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ABSTRACT

Estrogen depletion leads to menopause-associated depression. Pueraria mirifica (PM) contains phytoestrogen that has
been used for rejuvenating in aged women. Therefore, this study aimed to investigate the effect of PM on depression-like
behavior, density of tryptophan hydroxylase immunoreactive (TPH-ir) neurons and intensity of estrogen receptor o (ERa)
and B (ERP) in dorsal raphe nucleus (DRN) in ovariectomized (OVX) mice. Adult female IRC mice were divided into 7
groups: (1) Sham-operates (SHAM), (2) OVX and distilled water treated (PMO), (3) OVX and 40 pg/kg estradiol benzoate
treated (E40), OVX and ethanolic extract of PM treated for 90 days at various doses (4) 25 mg/kg (PM25), (5) 50 mg/kg
(PM50), (6) 100 mg/kg (PM100) and (7) OVX and 20 mg/kg fluoxetine treated for 20 days. The duration of immobility in
both the FST and TST significantly prolonged in the PMO group and significantly shortened in the E40, PM50, PM 100, and
fluoxetine groups (p<0.05). The density of TPH-ir neurons in the DRN was significantly reduced in PMO and significantly
increased in the E40, PM25, PM50, PM100, and fluoxetine (p<0.05). The ER3 immunoreactivity (ERB-ir) was much
stronger than the ERa immunoreactivity (ERa -ir). However, the intensity of the ERa-ir and ERB-ir was significantly
decreased in the PMO and PM25 groups and significantly increased in the E40, PM50, PM 100, and fluoxetine (p<0.05).
Therefore, we suggested that subchronic treatments with 50 mg/kg and 100 mg/kg of PM played an effective role in
improvement of depression by stimulating TPH via ERp.

Keywords: Depression-like behavior screening test; estrogen receptors; ovariectomy; Pueraria mirifica; tryptophan
hydroxylase

ABSTRAK

Kekurangan estrogen membawa kepada kemurungan yang berkaitan dengan menopaus. Pueraria mirifica(PM) mengandungi
fitoestrogen yang telah digunakan untuk meremajakan wanita berumur. Oleh itu, penyelidikan ini bertujuan untuk mengkaji
kesan PM terhadap tingkah laku seperti kemurungan, ketumpatan neuron triptofan hidroksilase imunoreaktif (TPH-ir) dan
keamatan reseptor estrogen o (ERa) dan B (ERP) dalam nukleus raphe dorsal (DRN) pada tikus terovariektomi (OVX).
Tikus IRC betina dewasa dibahagikan kepada 7 kumpulan: (1) dioperasikan Sham (SHAM), (2) OVX dan air suling terawat
(PMO), (3) OVX dan 40 pg/kg estradiol benzoat terawat (E40), OVX dan ekstrak etanol PM terawat selama 90 hari pada
pelbagai dos (4) 25 mg/kg (PM25), (5) 50 mg/kg (PM50), (6) 100 mg/kg (PM100), dan (7) OVX dan 20 mg/kg fluoxetin
terawat selama 20 hari. Tempoh imobiliti dalam kedua-dua FST dan TST berpanjangan dengan ketara dalam kumpulan
PMO dan dipendekkan dengan ketara dalam kumpulan E40, PM50, PM100 dan fluoxetin (p<0.05). Ketumpatan neuron
TPH-ir dalam DRN berkurang dengan ketara dalam PMO dan meningkat dengan ketara dalam E40, PM25, PM50, PM100
dan fluoxetin (p<0.05). Imunoreaktiviti ERB (ERa -ir) adalah lebih kuat daripada imunoreaktiviti ERa (ERa -ir). Walau
bagaimanapun, keamatan ERa-ir dan ERB-ir telah menurun dengan ketara dalam kumpulan PMO0 dan PM25 dan meningkat
dengan ketara dalam E40, PM50, PM100 dan fluoxetin (p<0.05). Oleh itu, kami mencadangkan bahawa rawatan subkronik
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dengan 50 mg/kg dan 100 mg/kg PM memainkan peranan yang berkesan dalam penambahbaikan kemurungan dengan

merangsang TPH melalui ERp.

Kata kunci: Ovariektomi; Pueraria mirifica; reseptor estrogen; triptofan hidroksilase; ujian saringan tingkah laku seperti

kemurungan

INTRODUCTION

Depression is a common mental disorder that results in a
persistent feeling of sadness and loss of interest. Moreover,
depression is aleading cause of disability worldwide and can
lead to suicide attempts. It is well known that more women
are affected by depression than men. Depression in women
occurs at the time of hormone flux such as premenstrual,
postnatal, perimenopausal, and postmenopausal depression.
These are called reproductive depression. Treatment with
estrogen is very effective for reproductive depression
(Studd 2020). However, long-term use of estrogen therapy
leads to greater clinical risks and side effects (Grady et al.
2000). Therefore, phytoestrogen is preferred as a natural
alternative in therapy. With crucial function in depression,
the neurotransmitter serotonin (5-hydroxytryptamine,
SHT) is primarily released by the raphe nuclei. The main
serotonin production is sourced by these raphe nuclei
that are further classified into rostral and caudal groups.
The largest population of serotonin neurons in the brain
owns the rostral group, precisely with the dorsal raphe
nucleus (DRN) (Hornung 2003). While ovarian hormones
influence numerous factors regulating serotonin synthesis
and serotonin levels in the central nervous system, estrogen
enhances serotonergic transmission by increasing serotonin
synthesis or reducing serotonin reuptake and therefore
improves depressive symptoms. Ovarian hormones also
stimulate the production of tryptophan hydroxylase (TPH)
which is an enzyme involved in the synthesis of serotonin
and decreases serotonin reuptake transporter (SERT)
mRNA expression in raphe nuclei (Bethea et al. 1998). In
further studies, the beta subtype of estrogen receptors was
identified in the DRN, whereas the classic alpha subtype of
estrogen receptors was not detected (Kuiper et al. 1997).
These findings suggested that estrogen may facilitate
serotonin synthesis via estrogen receptors.

