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ABSTRACT

Background and aim: Substantial evidence suggests the effectiveness of plant-based medicine in stress-
related diseases. Kamikihito (KKT), a Japanese traditional herbal medicine (Kampo), has been used for
anemia, insomnia, and anxiety. Recent studies revealed its ameliorating effect on cognitive and memory
dysfunction in several animal models. We, therefore, determined whether daily supplementation of KKT
has an antidepressant-like effect on the stress-induced behavioral and neurological changes in rats.
Experimental procedure: The effect of KKT against the stress-induced changes in anxiety- and depressive-
like behaviors and hippocampal neurogenesis were determined using a rat model of chronic restraint
stress (CRS). KKT was orally administered daily at 300 or 1000 mg/kg during 21 consecutive days of CRS
(6 h/day). The effect of CRS and KKT on physiological parameters, including body weight gain, food/water
consumptions, plasma corticosterone (CORT) levels, and percentage of adrenal gland weight to body
weight, were firstly measured. Anxiety- and depressive-like behaviors in rats were assessed in the open
field test (OFT), sucrose preference test (SPT), and forced swimming test (FST). Hippocampal neuro-
genesis was determined by immunohistochemistry.
Results and conclusion: CRS for 21 days caused a significant decrease in body weight gain and increase in
plasma CORT levels and percentage of adrenal gland weight to body weight, which were rescued by KKT
treatment. KKT also suppressed the CRS-induced anxiety- and depressive-like behaviors and impairment
of hippocampal neurogenesis. These results suggest that daily treatment of KKT has a protective effect
against physiological, neurological, and behavioral changes in a rat model of depression.
© 2021 Center for Food and Biomolecules, National Taiwan University. Production and hosting by Elsevier
Taiwan LLC. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).

1. Introduction

factors, such as stressful or traumatic events, are considered to
influence the susceptibility to MDD. Recent evidence suggests that

Major depressive disorder (MDD) is a debilitating psychiatric impairment in the complex systems, such as monoamine neuro-
illness with a lifetime prevalence of 10 %—20 %.! Environmental transmission, the hypothalamus-pituitary-adrenal (HPA) axis

(glucocorticoids), and neurotrophic factors are involved in the
incidence of MDD. Because of the limited availability and the var-
iable conditions of human samples, animal models of depression
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CRS, chronic restraint stress; DCX, doublecortin; DG, dentate gyrus; DNA, methyl-
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neural progenitor/stem cells; OFT, open field test; ROS, reactive oxygen species; SPT,
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have been developed.”? Among these animal models, chronic re-
straint stress (CRS) is known to be a well-established stress para-
digm that leads to anxiety- and depressive-like behaviors in
rodents.®>~>

The hippocampus which is known for its important roles in
learning and memory, cognitive function, mood regulation, and
stress response’ attracts considerable attention from clinicians and
researchers as the tissue seems to be highly correlated with stress
and the resultant depressive symptoms. Morphological change in
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the hippocampus is frequently reported in patients with MDD.’
Importantly, the reduced volume in the hippocampus can be
reproduced in the rat model of depression induced by CRS.2

A growing body of evidence in the basic research shows that the
number of newly generated neurons (neurogenesis) from neural
progenitor/stem cells (NSPCs) in the dentate gyrus (DG), subregion
of the hippocampus, is negatively correlated with anxiety and
depressive behaviors.”!? Antidepressant treatment can ameliorate
both the stress-induced behavioral changes and the suppression of
neurogenesis in the DG of the hippocampus.'! It is, therefore,
considered that hippocampal neurogenesis is an indicator of the
depressive state and could be a key target of the medical treatment
for MDD patients.®

Depression and anxiety are commonly treated by pharmaco-
logical therapy. Although these drugs appear to have a beneficial
effect in some severe cases, others complaint that the drugs are not
effective for all cases and incur diverse adverse effects.”> On the
other hand, a number of studies have recently demonstrated the
effectiveness of complementary and alternative medicine, such as
herbal medicine, in the treatment of patients with anxiety and
depression.'> 14

Kamikihito (KKT), one of the Japanese traditional herbal medi-
cine (Kampo), composed of fourteen medicinal plants, has been
used to treat anemia, insomnia, and mental anxiety. It has been
reported to be effective for cognitive and memory dysfunction and
behavioral abnormalities induced by beta-amyloid,' toxic chem-
icals,'® and aging,” suggesting that KKT could act on and exert
beneficial effects in the central nervous system (CNS).

