abstract : Polycystic ovary syndrome (PCOS) is an endocrine disorder that causes infertility as well as obesity.
Oxytocin (OT), a neuropeptide involved in appetite and fat metabolism, may be therapeutically beneficial for
PCOS. Kamikihito (KKT), a traditional Japanese herbal medicine of Chinese origin, has been shown to up-regu-
late the expression of OT in the hypothalamus and exert various physiological effects. The present study investi-
gated the anti-obesity effects of KKT in relation to OT using a PCOS model rat. Female rats were implanted with
dihydrotestosterone to induce PCOS and divided into a normal food group (NF group) and food containing KKT
group (KF group). After surgery, rats were fed normal food for four weeks, followed by food containing 3% KKT
for another four weeks. The anti-obesity effects and impact on the ovarian morphology of KKT in PCOS were
examined. KKT supplementation reduced food intake, the size of visceral adipocytes, and ovarian weight. The
KF group showed increased mRNA expression levels of OT receptors (OTR) and leptin in visceral fat and slightly
increased serum levels of OT and leptin. These results suggest the potential of KKT as a therapeutic agent for
PCOS, potentially through effects on OT and leptin signaling pathways. J. Med. Invest. 72:316-323, August, 2025
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INTRODUCTION

The epidemiology of polycystic ovary syndrome (PCOS), an
endocrine disorder, remains unclear ; however, it is often detect-
ed in women of reproductive age (1). In addition to the clinical
issue of infertility due to ovulation disorders, the risk of obesity
and other metabolic abnormalities is increased in patients with
PCOS (2, 3). Furthermore, obesity worsens the reproductive
and metabolic phenotypes of PCOS, and even though physicians
provide lifestyle guidance and other treatments, the dropout rate
is high (4, 5). Therefore, the development of a continuable drug
with fewer side effects is desired. The latest PCOS model rat was
created and reported in our previous study (6). Serum oxytocin
(OT) levels were reduced in the PCOS model rat and the periph-
eral administration of OT attenuated obesity (7, 8).

Oxytocin (OT) is a neuropeptide consisting of 9 amino acids.
It is synthesized by the paraventricular nucleus (PVN) and
supraoptic nucleus in the hypothalamus. Upon synthesis, OT
is released from the posterior lobe of the pituitary gland (9). OT
has been shown to contribute to appetite and BW control (10) as
well as to fat burning in peripheral tissues (11). We previously
reported that obesity was associated with sex hormones and
OT and showed a relationship between obesity and decreased
endogenous OT in a PCOS model rat, in addition to decreased
estrogen in female rats and decreased testosterone in male rats
(7, 8, 12-14). The administration of OT was found to reduce food
intake (FI) and/or body weight (BW) and promote p-oxidation
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and lipolysis in the fat tissue of rodents (15, 16), monkeys (17),
and humans (18, 19), and these effects were more prominent in
obese subjects. As described above, OT has potential as a thera-
peutic candidate for PCOS (7, 8) ; however, an oral drug has not
yet been developed. In addition, since OT is a well-known sub-
stance, it is difficult for patents to be newly granted ; therefore,
companies are reluctant to devote resources to its development.

Kamikihito (KKT), a traditional Japanese herbal medicine
(Kampo) of Chinese origin, comprises 14 medicinal plants. It has
been used to treat anemia, insomnia, fatigue, loss of appetite,
and mental anxiety and is often prescribed in clinical settings
to women going through menopause. In addition to perimeno-
pausal women, KKT was shown to be effective against fatigue
in patients receiving anticancer drugs for renal and prostate
cancer (20). KKT has also been reported to exert protective
effects against behavioral changes in a rat model of depression
(21). Furthermore, KK'T was found to up-regulate the expression
of OT in the rat hypothalamic PVN and acted directly on OT
receptors (OTR), which have been reported to exert anti-stress
effects (22). Furthermore, it is reported that this action is due to
the three herbal medicines (jujube seed, Japanese Angelica root,
and Ginger root) contained in KKT that activate OT neurons by
activating the OTR in the PVN (23). These findings on KKT,
which have recently expanded the scope of its use from admin-
istration to perimenopausal women, are of interest, particularly
its effects on the central nervous system.