Pueraria mirifica (PM) is a Thai herbal plant. It belongs
to the family Leguminosae, subfamily Papilionoideae
and has been used in Thai traditional medicine for its
rejuvenating effect on aged women. Its tuberous root
contains active phytoestrogen compounds which exhibit
high estrogenic activity (Jaroenporn et al. 2006). Treatment
with P mirifica powder has stimulated the proliferation
of the wvaginal epithelium and uterus endometrium
(Malaivijitnond et al. 2006). P. mirifica also decreased
serum follicle-stimulating hormone (FSH) and luteinizing

hormone (LH) in ovariectomized rats (Malaivijitnond et al.
2004). P. mirifica was also reported to relieve climacteric
symptoms such as hot flashes, frustration, sleep disorder,
and skin dryness in post-menopausal women (Muangman
& Cherdshewasart 2001). Treatment with P mirifica
obviated muscle atrophy and restored muscle strength in
ovariectomized rats (Inthanuchit et al. 2017). However,
the effect of P. mirifica on brain function has not been
sufficiently researched, especially its effect on depression
treatment. This study aims to investigate the effect of P.
mirifica on depression-like behavior and its mechanisms
on depression by investigating an alteration of TPH
immunoreactive neurons and a change of ERa and ERJ of
the DRN in ovariectomized mice.

MATERIALS AND METHODS

ANIMAL PREPARATION

Adult female IRC mice (60 days) weighing 25-30 g were
purchased from Nomura Siam International (Bangkok,
Thailand). Animals were maintained at 22 °C with 12/12
dark/light cycle (lighting on at 06.00 am) and housed in
groups with food and water available ad libitum. The
experimental protocols described in this study were
approved by the Animal Ethical Committee of the Prince of
Songkla University for the caring and use of experimental
animals (MOE 0521.11/314). The sample size was
calculated using program GPOWER (n=10 per group).
The animals were randomly divided into 7 groups: (1)
Sham-operates (SHAM), (2) ovariectomized and treated
with distilled water (PMO), (3) ovariectomized and 40 pg/
kg estradiol benzoate treated (E40), ovariectomized and
ethanolic extract of P. mirifica treated for 90 days at various
doses (4) 25 mg/kg (PM25), (5) 50 mg/kg (PM50), (6)
100 mg/kg (PM100), and (7) ovariectomized and 20 mg/
kg fluoxetine treated for 20 days. The body weights of all
groups were recorded daily. The dose of estrogen and PM
treatments were modified from the study by Jaroenporn et
al. (2007).

OVARIECTOMY PROCEDURES
The mice were anesthetized by an intraperitoneal injection
of 10 mg ketamine - 1.5 mg xylazine/100 g of body
weight (Islamov et al. 2002). One-centimeter vertical



skin, underneath subcutaneous tissue and muscle incisions
were made bilaterally on the sides of the abdomen at
the mid-axillary line, 1 cm below the lower edge of the
costal cage. The ovaries were removed, and the uterine
tubes were ligated. The muscle, subcutaneous tissue and
skin were then sutured. Sham operation was performed
by following a previous study. The protocol of operative
steps included anesthesia treatment and bilateral incisions
before the exposure of the ovaries and uterine horns outside
of the abdominal cavity (without removing them) and
closure of the wounds. Animals were housed for 7 days
after ovariectomy before initiation of all experiments
(Radenahmad et al. 2006).

PREPARATION OF PM SUSPENSION

The jet spray-dried P. mirifica was purchased from St. Herb
Cosmetics International Co., Ltd., Thailand. The extract
contained 31.73 mg puerarin, 5.81 mg daidzin, 7.22 mg
genistin, 15.75 mg daidzein, and 8.35 mg/100g genistein as
determined by HPLC analysis (Certificate of Analysis and
Test Report Lot No. A55050501 from St. Herb Cosmetics
International Co., Ltd., Thailand). It also comprised other
compounds such as 3.34 ppm copper, 175 ppm iron, 19.1
ppm zinc, 38% calcium, 2% magnesium and 0.0176%
sodium.

DEPRESSION-LIKE BEHAVIOR SCREENING TEST
Forced swimming test (FST)

The protocol of the forced swimming test was modified
from the work of Porsolt, Bertin and Jalfre (1977). Briefly,
mice were individually forced to swim in a vertical glass
cylinder (height 40 cm and diameter 18 cm) with a depth of
15 cm of water at 25 °C. The time of immobility was scored
during 6 min. Each mouse was considered to be immobile
when it stopped struggling and continued floating with
the absence of any movement except for those necessary
for keeping the nose above water. The parameter acquired
was the number of seconds spent immobile. The water in
the containers was changed after each trial (Yankelevitch-
Yahav et al. 2015).

Tail suspension test (TST)

The tail suspension test procedure was modified from the
work of Steru et al. (1985). Each mouse was suspended
50 cm above the floor using an adhesive tape placed 20
mm from the extremity of its tail within its own three-
walled rectangular compartment (5x15x11.5 cm). The total
immobility period was scored manually during the 6 min
test session. The scored parameter was the time measured
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in seconds that every mouse spent immobile. Immobility is
defined as suspending passively without any movement of
the head or paws.

SAMPLE PREPARATION

Blood samples were obtained from the retro-orbital
sinus to evaluate serum estradiol levels using an
electrochemiluminescence immunoassay (ECIA) kit (LKE
2026, DPT, Gwynedd, UK), serum glutamic oxaloacetic
transaminase  (SGOT), serum glutamate pyruvate
transaminase (SGPT) levels and a complete blood count to
investigate toxicity.

BRAIN SPECIMEN PREPARATION

At the end of the experimental period, the mice were deeply
anesthetized by an intraperitoneal injection of 100 mg/
kg of thiopental (Jagsonpal Pharmaceuticals, New Delhi,
India). The transcardial perfusion was performed with 4%
paraformaldehyde in 0.1 M phosphate buffer (PB), pH 7.4,
as a fixative. The brains were removed and post-fixed with
the same fixative solution overnight at 4 °C. The brains then
were transferred to 30% sucrose in 0.1 M PB, left until they
sank to the bottom, and stored at -80 °C. The coronal serial
sections (20 um thick) were cut using a cryostat (LEICA
CM 1850, Leica Biosystems, Germany) and mounted on
3-triethoxysilylpropylamine (TESPA) coated slides for
staining with 0.1% cresyl violet to localize DRN.