We, therefore, investigated the effect of KKT in an animal model
of depression. We exposed rats to daily restraint stress after
administration of KTT at two different doses and determined
whether KKT has protective effects on the CRS-induced changes in
anxiety- and depressive-like behaviors and hippocampal
neurogenesis.

2. Materials and methods
2.1. Animals

Wistar rats (male, 7 weeks) were purchased from Nippon Bio-
Supp. Center (Tokyo, Japan). Rats were housed two to three per
cage in 12:12 h light/dark cycle (lights on at 7 a.m.) at a temperature
of 25 + 1 °C, humidity 40—50 %, and free access to food (CLEA Japan,
CE-2, Tokyo, Japan) and water for 10 days before testing.

All animal experiments were approved by the Committee of
Animal Care and Welfare of our University and performed in
accordance with the guidelines established with the Committee of
Animal Care and Welfare of our University. Each experiment was
repeated two times and all efforts were made to minimize animal
suffering and to reduce the number of animals used in this study.

2.2. Drug administration

The dry powdered extract of KKT was supplied by Tsumura & Co.
(#TJ-137, Tokyo, Japan). Dried powder of 5.0 g KKT contains extracts
from the following herbs. 3.0 g Astragali Radix (¥%; huang qi),3.0 g
Bupleuri Radix (4¢#8; chai hi), 3.0 g Zizyphi Semen (B£21=; suan zio
rén), 3.0 g Atractylodis Rhizoma (&7f; cang zh), 3.0 g Ginseng Radix
(A%, Rén Shen), 3.0 g Poria (1R3F; i ling), 3.0 g Longanae Arillus (88
BREY; 16ng yan rou), 2.0 g Polygalae Radix (i®7%&; yuan zhi), 2.0 g
Gardeniae Fructus (\U#87F; shan zhi zi), 2.0 g Zizyphi Fructus (KZ;
da z30), 2.0 g Angelicae Radix (XJ%; dang gui), 1.0 g Glycyrrhizae
Radix (H&; gan c&o), 1.0 g Zingiberis Rhizoma (4 2; shéng jiang),
1.0 g Saussureae Radix (A% ; mu xiang). These herbs were mixed
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and boiled with purified water at 95.1 °C for 1 h. The macerate was
filtered and dried by removing water under reduced pressure. The
three-dimensional high-performance liquid chromatography (3D-
HPLC) profile chart of KKT was provided by Tsumura & Co. (Fig. 1A).
The amounts of some bioactive compounds contained in KKT were
confirmed as follows; 27—81 mg geniposide, 6—18 mg glycyr-
rhizinic acid, 0.8—3.2 mg saikosaponin b2 in 5 g of KKT."

Based on our primary experiment (data not published) and
previous reports'>~!” showing beneficial effects of KKT in rodents
by using 200—2000 mg/kg/day, KKT was freshly dissolved in
distilled water and orally administered to the rats 30 min before the
start of CRS at 300 or 1000 mg/kg/day. Vehicle treated rats were
received a constant volume of distilled water (10 ml/kg) at the same
time.

2.3. Experimental design

Rats were randomly assigned to one of the four experimental
groups: control group (CON, without restraint stress; n = 5),
chronic restraint stress (CRS; n = 5), CRS + KKT 300 mg/kg/day
(CRS + KKT300; n 5), and CRS + KKT 1000 mg/kg/day
(CRS + KKT1,000; n = 5).

2.4. Restraint stress

Rats were restrained for 6 h/day (09:00—15:00 h) in an acrylic
made immobilization box (W x L x H=5 x 15 x 5.5 cm) for 21
consecutive days. The cages were adjusted to prevent any move-
ments of the animal. The CON rats were kept in their home cages
without access to both food and water during the 6-h CRS. The body
weight and 24 h consumptions of food and water were measured
daily. The schematic design of the experiment is shown in Fig. 1B.

2.5. Behavioral tests

2.5.1. Open field test (OFT)

The OFT was performed using a 90 x 90 cm square field with
40 cm-high walls. Each rat was placed in the center of the field and
tested for 5 min. Total distance, the number of entries into the
central zone (45 x 45 cm, the central zone), distance traveled, and
time spent in it and in the remaining area near the walls (the pe-
ripheral zone) were recorded. The data analysis was performed
automatically using SMART video tracking software (version 3.0.05,
Panlab, Spain).