KKT, which activate OT neurons in PVN (22, 23), has been
suggested to exert protective effects against obesity in the PCOS
model rat with reduced endogenous OT levels. Therefore, the
dietetic effects of KKT on PCOS were investigated using the
PCOS model rat.
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MATERIAL AND METHODS

Animals and drugs

Female Wistar rats at three weeks of age were obtained from
The Jackson Laboratory Japan (Kanagawa, Japan). The rats
were fed freely with normal food with trade name MF (Orient
Yeast Co., Litd., Tokyo, Japan) and water. They were kept in an
environment where water and food were freely available, room
temperature was 24°C, and the light/dark cycle was maintained
every 12 hours (lights on at 8:00 am and lights off at 8:00 pm).
Surgical procedures and tissue sampling were conducted under
anesthesia using sevoflurane, along with a combination of mede-
tomidine, midazolam, and butorphanol (doses : 0.15, 2.00, and
2.50 mg/kg, respectively). The Animal Care and Use Committee
of Tokushima University approved all experimental protocols
and methods, which adhered to the ARRIVE guidelines (Ap-
proval Code : T2022-102. Approval Date : May 11th, 2021).

At the age of four weeks, female rats were subjected to im-
plantation of a specifically designed silicon tube (provided by As
One Co., Ltd., Tokyo, Japan) with precise dimensions. The inner
diameter of the tube was 3 mm, the outer diameter was 5 mm,
and the filling section was 10 mm. This implantation procedure
involved the use of the silicon tube filled with diluted dihydrotes-
tosterone (DHT) to effectively induce the PCOS model (6). This
day was designated as Day 0. DHT was dissolved in peanut oil at
20% ethanol concentration to reach 16 mg/mL. The PCOS model
rats were studied in two groups, a normal food group (NF group,
n=2_8) and a group receiving food containing KKT (KF group,
n = 8). Body weight (BW) and food intake (FI) were measured
until the rats reached 8 weeks of age. Additionally, starting
from 3 weeks after surgery (at 7 weeks of age), representative
PCOS model rats underwent daily collection of vaginal epithelial
smears over a 10-day period to evaluate estrous cyclicity. Vaginal
smears were collected by inserting the tip of a glass pipette about
5 mm into the vulva and letting water in and out. Subsequently,
water from the collected vaginal smears was gently dropped onto
glass slides, air-dried, Giemsa stained, and used to determine
the stage of the estrus cycle—proestrus, estrus, metestrus, and
diestrus.

Food containing KKT was prepared by a company that pro-
duces the normal food used in the present study, as previously
described, and had a solid shape for rodents at a concentration
of 3% KKT (24). KKT was provided by Tsumura & Co, Tokyo,
Japan. Ingredients required to make 5.0 g of dry KKT are As-
tragalus root (3.0g, Astragalus membranaceus Bunge), Bupleurum
root (3.0g, Bupleurum falcatum 1..), jujube seed (3.0g, Zizyphus jujuba
var. spinosa (Bunge) Hu ex H. F. Chow), Atractylodes Lancea rhizome
(3.0g, Atractylodes japonica Koidz. ex Kitam.), Ginseng root (3.0g,
Panax ginseng C. A. Mey.), Poria strain (3.0g, Pinus densiflora Sie-
bold & Zucc.), Longan aril (3.0g, Euphoria longana Lam.), Polygala
root (2.0g, Polygala tenuifolia Willd.), Gardenia fruit (2.0g, Gardenia
Jasminoides J. Ellis), jujube fruit (2.0g, Ziziphus jujuba var. inermis
(Bunge) Rehder), Japanese Angelica root (2.0g, Angelica acutiloba
(Siebold & Zucc.) Kitag.), Glycyrrhiza root (1.0g, Glycyrrhiza uralen-
sis Fisch.), Ginger root (1.0g, Zingiber officinale Roscoe), Saussurea
root (1.0g, Saussurea lappa (Decne.) C. B. Clarke). These plants
were identified on “World Flora Online” (www.worldfloraonline.
org) or MPNS (http://mpns.kew.org). After 8 weeks of age, the
NF group was fed normal food and the KF group was fed food
containing KKT, and their BW and FI were measured until 12
weeks of age. In addition, the ratio of BW gain efficiency, calcu-
lated as total weight gain from Days 0 to 28 and from Days 28
to 56 divided by the respective cumulative FI, was measured in
both groups.
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Tissue sampling and processing