IMMUNOFLUORESCENCE FOR TPH

Adjacent series of brain sections from each group were
incubated in the following solution and between each of the
steps the sections were rinsed with 0.1 M PB: (1) 10% normal
rabbit serum (Vector Laboratories, Burlingham, CA, USA)
with 0.3% Triton-X 100 (J.T. Baker Inc, Philipsburg, NJ) in
0.1 M PB; (2) sheep anti-TPH (AB1541, LOT #3764417,
Merck Millipore, USA) at a dilution 1:1,000 for 24h at
4 °C; and (3) Texas Red anti-sheep 1gG antibody (1:200
dilution, Vector Laboratories, Burlingham, CA, USA), for
1 h at room temperature, respectively. The sections were
finally mounted with Vectashield (Vector Laboratories,
Burlingham, CA, USA), The coded sections were examined
by fluorescence microscopy (BXS50, Olympus, Japan).
Images were captured by a digital camera (DP73, Olympus,
Japan). Controls were performed by either omitting the first
or secondary. None of these controls showed any labeling.
The number of TPH-ir neurons in each micrograph
was counted and the area of each examined section was
measured using Image-Pro Plus 6.0 software (Olympus,
Japan). The results were expressed as a number of TPH-ir
neuron per mm?,
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IMMUNOFLUORESCENCE FOR ERa AND ERf

The immunofluorescence protocols for the study of the
ERa and ERB were modified from the work of Bunratsami
et al. (2015). Briefly, the adjacent brain sections were
incubated in 10% normal horse serum (Vector Laboratories,
Burlingham, CA, USA) with 0.2% Triton-X 100 (J.T. Baker
Inc, Philipsburg, NJ) in 0.1 M phosphate buffer (PB). The
sections were then incubated with rabbit anti-ERo (MC-
20, STCSC-542, LOT #A0716, Santa Cruz Biotechnology
Inc, CA, USA) or rabbit anti-ER (H-150, SC-8974, LOT
#D0615, Santa Cruz Biotechnology Inc, CA, USA) at a
dilution of 1:50 in 0.1 M PB for 48 h at 4 °C. After washing
with 0.1 M PB, the sections were incubated in Texas
Red labeled anti-rabbit IgG for staining of the ERa or
fluorescence- labeled anti-rabbit IgG secondary antibodies
for staining of the ER[3 (Vector Laboratories, Burlingham,
CA, USA) at a dilution of 1:200 in 0.1 M PB for 2 h. The
sections were finally washed with 0.1 M PB and mounted
with Vectashield (Vector Laboratories, Burlingham, CA,
USA), cover-slipped, and sealed with nail polish. Controls
were stained by either replacing the first or secondary with
0.1 M PB. None of these controls showed any labeling.
The sections from individual animals were analyzed for
immunolabeling of the ERo and ER3 under an fluorescence
microscope (BX50, Olympus). The intensity of the ERa
and ERP immunoreactivities were measured using Image-
Pro Plus 6.0 software (Olympus, Japan).

STATISTICAL ANALYSIS

Data were expressed as the mean + standard error of the
mean (SEM). Statistical analyses were performed using
the Statistical Package for the Social Sciences (SPSS)
program version 23. The data distribution was tested and
differences of means among groups were compared by one-
way ANOVA, followed by a least significant difference test
(LSD). Differences with a p<0.05 were considered to be
statistically significant.

RESULTS

BODY WEIGHT, UTERINE WEIGHT, ESTROGEN LEVEL, CBC,
SGOT, AND SGPT LEVELS
Body weight was significantly increased in the PMO
group, PM25, and fluoxetine groups compared to those
of the SHAM (p<0.05). In contrast, the weight gain was
significantly increased in only the PMO group compared to
those of the SHAM (p<0.05). The uterine weight and uterine
weight/body weight were significantly decreased in the
PMO and fluoxetine groups compared to those of the SHAM
(p<0.05). Whereas the uterine weight was significantly
increased in the E40 and all PM treatment groups (PM25,
PM50, and PM100) compared to those of the PMO (p<0.05)

(Table 1). The estrogen level was significantly reduced in
the PMO, PM25, PM50, PM100, and fluoxetine groups but
significantly increased in the E40 group (p<0.05) compared
to those of the SHAM (p<0.05). Most of the complete blood
count parameters in all groups (SHAM, PMO, E40, PM25,
PM50, PM100, and fluoxetine) were normal. The SGOT
level was high in the fluoxetine group, while the SGPT
level was high in the E40 and fluoxetine groups (Table 1).

DEPRESSION-LIKE BEHAVIOR SCREENING TESTS (FST AND
TST)

The duration of immobility of both the FST and TST
was significantly increased in the PMO (195.92+12.18
s, 19538+£16.16 s) and PM25 (171.21+19.53 s,
211.71+10.2 s) compared to those of the SHAM group
(100.09+£22.36 s, 145.9£11.1 s) (p<0.05). In contrast, the
duration of immobility of the FST significantly decreased
(122.69+19.72 s) and TST tended to reduce in the PM50
groups (166.61+17.94 s). Moreover, the duration of
immobility of both the FST and TST was significantly
decreased in the E40 (52.63+14.57 s, 116.72£17.53 s),
PM100 (48.84+12.67 s, 140.53+18.18 s), and fluoxetine
groups (144.07+£14.34 s, 113.46+19.83 s) compared to
those of the PMO (p<0.05) (Figure 1(A) and 1(B)).

DENSITY OF TPH-ir NEURONS IN THE DRN

The sections were stained with anti-TPH showing the TPH-
ir neurons in the DRN (Figure 2(A)) and the TPH-ir neurons
were identified in their cytoplasm (Figure 2(B)). The TPH-
ir neurons in the DRN were reduced in PMO and PM25
but increased in the E40, PM50, PM100, and fluoxetine
groups (Figure 2(C)-2(1)). The density of TPH-ir neurons
in the DRN was significantly reduced in the PMO group
and the PM25 compared to those of the SHAM (p<0.05).
In contrast, the density of TPH-ir neurons in the DRN was
significantly increased in the E40, PM50, PM100, and
fluoxetine groups compared to those of the PMO group
(p<0.05) (Table 2).

ERa-ir AND ER-ir IN THE DRN

The ERo-ir and ERB-ir were identified in the nucleus
of neurons in the DRN (Figures 3(A) & Figure 4(A)).
However, the ERB-ir was much stronger than the ERa-
ir (Figures 3(B) & 4(B)). Both ERa-ir and ERB-ir were
reduced in the PMO and PM25 groups but increased in the
E40, PM50, PM100, and fluoxetine groups (Figures 3(C)-
3(I) & 4(C)-4(D)). The intensity of the ERa-ir and ERB-ir
was sinificantly decreased in the PMO and PM25 groups
compared to those of the SHAM and significantly increased
in the E40, PM50, PM 100, and fluoxetine groups (p<0.05)
(Table 2).