2.5.2. Sucrose preference test (SPT)

Individually housed rats were trained to drink water from two
bottles for 2 days. The bottles and food were removed 12 h before
the test. The changes in the weight of the two bottles containing tap
water or 2 % sucrose solution were measured 24 h after putting
back the bottles. The two bottles were placed randomly and the
position was changed after 12 h. Sucrose preference was calculated
by the following formula: (the weight of consumed sucrose solu-
tion)/[the weight of consumed (sucrose solution + drinking
water)] x 100.

2.5.3. Forced swimming test (FST)

The FST was conducted for 5 min by placing rats in individual
acrylic cylinders (50 cm height x 20 cm diameter) filled with water
(24 °C) 33 cm deep. All rats experienced a training session for
15 min on the day before the test. The time spent climbing,
swimming, and being immobile were determined. The data was
acquired and analyzed by the SMART software.
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Fig. 1. (A) Constituents of the KKT extract identified by 3D-HPLC (provided by Tsumura & Co). (B) The schematic experimental design for treatments and behavioral tests. KKT or
vehicle was administrated to the rats before subjected to daily 6-h CRS for 21 days. OFT: open field test; SPT: sucrose preference test; FST: forced swimming test.

2.5.4. Plasma concentration of corticosterone

Blood samples were collected on the final day of the experiment.
The samples were spun at 3000 g for 10 min at 4 °C to separate the
plasma. The Plasma samples were stored at —80 °C until assay.
Corticosterone (CORT) levels were determined by Enzyme-linked
immunosorbent assay (ELISA) kit (Enzo Life Science, NY, USA), ac-
cording to the manufacturer's instructions.

2.6. Immunohistochemistry

Rats were deeply anesthetized 16 h after the FST with intra-
peritoneal administration of a combination of three anesthetics
medetomidinehydrochloride, 0.3 mg/kg (Domitol; Nippon Zenyaku
Kogyo Co.,Ltd., Fukushima, Japan); midazolam, 4.0 mg/kg (Sandoz;
Sandoz K.K. Tokyo, Japan) and butorphanol, 5.0 mg/kg (Vetorphale;
Meiji Seika Pharma Co., Ltd., Japan), and intracardially perfused
with cold phosphate buffered saline (PBS) at pH 7.4, followed by 4 %
paraformaldehyde in 0.1 M PBS. After perfusion, brains were
removed and further fixed in the same PFA solution overnight. The
brains were equilibrated in 30 % sucrose. The tissues were subse-
quently embedded and frozen in the Tissue-Tek OCT compound
(Tissue-Tek, Sakura Finetek, Tokyo Japan) and stored at —80 °C until
sectioning. After cutting the tissue into 30 um thickness using a
cryostat (CM1860; Leica Biosystems, Germany), immunostaining
was performed on 6 series of free-floating hippocampal sections.
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Sections were rinsed three times in PBS, subsequently incubated
with blocking solution (10 % goat serum with 0.3 % Triton X-100 in
PBS). The sections were then incubated with following primary
antibodies for 48 h at 4 °C; anti-doublecortin (DCX) antibody
(1:200, #ab18723, Abcam, MA, USA) or anti-Ki67 antibody (1:100,
#ab15580, Abcam) and anti-Neu N (1:500, #MAB377, Millipore, CA,
USA). Alexa-Fluor 488 (1:200, Invitrogen, CA, USA) and Alexa-Fluor
546 (1:200, Invitrogen) were used as secondary antibodies (1 h at
room temperature). Sections were subsequently mounted on slides
and coverslipped with mounting medium containing DAPI (Santa
Cruz Biotechnology, CA, USA).

Immunofluorescent images were obtained with Olympus
FV1000D confocal microscope (Olympus, Tokyo, Japan). DCX- and
Ki67-positive cells were counted along the DG of the six hippo-
campal sections.

2.7. Statistical analysis

All data are presented as means and standard deviation (SD).
The statistical significance was determined by one-way ANOVA
followed by Tukey's HSD post-hoc test, using SPSS ver. 25 (IBM
Japan, Tokyo, Japan). The relationship between the CORT levels and
percentage of adrenal gland/body weight was assessed by the
Pearson's correlation coefficient test. In all cases, a value of p < 0.05
was considered statistically significant.
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Fig. 2. KKT rescued the reduced body weight gain caused by CRS. (A) Body weight changes of rats compared to the body weight of Day 0. (B) Total body weight gain on the Day 21.
CRS + KKT300: rats administered 300 mg/kg KKT daily with CRS, CRS + KKT1000: rats administered 1000 mg/kg KKT daily with CRS. Values are the mean + SD, **p < 0.01,

=xxp < 0,001 vs CON; #p < 0.05, #p < 0.01, **#p < 0,001 vs CRS group.