At 12 weeks of age, all rats were euthanized by decapitation,
and various tissues were collected, including blood, brain, left
ovary, and visceral and subcutaneous fat. The weights of the
parametrial and perirenal deposits (visceral fat), inguinal de-
posit (subcutaneous fat), and the left ovary were recorded. After
excision, each fat sample was immediately weighed, and small
samples were obtained for further analysis. For histological
examination, visceral fat, subcutaneous fat, and the left ovary
were fixed in a 4% paraformaldehyde solution. Frozen brain and
visceral fat samples were used for central and peripheral mRNA
assays, respectively. Whole blood was centrifuged at 3000 rpm
and 4°C for a duration of 20 minutes, and serum was collected
and stored at -20°C for analysis of oxytocin (OT) and leptin
concentrations.

Histological analysis

Fat and the left ovary samples were embedded in paraffin
and subjected to hematoxylin and eosin staining. Histological
images were captured and analysis was performed using cellS-
ens Standard (Olympus., Co., Tokyo, Japan). About 80-100 adi-
pocytes per sample were selected that maintained their shape,
and their average area was calculated. Additionally, the number
of abnormal follicles in the left ovary was quantified. Abnormal
follicles were identified as those exhibiting enlargement and
thinning of the granulosa cell layer.

Biochemical examination

Isolated serums were aliquoted in 300 uL portions. Measure-
ment of oxytocin in serum was performed by ASKA Pharma-
ceutical Medical Inc. (Kanagawa, Japan), and measurement of
leptin was performed by Oriental Yeast, Co. (Tokyo, Japan).

Real-time polymerase chain reaction (PCR)

mRNA expression levels were analyzed in both hypothalamic
and fat samples. Extraction of mRNA was performed using the
RNeasy Mini Kit (Qiage, Hilden, Germany). Conversion of the
resulting mRNA to cDNA was performed using the SuperScript
IIT First-Strand Synthesis System (Invitrogen Co., Life Technol-
ogies Japan Ltd., Tokyo, Japan). The cDNA was amplified and
measured by PCR using Fast SYBR® green (Invitrogen Co.).

The mRNA expression levels of OT, OT receptors (OTR),
leptin receptors (ObRb), neuropeptide Y (NPY), and pro-opiome-
lanocortin (POMC) in hypothalamus and OTR and leptin in
visceral fat were measured. The expression levels were normal-
ized using GAPDH as the reference gene for the hypothalamus
and 18S rRNA as the reference gene for visceral fat. The primer
sequences and directions used in the present study are summa-
rized in Table 1.

Statistical analysis

The results are presented as means =+ standard error of the
mean (SEM). Student’s t-test was used for statistical analysis
between the two items. A two-way repeated measures analysis of
variance (ANOVA) was used for statistical analysis of the chang-
es in BW and FI in the observation period. A significance level of
P < 0.05 was used to determine statistical significance.