3739

pajean dunoxonyy Sy/Sw (7 Pue POZIWOIOALIBAO :2UNAXON]] PIjean)
Nd S¥/Sw 0] pue pazIwooLeAo (00[INd ‘Poredn Nd Sy/Sw (oG pue PIZIWO}OdLIAO (OSINd ‘Paredn (NJ) poyfiiu priviong /S G7 pue PIZIWOIOALIBAO GTINJ Poreany djeozuoq [orpenss 3y
Of PUB POZIWO}OALIBAO () ‘PoOreal) Iajem PI[IUSIP PUe PAZIWO}oaLeA0 (ONd ‘serado-weys JNVHS 01 = U ‘S0°0 > J ‘0INd WO 9dUdISJIp JuedyIusIS, ‘S0°0 > J INVHS WOIJ 20UIJJIp Juedjusis,

6LV SIFEC96 79€°LFT6'98 8SS'SFRO'LL [69°6FIL08  +SSTTFOE80T  TTO'TIF68'SL  €LS9IFIT 66 (1/0) (£9-$7) LdDS
9L9 ITIFEYETY  L8S'LTFLYILT  99L'STFSSI8T  9IL'OEFS'STE  LOY TEFO8'66T 6£8°6VFSL'8IE  Th6 €HFSS 89¢ (1/0) (6T€-€01) LODOS
['0F1°0 1'0¥C0 1'0¥C0 1'0F1°0 0°0¥0°0 ['0F1°0 T0FE0 pueq
1'0F1°0 00700 0°070°0 0°070°0 0°070°0 00700 00700 (%) (0) 1ydoseq
['0F€0 T0FS0 €OFLO TO0F0 00700 T0FE0 TOFE0 (%) (0'%-0°0) 11ydoursoq
S0T6'C S0F0Y SOFEY ¥'0F0°¢ SOFS'E 9°0F¢’¢ 8°0F9°¢ (%) (0°2-0°0) @4d0UON
9VFS' €T 9¥¥S8T 8 €F0TE 0°€FTTE 9y FE8T YT 0°SFI'TT (%)(0'8€-0°01) NINd
SHFIEL 9¥FL99 0vF6'79 0'€FCH9 SYFTS9 CYFLIL TSFLEL (%)(0°0670"09) Lo0ydwA T
LOFI'Y SOFCE ¥'079°C T0FTT T0F8'T €0T6C 6'1FCS (IM/01x) (L°6-8°7) 3unod Dgm
80F8'LY S'IF0°61 TIFE0S 0'1FC0S TIFCSY I'IF9°LY 6'0F1°0S (B)(L 6¥-6'77) ADIN
8TOIFI'€96 ['CLIFS 0%01 0'68FI'+201 $'88F9'868 9'6ETFO0IT  L'9LFPH €101 8PIFITOT  (T1/:01x) (8SET-ST8) 1uN0d 39[d)e[d
I'IF6'7€ 6078 6'0FS '8¢ VIFILE 6'0F8'SE ¥'0F6°€E 0'IF6°SE (%) (1'9v-€¥€) H
07911 €0F8TI €0F6'C1 SOFETL €0FICI ['0FS11 €0F0CI (1p/3) (€'91-0°€1) 9H
x00'6> %00'6> %00'$> %00'$> 0L 0TFS8€E x00'6> 8C°LF OV (Twy/3d) [949] us3onsy
%790°0F85S°0 880°0F8FI'T  LOLOOFIFO'T  .€S0°0F666'0  ITI'OFSIST  %990°0¥885°0  690°0FI80°1 Som Apoq AySom suuain
+€20°0FTT0 +SE0°0FIT0 920 0F1¥°0 ZCO0FIP0  %:£P00F09°0  %¥T00FPT0 €0°0 F0¥°0 (8) JySrom ouriayn
#10°07920°0 600076100 +L00'0FFTO'0  SO0'0FLTO0  #00'0FETO0  «EI10°0FISO0  S00°0F610°0 (8) ures ySom
«V0 TFSE TP 8S°0FLO O 87°0FES 6 «0T TFE9 T 0L 0F66°6€ «9E TF79 19 SCOFTLLE (8) wSrom
sunexony 00TINd 0SINd STINd ovd 0Nd INVHS Ijouwered

sdnois juounyean [[e Ul [9AJ] UdS01sd pue W3om ApoqAySrom auroin Jy3rom aurrom ‘ures Jysom usop ‘[ A19V.L



3740

250 -

200 4

150 -
100 4
50

0

SHAM PM25 PM50 PM100 Fluoxetine

Duration of immobility (second)

FIGURE 1(A). Bar graph of the FST of the SHAM, PMO0, E40, PM25, PM50, PM100, and fluoxetine
groups, n=10. *Significant difference from SHAM, p < 0.05. * Significant difference from
PMO, p< 0.05. FST: Forced swimming test; SHAM: Sham-operates; PMO0: ovariectomized
and distilled water treated; E40: ovariectomized and 40 pg/kg estradiol benzoate treated;
PM25: ovariectomized and 25 mg/kg Pueraria mirifica (PM) treated; PM50: ovariectomized
and 50 mg/kg PM treated; PM100: ovariectomized and 100 mg/kg PM treated; Fluoxetine:
ovariectomized and 20 mg/kg fluoxetine treated
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FIGURE 1(B). Bar graph of the TST of the SHAM, PMO0, E40, PM25, PM50, PM100, and fluoxetine
groups, n=10. *Significant difference from SHAM, p < 0.05. *Significant difference from PMO,

p <0.05. TST: Tail suspension test; SHAM: Sham-operates; PMO: ovariectomized and distilled
water treated; E40: ovariectomized and 40 pg/kg estradiol benzoate treated; PM25: ovariectomized
and 25 mg/kg Pueraria mirifica (PM) treated; PM50: ovariectomized and 50 mg/kg PM treated;
PM100: ovariectomized and 100 mg/kg PM treated; Fluoxetine: ovariectomized and 20 mg/kg
fluoxetine treated
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FIGURE 2. (A) Micrograph of TPH-ir (bright red) in the DRN, (B) high magnification of
the area in the square frame from (A) showing TPH-ir (arrows) in the cytoplasm of
neurons and micrograph of the TPH-ir (arrows) in the DRN of the SHAM (C), PMO (D),
E40 (E), PM25 (F), PMS50 (G), PM100 (H), and fluoxetine (I); (A) scale bar = 100 pm
(B) scale bar =50 pm, (C-H) scale bar = 200 pm. TPH-ir: tryptophan hydroxylase
immunoreactive; DRN: dorsal raphe nucleus; SHAM: Sham-operates; PMO:
ovariectomized and distilled water treated; E40: ovariectomized and 40 pg/kg
estradiol benzoate treated; PM25: ovariectomized and 25 mg/kg Pueraria mirifica
(PM) treated; PM50: ovariectomized and 50 mg/kg PM treated; PM100: ovariectomized
and 100 mg/kg PM treated; Fluoxetine: ovariectomized and 20 mg/kg fluoxetine treated

TABLE 2. Density of TPH-ir neurons, intensity of ERa-ir and ERB-ir

Quantification/ SHAM PMO E40 PM25 PM50 PM100 Fluoxetine
Measurement

Density 268.61+£31.98  103.71+26.91* 223.87+33.12* 160.25+26.75*% 209.68+18.60* 257.17+31.98" 242.63+23.13*
of TPH-ir

neurons (cell/

mm?)