3. Results

3.1. Negative effect of CRS on body weight gain and an ameliorating
action of KKT

The negative effect of CRS on body weight gain has appeared
from day 3 (Fig. 2A). The reduced weight gain continued until the
end of the experiment (Fig. 2A and B). KKT administration at the
dose of 1000 mg/kg/day significantly rescued this decline. KKT
(300 mg/kg/day) almost completely blocked the loss of body
weight gain caused by CRS (Day 21: F(3,19) = 23.6, p < 0.001)
(Fig. 2A and B).

The daily food intake was reduced by CRS from day 2 to day 15,
which seems not to be restored by KKT administration (Fig. 3A). The
two doses of KKT showed an undistinguishable food intake during
the period of CRS. Both CRS and KKT had no strong effect on the
daily water intake (Fig. 3B).

3.2. KKT inhibited the CRS-induced increase in plasma
corticosterone levels and adrenal hypertrophy

Daily 6-h CRS for 21 days significantly increased plasma CORT
levels (F(3,20) = 12.3, p < 0.001) and the adrenal gland/body weight
ratio (F(3,20) = 10.6, p < 0.001) (Table 1). KKT administration
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Fig. 3. Effects of CRS and KKT on (A) daily food intake and (B) daily water intake. Values are the mean + SD, *p < 0.05, **p < 0.01 vs CON group.
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Table 1
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Changes in plasma CORT levels and percentage of the adrenal gland weight to the body weight after CRS and KKT treatment. n = 5, data
represent mean + SD. ***p < 0.001 vs CON; *p < 0.05,*p < 0.01,*#p < 0.001 vs CRS group (Tukey's HSD post-hoc test).

plasma corticosterone (ng/ml)

adrenal grand/body weight (%)

CON 70.5 + 44.8

CRS 201 + 50.2 ***
CRS + KKT300 62.8 + 21.8 ###
CRS + KKT1000 105 + 18.6 ##

0.0168 + 0.00108
0.0226 + 0.00146 ***
0.0186 + 0.00167 ##
0.0190 + 0.00198 #

inhibited the CRS-induced increase of these parameters in both
doses (300 and 1000 mg/kg/day) (Table 1). A significant positive
correlation between the plasma CORT levels and the adrenal gland/
body weight ratio was revealed by the Pearson's correlation coef-
ficient (r = 0.628, p < 0.01).

3.3. The CRS-induced anxiety- and depressive-like behaviors were
restored by KKT

We determined whether KKT ameliorates the anxiety- and
depressive-like behaviors induced by CRS. CRS for 21 days clearly

CRS + KKT300

developed anxiety-like behavior in the OFT (Fig. 4). The time spent
in the central and peripheral zone was significantly decreased
(F(3,19) = 733, p < 0.01) (Fig. 4A and B) and increased
(F(3,19) = 742, p < 0.01) (Fig. 4A and C) respectively, compared to
the CON group. KKT (1000 mg/kg/day) administration restored
these values (Fig. 4B and C). KKT (300 mg/kg/day) significantly
blocked to decrease the time spent in the peripheral zone (Fig. 4C).
This dose of KKT did not show a significant effect in the CRS-
reduced time spent in the central zone although it showed a ten-
dency to improve that (p = 0.057 vs CRS) (Fig. 4C). The values of
percentage of distance traveled in the central zone (F(3,19) = 6.78,

CRS + KKT1000
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Fig. 4. Effects of KKT against CRS-induced anxiety-like behavior observed in the open field test. (A) Representative trajectories of rats' movement during the 5-min test period. The
central zone is shown by a square with dot line in each field. Time spent in (B) the central zone and (C) the peripheral zone. (D) Percentage of distance traveled in the central zone.
(E) The number of entries into the central zone. (F) Total distance traveled in the field during the test. Values are the mean + SD, **p < 0.01, ***p < 0.001 vs CON; *p < 0.05,

##p < 0.01 vs CRS group. N.S., not significant.
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p < 0.01) (Fig. 4D) and the number of entries into the central zone
(F(3,19) = 11.9, p < 0.001) (Fig. 4E) were decreased in the CRS group,
which were clearly recovered by both doses of KKT treatment.
There was no statistical significance in the total distance traveled
during the test among four groups (F (3,19) = 3.192, p > 0.05)
(Fig. 4F).