RESULT
Changes in BW and FI before and after the addition of KKT to food

BW was slightly lower in the KF group than in the NF group
after the start of KKT administration (Figure 1A). Weekly
FI was lower in the KF group than in the NF group, and was
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significantly lower for the first week after the addition of KKT
(the Student’s r-test : p <0.05; df = 14, t = 2.703 ; Figure 1B).
Cumulative FI was significantly lower in the KF group than in
the NF group after the addition of KKT (two-way ANOVA : treat-
ment, F (1, 56) =11.021, p <0.01 ; Day, F (3, 56) = 1055.568, p
< 0.001 ; interaction, F (4, 56) =0.154, p=0.9260 ; Figure 2A).
There were no significant differences observed in BW gain ef-
ficiency rates on Days 0-28 (without KKT) or Days 28-56 (with
KKT) between the NF and KF groups (Figure 2B).

Comparison of body fat, ovarian weight, and the reproductive phe-
notype with or without KKT

No significant differences were noted in visceral, subcutane-
ous, or total fat weight between the KF and NK groups (Figure
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3A). On the other hand, the size of visceral adipocytes was
significantly smaller in the KF group than in the NF group (the
Student’s r-test : p <0.01 ; df = 14, t = 4.356), whereas that of sub-
cutaneous adipocytes did not significantly differ (Figure 3B, 3C).
Ovarian weight was significantly lower in the KF group than in
the NF group (the Student’s #-test : p <0.01 ; df = 14, t = 3.054),
while the number of abnormal follicles was slightly smaller in
the KF group than in the NF group (Figure 4A). The estrus
cycle was examined using vaginal smear findings starting at 7
weeks of age to establish whether they exhibited a reproductive
phenotype similar to PCOS. The typical normal female rat has
an estrus cycle of 4-5 days ; however, representative cases had
irregular sexual cycles, reflecting the clinical picture of PCOS
(Figure 4B, 4C).

Table 1. Primer sequences and directions
Primer Sequence Direction
coci GAACACCAACGCCATGGCCTGCCC Sense
orytoem TCGGTGCGGCAGCCATCCGGGCTA Antisense
. CGATTGCTGGGCGGTCTT Sense
oxytocin receptor
CCGCCGCTGCCGTCTTGA Antisense
lenti GGTCACCGGTTTGGACTTCAT Sense
eptin
P CTGGTCCATCTTGGACAAACTCA Antisense
ObRb GCAGCTATGGTCTCACTTCTTTTG Sense
GTTCCCTGGGTGCTCTGA Antisense
NPY GGGGCTGTGTGGACTGACCCT Sense
GATGTAGTGTCGCAGAGCGGAG Antisense
POMC CCTCACCACGGAAAGCA Sense
TCAAGGGCTGTTCATCTCC Antisense
ATGGCACAGTCAAGGCTGAGA Sense
GAPDH
CGCTCCTGGAAGATGGTGAT Antisense
GACGGACCAGAGCGAAAGC Sense
18S rRNA
AACCTCCGACTTTCGTTCTTGA Antisense
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Fig 1. Weekly (A) body weight and (B) food intake in NF and KF groups. Starting on Day 28, the diet was switched

to a food containing kamikihito in the KF group. *P <0.05, **P <0.01.
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was significantly higher in the KF group than in the NF group
(the Student’s -test : p <0.01; df =14, t =-3.123), as was the

There were no significant differences observed in the hypo- expression level of leptin (the Student’s r-test: p <0.01; df =14,
thalamic mRNA expression levels of OT, OTR, ObRb, NPY, or t=-3.652; Figure 5B). Serum OT and leptin levels were slightly
POMC, whereas those of OT was slightly higher in the KF group  higher in the KF group than in the NF group (Figure 5C).
(Figure 5A). The visceral fat mRNA expression level of OTR

Real-time PCR and serum biochemical analyses of appetite control
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Fig 2. (A) Cumulative food intake and (B) the body weight gain efficiency (the amount of weight gain divided by
the amount of food intake) rate from Day 0 to Day 28 (normal food) and from Day 28 to Day 56 (switched to a food
containing kamikihito in the KF group) in NF and KF groups. *P <0.05, **P <0.01.
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DISCUSSION