Intensity of 12.68+1.20 4.73+1.07* 11.16+1.05* 7.62+1.01* 11.39+1.23* 13.02+1.06* 10.84+1.04*
Era-ir

Intensity of 47.53+£5.98 16.61+4.47* 38.91+£5.10* 14.28+3.48%* 40.88+3.36* 38.66+5.46* 35.40+6.84*
Erp-ir
*Significant difference from SHAM, P < 0.05, *Significant difference from PMO, P <0.05, n = 10. TPH-ir neurons: tryptophan hydroxylase immunoreactive neurons; ERa-
ir: ERo immunoreactivity; ERB-ir: ERf} immunoreactivity; SHAM: Sham-operates; PMO: ovariectomized and distilled water treated; E40: ovariectomized and 40 ng/kg

estradiol benzoate treated; PM25: ovariectomized and 25 mg/kg Pueraria mirifica (PM) treated; PM50: ovariectomized and 50 mg/kg PM treated; PM100: ovariectomized
and 100 mg/kg PM treated; Fluoxetine: ovariectomized and 20 mg/kg fluoxetine treated
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FIGURE 3. (A) Micrograph of ERa-ir (bright red) in the DRN, (B) high magnification of the area
in the square frame from (A) showing ERa-ir (arrows) in the nucleus of neurons and micrograph
of the ERa-ir (arrows) in the DRN of the SHAM (C), PMO (D), E40 (E), PM25 (F), PM50 (G),
PM100 (H), and fluoxetine (I); (A) scale bar = 100 um (B) scale bar =50 pm, (C-I) scale
bar = 200 um. ERa-ir: ERo immunoreactivity; DRN: dorsal raphe nucleus; SHAM:
Sham-operates; PMO: ovariectomized and distilled water treated; E40: ovariectomized and
40 pg/kg estradiol benzoate treated; PM25: ovariectomized and 25 mg/kg Pueraria mirifica (PM)
treated; PMS50: ovariectomized and 50 mg/kg PM treated; PM100: ovariectomized and
100 mg/kg PM treated; Fluoxetine: ovariectomized and 20 mg/kg fluoxetine treated

FIGURE 4. (A) Micrograph of ERB-ir (bright yellow-green) in the DRN, (B) high
magnification of the area in the square frame from (A) showing ERB-ir (arrows) in
the nucleus of neurons and micrograph of the ERf-ir (arrows) in the DRN of the
SHAM (C), PMO (D), E40 (E), PM25 (F), PM50 (G), PM100 (H), and fluoxetine (I);
(A) scale bar = 100 um (B) scale bar =50 pm, (C-I) scale bar = 200 pm. ERB-ir: ERf
immunoreactivity; DRN: dorsal raphe nucleus; SHAM: Sham-operates; PMO:
ovariectomized and distilled water treated; E40: ovariectomized and 40 pg/kg
estradiol benzoate treated; PM25: ovariectomized and 25 mg/kg Pueraria mirifica (PM)
treated; PMS50: ovariectomized and 50 mg/kg PM treated; PM100: ovariectomized
and 100 mg/kg PM treated; Fluoxetine: ovariectomized and 20 mg/kg fluoxetine treated



DISCUSSION

Our data demonstrated that ovariectomy resulted in a
decreased estrogen level in all groups treated with P,
mirifica and fluoxetine. The reduction of estrogen level led
to an increased body weight but decreased uterine weight in
the PMO and fluoxetine groups. The reduction of estrogen
level led to an increased body weight but decreased uterine
weight in the PMO and fluoxetine groups. This was
consistent with that of previous studies by Malinska et al.
(2021). It was reported that loss of ovarian hormones
resulted in an increases of food intake and body weight in
ovariectomized rat and led to the increase in adipose tissue
mass. According to the work of Markova et al. (2024), the
elevated circulating leptin level was observed in the
ovariectomized rats that would increase food intake and
weight gain after ovariectomy. Basically, leptin was
involved in regulating food intake and energy expenditure. It
was found to play an important role in maintaining energy
homeostasis. In addition, an increase of leptin levels
was linked with obesity in association with
the increase in volume of fat mass (Kozakowski et al.
2017). Overall, estrogen treatment improved uterine
weight. Interestingly, treatment with PM25, PM50, and
PM100 restored weight gain and uterine weight. Our results
are according to previous research suggesting that P
mirifica has an estrogenic-like activity on reproductive
organs by stimulating the proliferation of the epithelium at
the vagina and uterus in female rats and women
(Malaivijitnond et al. 2004; Pope et al. 1958). Treatment
with all doses of PM (25, 50, and 100 mg/kg) for 90 days
exhibited no abnormality of complete blood count
parameters including SGOT and SGPT levels implying
treatment with the PM may have no toxicity. This was
associated with the work of Intranuchit et al. (2017)
demonstrating that treated rats with 50 and 500 mg/kg for
90 days showed no signs of toxicity. In contrast, treatment
with fluoxetine increased SGOT levels. Our results from
the depression-like behavior screening tests indicated that a
decreased estrogen level resulted in an increased immobility
in both FST and TST implying an enhanced depression-like
behavior. Whereas treatment with estrogen reduced
depression-like behavior. According to the work of Khayum
et al. (2020), 9 weeks after estrogen depletion by
ovariectomy caused an increase in immobility time in the
FST. The increased immobility time in the TST induced by
ovariectomy was prevented by estrogen (Eid et al. 2020).
Selective activation of ERa and ER3 were implications for
depression-like phenotypes in female mice exposed to
chronic unpredictable stress. Depression can disturb the
hypothalamic-pituitary-adrenal axis (HPA) in humans. An
enhanced level of adrenal hormones and corticotropin-
releasing factor (CRF) in the blood has been identified in
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drug-free depressed patients (Banki et al. 1987). The
glucocorticoid was involved in controlling serotonergic
activity from the raphe nucleus (Meijer & de Kloet 1998).
By modulating the HPA functions, estrogen replacement
therapy (ERT) manifested anxiolytic and antidepressant
effects in menopausal females (Kudielka et al. 1999;
Patacchioli et al. 20006). Although treatment with P. mirifica
at a low dose (25 mg/kg) did not reduce the duration of
immobility in both the FST and TST, treatment with a
higher dose of P. mirifica (50 mg/kg) tended to a declined
immobility duration in both the FST and TST. Interestingly,
treatment with 100 mg/kg of PM shortened immobility
duration in both the FST and TST at almost the same level
as observed in the estrogen treatment. Our data demonstrated
that a high dose of P. mirifica alleviated depression-like
behavior in ovariectomized animals, suggesting that the
estrogenic activity of P. mirifica may ameliorate depression.
Furthermore, our data demonstrated that treatment with
fluoxetine, a well-known antidepressant, decreased the
duration of both FST and TST. Fluoxetine improves
depression by inhibited serotonin reuptake into presynaptic
serotonin neurons via blocking the reuptake transporter
protein located in the presynaptic terminal (Sohel, Shutter
& Molla_2022). Ovariectomized IRC-mice treated with
puerarin, a glycosyl isoflavone extracted from the root bark
of Pueraria candollei var. mirifica and 17 [-estradiol,
diminished ovariectomy-induced depression-like behavior
as shown by reduced immobility times in the TST and FST
(Tantipongpiradet et al. 2019). Puerarin is suggested to
exhibit antidepressant-like effects in ovariectomized
animals by decreasing ovariectomy-induced hyperactivation
of the HPA axis and normalizing the downregulated
transcription of the brain-derived neurotrophic factor
(BDNF) and estrogen receptor (ER} and ERa) mRNAs in
the brain. The disturbances in HPA have been demonstrated
to involve serotonergic dysfunction resulting in depression.
In another study, estrogen facilitated serotonergic
transmission by stimulating the production of TPH in the
raphe nuclei (Bethea et al. 1998). Our data showed a
decreased TPH-ir neuron density in the ovariectomized
group (PMO) but an increased TPH-ir neuron density in all
treated groups (E40; PM at 25 mg/kg, 50 mg/kg, and 100
mg/kg; and fluoxetine). Surprisingly, the increased TPH-ir
neuron density was also found in the fluoxetine group.
Whereas, previous studies reported sexual dysfunction as a
side effect of fluoxetine, other studies demonstrated the
side effect of sexual hyperactivity (Elmore & Quattlebaum
1997; Morris 1991). Our study showed that treatment with
fluoxetine induced an increase of TPH-ir neuron, ERo-ir
and ER-ir levels in DRN similar to estrogen and all doses
of PM treatments while it not affected estrogen levels.
Therefore, fluoxetine may have the same mechanism as
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estrogen and P. mirifica which need further study. This
correlation may explain the side effect of fluoxetine on
sexual hyperactivity. Our data suggested that the increased
TPH-ir neurons enhanced the serotonin synthesis level
which led to a reduced immobility time of both FST and
TST implying an improvement of depression-like behavior
especially during treatments with estrogen, fluoxetine, and
all doses of P mirifica. Estrogen stimulates TPH to
synthesize serotonin and reduce the serotonin reuptake
transporter (SERT) mRNA expression in the raphe nuclei
(Bethea et al. 1998). The beta subtype estrogen receptors
and ERP mRNA were identified in DRN (Kuiper et al.
1997; Shughrue, Lane & Merchenthaler 1997). Our data
demonstrated both ERa-ir and ERB-ir in nucleus of neurons
in DRN. However, the intensity of ER-ir was considerably
stronger than that of ERa-ir intensity. Our results correlated
to the intense nuclear ERB-ir of neurons in female mice
substantia nigra and DRN but not ERo-ir (Mitra et al.
2003). Here, we suggest that ERP functioned in DRN
predominantly than ERa as a decrease of estrogen level
resulted in reduced intensities of both ERa-ir and ERB-ir.
Even though all doses of P mirifica and fluoxetine
treatments did not increase estrogen levels as estrogen did,
but treatment with estrogen, all doses of P. mirifica and
fluoxetine increased the intensity of both ERo-ir and ERB-
ir. This correlated to the work of Tantipongpiradet et al.
(2019) who reported that estrogen levels were associated
with ERa and ER} mRNA expression. We suggest that
estrogen and P. mirifica stimulated the production of TPH
via binding with ERo-ir or/and ERB-ir but mainly ERp.
The induced TPH synthesis resulted in stimulating serotonin
synthesis and therefore alleviated the depression. Based on
this, the estrogenic activity of P mirifica relieved
depression-like behavior in ovariectomized mice by
inducing TPH synthesis which led to stimulating serotonin
synthesis. Furthermore, treatment at the dose of PM 100
mg/kg had greater effect than the dose of PM 25 or 50 mg/
kg. P. mirifica contains various isoflavones such as puerarin,
daidzein, daidzin (a glyco-conjugate form of daidzein),
genistein, and genistin (a glycoside form of genistein,
genistein-7-O-beta-D-glucopyranoside, GT-glu). Puerarin,
daidzein, and genistein have been reported to mitigate
depression by different mechanisms in different stress
conditions. Puerarin ameliorated the depression-like
behaviors of rats induced with chronic unpredictable mild
stress, and that mechanism may associate with antioxidant
and anti-inflammatory effects (Zhang et al. 2018).
Furthermore, puerarin modulated the depression-like
behavior in ovariectomy-induced rats by activating the
cAMP-CREB-BDNF signaling pathway (Liu et al. 2021). In
addition, puerarin had been shown to relieve depression-

like behaviors of chronic unpredictable mild stress in mice
by remodeling their gut microbiota. There, puerarin reduced
the spared nerve injury (SNI)-induced depression and pain
via activating ERK, CREB, and BDNF pathways (Zhao et
al. 2017). In contrast, daidzein attenuated depression-like
behaviors by alleviating HPA axis hyperactivity, decreasing
the levels of stress-related hormones, and partly rectifying
some inflammatory cytokines imbalance in both rodent
models of depression which were induced by learned
helplessness and chronic mild stress (CMS) (Chen et al.
2021). Daidzein can antagonize depressive symptoms in
mice with chronic stress increased content of BDNF in
hippocampus, NPY protein and non-specific immune
regulation (Tian et al. 2015). Whereas, genistein has been
reported to alleviate major depression through down-
regulating miR-221/222 by targeting Cx43 (Shen et al.
2018). Genistein functions as an antidepressant agent
against chronic mild stress in depression-induced rats
through the augmentation of brain-derived neurotrophic
factors. (Chang et al. 2021). Furthermore, chronic genistein
administration to mice resulted in antidepressant-like
efficacy evidenced by lessened behavioral despair. The
serotonergic system that preferentially couples with 5-HT
receptors may be crucially responsible for the anti-
depressive effect of genistein (Hu et al. 2017). Therefore,
we suggest that the three main components in P. mirifica,
puerarin, daidzein, and genistein, play a crucial role to
ameliorate depression. We propose that the mechanism of
P mirifica on alleviating depression is performed by
stimulating TPH mainly via ER[ resulting in induced
serotonin synthesis with no effect on plasma estrogen level.
However, the mechanism of fluoxetine on increased TPH-ir
neurons level was not explainable in this study and therefore
requires further studies. There were some limitations of the
present study. The bioavailability of P. mirifica is unknown
and its molecular signaling pathways have not been
characterized.