PCOS is an endocrine disorder with the clinical issue of infer-
tility and an increased risk of obesity that is often observed in
women of reproductive age (1-3). The latest PCOS model rat was
created in our previous study (6) and we showed that its serum
OT level was reduced and also that the administration of OT was
expected to attenuate obesity (8). However, this study was limit-
ed by the lack of oral OT drugs. In clinical practice, OT is used as
an intravenous drug to manage pregnancy, and nasal drops are
used to treat autism. When OT is used for anti-obesity prophy-
laxis, an oral formulation would be more appropriate, but no oral
OT regimen has been developed. Therefore, we decided to focus
on KKT as an agent that enhances endogenous OT rather than
administering OT externally. KKT has been shown to up-reg-
ulate the expression of OT, act directly on OTR in the PVN of
rats, and decrease psychological stress (22, 23). Therefore, KKT,
which increases endogenous OT levels, is expected to attenuate
obesity in PCOS model rats with reduced endogenous OT.

The administration of KKT did not or only slightly affected
BW changes. On the other hand, cumulative FI was signifi-
cantly decreased by the administration of KKT, while BW gain
efficiency did not significantly differ in the NF and KF groups.
These results suggest that KKT exerted mild anti-obesity effects
by decreasing FI in PCOS model rats without affecting nutrient
absorption. In the preliminary experiment in the previous study,
KKT did not affect BW gain or FI in normal healthy female rats
(24). Therefore, the present study showed that KKT does not
generally affect FI or BW in normal healthy female rats, but
exerts selective therapeutic effects on PCOS, which is associated
with obesity.

In the present study, visceral and subcutaneous fat weights
did not significantly differ between the NF and KF groups,
whereas the size of visceral adipocytes was smaller in latter than
in the former. Although there was a discrepancy between fat
weight and the size of adipocytes, this appeared to be due to the
manual measurement of weight, which has a large error mar-
gin, with the evaluation of adipocyte sizes being more accurate,
which was also the case in our previous study (14). Regarding
the size of adipocytes, KKT may selectively contribute to the
combustion of visceral fat among body fat.

Ovarian weight was significantly smaller in the KF group
than in the NF group. This result may be related to the abnor-
mal follicle count being slightly lower in the KF group than in the
NF group, with no other difference in pathology, and the under-
lying cause remains unclear. Although a study on changes in the
sexual cycle with or without KKT may support this result, the
vaginal smear collection procedure itself was not performed on
PCOS model rats in the present study because it was considered
to be stressful and may have had a negative effect on BW and
FI. Therefore, the present study only showed the estrus cycle by
a vaginal smear performed on PCOS model rats created under
the same conditions, but not used in this study. The relationship
between KKT and the estrus cycle needs to be investigated in
another experimental system, which has not yet been performed
due to the limited amount of feed available ; however, it will be
the subject of a future study.