CONCLUSION

P. mirifica has an estrogenic-like activity on the female
reproductive organ (uterus). Subchronic treatment with
P mirifica showed no abnormality of the complete
blood count parameters and liver enzymes. Furthermore,
subchronic treatments with 50 and 100 mg/kg of PM
alleviated depression-like behavior by shorter immobility
time of both FST and TST. P. mirifica stimulated an increase
of TPH-ir neurons which may induce enhanced serotonin
synthesis via ER3 with no effect on plasma estrogen levels,
and therefore improved depression.



ACKNOWLEDGEMENTS

This study was financially supported by a grant from Prince
of Songkla University under DEN570366S. We thank
Mrs. Anna Chatthong for the assistance with the English

language.

REFERENCES

Banki, C.M., Bissette, G., Arato, M., O’Connor, L. &
Nemeroff, C.B. 1987. CSF corticotropin-releasing
factor-like immunoreactivity in depression and
schizophrenia. The American Journal of Psychiatry
144(7): 873-877.

Bethea, C.L., Pecins-Thompson, M., Schutzer, W.E.,
Gundlah, C. & Lu, Z.N. 1998. Ovarian steroids and
serotonin neural function. Molecular Neurobiology
18(2): 87-123.

Bunratsami, S., Udomuksorn, W., Kumarnsit, E.,
Vongvatcharanon, S. & Vongvatcharanon, U. 2015.
Estrogen replacement improves skeletal muscle
performance by increasing parvalbumin levels in
ovariectomized rats. Acta Histochemca 117(2): 163-
175.

Chang, M., Zhang, L., Dai, H. & Sun, L. 2021. Genistein
acts as antidepressant agent against chronic mild
stress-induced depression model of rats through
augmentation of brain-derived neurotrophic factor.
Brain and Behavior 11(8): €2300.

Chen, L., Wang, X., Zhang, Y., Zhong, H., Wang, C., Gao,
P. & Li, B. 2021. Daidzein alleviates hypothalamic-
pituitary-adrenal axis hyperactivity, ameliorates
depression-like  behavior, and partly rectifies
circulating cytokine imbalance in two rodent models
of depression. Frontiers in Behavioral Neuroscience
15: 671864.

Eid, R.S., Lieblich, S.E., Duarte-Guterman, P., Chaiton,
J.A.,Mah, A.G., Wong, S.J. & Wen, Y. & Galea, L.A.M.
2020. Selective activation of estrogen receptors a and
B: Implications for depressive-like phenotypes in
female mice exposed to chronic unpredictable stress.
Horm. Behav. 119: 104651.

Elmore, J.L. & Quattlebaum, J.T. 1997. Female sexual
stimulation  during antidepressant  treatment.
Pharmacotherapy 17(3): 612-616.

Grady, D., Wenger, N.K., Herrington, D., Khan, S., Furberg,
C., Hunninghake, D., Vittinghoff, E. & Hulley, S.
2000. Postmenopausal hormone therapy increases
risk for venous thromboembolic disease: The heart
and estrogen/progestin replacement study. Annals of
Internal Medicine 132: 689-696.

Hornung, J.p. 2003. The human raphe nuclei and
the serotonergic system. Journal of Chemical
Neuroanatomy 26: 331-343.

3745

Hu, P., Ma, L., Wang, Y., Ye, F., Wang, C., Zhou,
W.H. & Zhao, X. 2017. Genistein, a dietary soy
isoflavone, exerts antidepressant-like effects in mice:
Involvement of serotonergic system. Neurochemistry
International 108: 426-435.

Inthanuchit, S.K., Udomuksorn, W., Kumarnsit, E.,
Vongvatcharanon, S. & Vongvatcharanon, U. 2017.
Treatment with Pueraria mirifica extract prevented
muscle atrophy and restored muscle strength in
ovariectomized rats. Sains Malaysiana 46(10): 1903-
1911.

Islamov, R.R., Hendricks, W.A., Jones, R.J., Lyall, G.J.,
Spanier, N.S. & Murashov, A.K. 2002. 17f- Estradiol
stimulates regeneration of sciatic nerve in female
mice. Brain Research 943: 283-286.

Jaroenporn, S., Malaivijitnond, S., Wattanasirmkit,
K., Trisomboon, H., Watanabe, G., Taya, K. &
Cherdshewasart, W. 2006. Effects of Pueraria
mirifica, an herb containing phytoestrogens, on
reproductive organs and fertility of adult male mice.
Endocrine 30(1): 93-101.

Jaroenporn, S., Malaivijitnond, S., Wattanasirmkit, K.,
Watanabe, G., Taya, K. & Cherdshewasart, W. 2007.
Assessment of fertility and reproductive toxicity
in adult female mice after long-term exposure to
Pueraria mirifica herb. Journal of Reproduction and
Development 53(5): 995-1005.

Khayum, M.A., Moraga-Amaro, R., Buwalda, B., Koole,
M., den Boer, J.A., Dierckx, R.A.J.0., Doorduin, J. & de
Vries, E.F.J. 2020. Ovariectomy-induced depressive-
like behavior and brain glucose metabolism changes
in female rats are not affected by chronic mild stress.
Psychoneuroendocrinology 115: 104610.

Kozakowski, J., Gietka-Czernel, M., Leszczy nska, D. &
Majo, A. 2017. Obesity in menopause - our negligence
or an unfortunate inevitability? Menopause Review
16: 61-65.

Kudielka, B.M., Schmidt-Reinwald, A.K., Hellhammer,
D.H. & Kirschbaum, C. 1999. Psychological and
endocrine responses to psychosocial stress and
dexamethasone/ corticotropin-releasing hormone in
healthy postmenopausal women and young controls:
The impact of age and a two-week estradiol treatment.
Neuroendocrinology 70(6): 422-430.

Kuiper, G.G., Carlsson, B., Grandien, K., Enmark, E.,
Haggblad, J., Nilsson, S. & Gustafsson, J.A. 1997.
Comparison of the ligand binding specificity and
transcript tissue distribution of estrogen receptors
alpha and beta. Endocrinology 138(3): 863-870.

Liu, R., Li, Y., Wang, Z., Li, J., Liang, Y. & Li, M.
2021. Puerarin mitigates symptoms of depression
in ovariectomized female rats by regulating
hippocampal cAMP-CREB-BDNF signaling pathway.
Tropical Journal of Pharmaceutical Research 20(7):
1403-1409.



3746

Malaivijitnond, S., Chansri, K., Kijkuokul, P., Urasopon, N.
& Cherdshewasart, W. 2006. Using vaginal cytology
to assess the estrogenic activity of phytoestrogen-rich
herb. Journal of Ethnopharmacology 107(3): 354-
360.

Malaivijitnond, S., Kiatthaipipat, P., Cherdshewasart, W.,
Watanabe, G. & Taya, K. 2004. Different effects of
Pueraria mirifica, a herb containing phytoestrogens,
on LH and FSH secretion in gonadectomized female
and male rats. Journal of Pharmacological Sciences
96(4): 428-435.

Malinska, H., Hiittl, M., Miklankova, D., Trnovska, J.,
Zapletalova, 1., Poruba, M. & Markova, I. 2021.
Ovariectomy-induced hepatic lipid and cytochrome
P450 dysmetabolism precedes serum dyslipidemia.
International Journal of Molecular Sciences 22(9):
4527.

Markova, 1., Hiittl, M., Miklankova, D., Sedova, L., Seda,
O. & Malinska, H. 2024. The effect of ovariectomy
and estradiol substitution on the metabolic parameters
and transcriptomic profile of adipose tissue in a
prediabetic model. Antioxidants 13(6): 627.

Meijer, O.C. & de Kloet, E.R. 1998. Corticosterone and
serotonergic neurotransmission in the hippocampus:
Functional implications of central corticosteroid
receptor diversity. Critical Reviews in Neurobiology
12(1-2): 1-20.

Mitra, S.w., Hoskin, E., Yudkovitz, J., Pear, L., Wilkinson,
H.A., Hayashi, S., Pfaff, D.w., Ogawa, S., Rohrer, S.P.,
Schaeffer, J.M., McEwen, B.S. & Alves, S.E. 2003.
Immunolocalization of estrogen receptor beta in the
mouse brain: Comparison with estrogen receptor
alpha. Endocrinology 144(5): 2055-2267.

Morris, P.L. 1991. Fluoxetine and orgasmic sexual
experiences. International Journal of Psychiatry in
Medicine 21(4): 379-382.

Muangman, V. & Cherdshewasart, W. 2001. Clinical trial
of the phytoestrogen-rich herb, Pueraria mirifica
as a crude drug in the treatment of symptoms in
menopausal women. Siriraj Medical Journal 53(5):
300-309.

Patacchioli, F.R., Simeoni, S., Monnazzi, P., Pace, M.,
Capri, O. & Perrone, G. 2006. Menopause, mild
psychological stress and salivary cortisol: Influence
of long-term hormone replacement therapy (HRT).
Maturitas 55(2): 150-155.

Pope, G.S., Grundy, H.M., Jone, H.EM. & Tait, S.A.S.
1958. The estrogenic substance (miroestrol) from the

tuberous roots of Pueraria mirifica. J. Endocrinology
17: 15-16.

Porsolt, R.D., Bertin, A. & Jalfre,M. 1977. Behavioral despair
in mice: a primary screening test for antidepressants.
Archives Internationales de Pharmacodynamie et de
Therapie 229(2): 327-336.

Radenahmad,N.,Vongvatcharanon,U., Withyachumnarnkul,
B. & Connor, J.R. 2006, Serum levels of 17p-estradiol
in ovariectomized rats fed young-coconut-juice and
its effect on wound healing. Songklanakarin Journal
Science and Technology 28(5): 897-910.

Shen, F., Huang, W., Xing, B., Fang, X., Feng, M. & Jiang,
C. 2018. Genistein improves the major depression
through suppressing the expression of mirR-221/222
by targeting connexin 43. Psychiatry Investigation
15(10): 919-925.

Shughrue, P.J., Lane, M.v. & Merchenthaler, 1. 1997.
Comparative distribution of estrogen receptor-alpha
and-beta mRNA in the rat central nervous system.
Journal of Comparative Neurology 388(4): 507-525.

Sohel, A.J., Shutter, M.C. & Molla, M. 2022. Fluoxetine In
StatPearls. Treasure Island (FL): StatPearls Publishing.

Steru, L., Chermat, R., Thierry, B. & Simon, P. 1985. The
tail suspension test: A new method for screening
antidepressants in mice. Psychopharmacology 85(3):
367-370.

Studd, J. 2020. Hormones and depression in women.
Insights Depress Anxiety 4: 064-065.

Tantipongpiradet, A., Monthakantirat, O., Vipatpakpaiboon,
0., Khampukdee, C., Umehara, K., Noguchi, H.,
Fujiwara, H., Matsumoto, K., Sekeroglu, N., Kijjoa,
A. & Chulikhit, Y. 2019. Effects of puerarin on the
ovariectomy-induced depressive-like behavior in ICR
mice and its possible mechanism of action. Molecules
24(24): 4569.

Tian, Y., Yuan, W., Ma, Q., Du, Z. & Li, W. 2015. Effects
of daidzein on expressions of BDNF and NPY in
hippocampus rats with chronic stress depression and
non-specific immune regulation. Chinese Journal of
Immunology 12: 632-637.

Yankelevitch-vahav, R., Franko, M., Huly, A. & Doron, R.
2015. The forced swim test as a model of depressive-
like behavior. Journal of Visualized Experiments 97:
52587.

Zhang, C., Hu, C., Li, S., Zhang, X., Lu, H. & Lin, Z. 2018.
Anti-depressant effects of puerarin on depression
induced by chronic unpredicted mild stress in rats.
Acta Pharmaceutica Sinica 12: 220-226.

Zhao, J., Luo, D., Liang, Z., Lao, L. & Rong, J. 2017.
Plant natural product puerarin ameliorates depressive
behaviors and chronic pain in mice with spared nerve
injury (SNI). Molecular Neurobiology 54(4): 2801-
2812.

*Corresponding author; email: surapong.v@psu.ac.th