Serum OT levels were expected to be increased by KKT,
and only a slight elevation was noted. Similarly, we anticipated
increases in the hypothalamic mRNA expression levels of OT
and/or OTR by KKT ; however, no significant differences were
observed. The oral administration of KKT has been shown to
increase c-fos expression in OT neurons in PVN, and KKT has
been reported to pass through the blood-brain barrier to the
hypothalamus upon oral intake (23). Nevertheless, the reason
for the lack of significant differences in the hypothalamic mRNA
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expression levels of OT and OTR in the present study may be
that KKT did not function well due to the unknown pathology
of PCOS or that the amount of KKT ingested was insufficient.
In addition, it may be difficult to obtain the elevated effect of
oxytocin in Kamikichito because serum oxytocin levels are re-
duced in the PCOS model rats (8). Alternatively, due to technical
limitations in the present study, the PVN was not specifically
selected when the hypothalamus was excised from the brain,
and it is possible that subtle changes in OT and OTR were not
detected. On the other hand, the mRNA expression level of OTR
in visceral fat was markedly elevated in the KF group. Previous
studies reported that OT increased adipose tissue lipolysis and
fatty acid B-oxidation (11, 25), and the significant reduction noted
in the size of visceral adipocytes with KKT in the present study
may have been due to the enhanced fat-burning effects of OT due
to an increase in the mRNA expression level of OTR in visceral
fat. A previous study reported that jujube fruit, Japanese An-
gelica root, and ginger root in KKT contributed to the stability
of OTR in PVN OT neurons and enhanced the effects of OTR
(23). On the other hand, KKT has not been reported to affect
OTR of visceral fat. Although the underlying pharmacological
mechanisms were not elucidated in the present study, KK'T may
exert the same effects on OTR of visceral fat as it does on OTR of
the PVN. Furthermore, PCOS is often associated with impaired
glucose tolerance (3), and is also a chronic inflammatory disease
with elevated C-Reactive Protein levels and increased number of
leukocytes (26), which is mainly caused by increased production
of inflammatory cytokines in visceral fat (27, 28). Although the
present study did not evaluate the effects of KKT on glucose tol-
erance and inflammation, since OTR promotes insulin secretion
from pancreatic f-cells (29) and has anti-inflammatory effects
(30), the OTR-mediated effects of KKT on glucose tolerance and
inflammation should be investigated in future studies. This is
because KKT-induced upregulation of OTR mRNA expression
in visceral fat may contribute to anti-inflammatory effects and
improve insulin resistance.

Leptin is a product of the obese (0b) gene, is secreted from
adipocytes, is 16 kDa in size, and comprises 167 amino acids (31,
32). It is involved in appetite, weight regulation, fetal growth,
inflammatory immune functions, angiogenesis, and fat burning
(33, 34). In the appetite center, ObRb is expressed in the PVN
and leptin is a molecule upstream of OT (35). Furthermore,
leptin increases the transcription of POMC and decreases that
of NPY in the hypothalamic arcuate nucleus, leading to appetite
suppression (36-38). In the present study, no significant differ-
ences were observed in the mRNA expression levels of ObRb,
NPY, or POMC in the hypothalamus between the NF and KF
groups. On the other hand, the mRNA expression level of leptin
in visceral fat markedly increased in the KF group, whereas
serum leptin levels were only slightly elevated. These results
suggest that KKT exerted mild effects on serum leptin levels,
and when used in combination with OT, which also suppresses
appetite, KKT contributed to a significant decrease in cumula-
tive FI in the KF group.

In the present study, the direct effects of the administration of
KKT on the hypothalamus, the appetite center, in PCOS model
rats remain unclear. On the other hand, there was a significant
increase in the mRNA expression levels of OTR and leptin in
visceral fat. These results suggest that KKT directly exerted
fat-burning effects on visceral fat through OT and OTR in the
PCOS model rat. Alternatively, KK'T may have reduced visceral
fat by decreasing food intake in PCOS model rats, contributing
to increased mRNA expression of OTR. In other words, KKT
may contribute to OTR stability not only in the hypothalamus
but also in peripheral tissue. Furthermore, KK'T may have indi-
rect appetite suppression effects on the hypothalamus through
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leptin. As described above, there are currently no oral OT
drugs ; in the PCOS model rat, KKT has potential as an oral
drug related to OT because of its anti-obesity effects through OT
and leptin.

However, as a limitation of the study, this experiment was
conducted with KKT mixed in the food, which is different from
the oral administration method in actual clinical practice. To ap-
proximate the real clinical situation, KK'T could be administered
orally several times a day, but it would not be possible to avoid
the effects of stress caused by frequent handling, which would
result in decreased body weight and food intake. Therefore,
the method used in the present study may be a limitation for
research on items that are sensitive to the effects of stress, as in
the present study.
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