To evaluate anhedonic behavior and behavioral despair in rats,
the SPT and FST were employed (Fig. 5). Rats exposed to CRS
showed a significant reduction in the percentage of sucrose con-
sumption (F(3,19) = 16.6, p < 0.001) (Fig. 5A), suggesting that 21-
day CRS induced anhedonia in rats. Both doses of KKT inhibited
developing anhedonia-like behavior in rats with CRS (Fig. 5A). The
rats of the CRS group also exhibited behavioral despair as signifi-
cantly increased immobility time (Immobility: F (3,19) = 15.9,
p < 0.001) and decreased climbing time (Climbing: F(3,19) = 7.93,
p < 0.01) (Fig. 5B) in the FST. These changes in depressive-like be-
haviors were suppressed close to the CON group by daily admin-
istration of KKT at both doses (Fig. 5B). No significant difference was
observed in swimming time among all groups (Fig. 5B). These data
suggest that KKT in the dose of 300—1000 mg/kg/day has an anti-
depressant-like effect on the CRS-induced anxiety- and
depressive-like behaviors.

3.4. KKT ameliorated the impaired hippocampal neurogenesis
caused by CRS

We next investigated the effect of CRS and KKT treatment in
hippocampal neurogenesis. Immunohistochemical analysis
showed that CRS for 21 days remarkably reduced the number of
proliferating cells and immature neurons in the DG (Figs. 6 and 7).
The reduction in the number of Ki67-positive proliferating cells in
the DG was almost completely blocked by KKT (F(3,70) = 19.2,
p < 0.001) (Fig. 6A and B). Similarly, the number of DCX-positive
immature newborn neurons was dramatically reduced by CRS,
which was recovered by KKT administration (F(3,74) = 21.8,
p < 0.001) (Fig. 7A and B). No significant difference was observed
between the two groups of CRS + KKT. These data clearly showed
the negative effect of CRS on the proliferation of NSPCs and sur-
vival/maturation of newly generated neurons, and the protective
effect of KKT against CRS.

4. Discussion

This study was undertaken to determine whether oral KKT
treatment can attenuate the behavioral changes and neuronal
damages induced by CRS for 21 days since it has been used as an
anti-anxiety medication in traditional medicine. To the best of our
knowledge, this is the first report revealing the antidepressant-like
effect of KKT through restoring hippocampal neurogenesis under
depressive conditions.
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The CRS paradigm used in this study was a strong stressor that
changed physiological parameters, such as reduction in body
weight gain, hypercorticosteronemia, and hypertrophy of the ad-
renal gland, in line with the previous reports using similar stress
paradigms.>'® Although less body weight gain was observed in the
CRS + KKT1000 group compared to the CON and CRS + KKT300
group, other CRS-induced physiological changes were prevented by
simultaneous treatment with KKT at both doses. The tendency of
losing body weight observed on the first four days of the stress
paradigm has occurred parallelly with the reduction of food intake.
However, while food intake in the CRS rats gradually caught up
with the CON levels, it was not accompanied by the recovery of the
body weight gain. One possible reason is the sustained elevation of
CORT levels in the CRS rats. Kim et al. reported that the changes in
plasma CORT levels in mice following restraint stress were nega-
tively correlated with the changes in body weight.”> Glucocorti-
coids are able to promote the catabolism of muscle and adipose
tissues, which leads to a reduction in body weight gain.

We also confirmed the CRS-induced anxiety- and depressive-
like behaviors similar to the previous studies.* In the OFT, the
CRS rats tended to stay close to the walls of the arena, which reflects
the fear to explore the central zone and new environment. This
anxious behavior was completely suppressed by the KKT treat-
ment. Similarly, the anxiolytic effect of repeated KKT administra-
tion was demonstrated in the elevated plus maze (EPM) test.!”
Furthermore, extract of Zingiberis Rhizoma (£ %; sheng jiang),>® a
component of KKT, and rutin, a major flavonoid component of
Zizyphi Fructus (X2; da z&o)’! independently showed an anxio-
lytic effect in the EPM test. Therefore, it is possible that the anxi-
olytic effect of KKT may act through multiple neuropathways rather
than a single neurotransmitter system.

Despite some studies reported reduced locomotor activity after
chronic stress,*!'# our results supported other reports showing no
remarkable change in locomotor activity.’>?*> This discrepancy
could attribute to the use of different strains of animals, chronic
stress models, and arena dimensions.

The decrease in sucrose preference and the increase in immo-
bility time in the FST in our experiment demonstrated that a rat
model of depression was successfully established by our CRS pro-
cedure. It was reported that depressed patients and suicide vic-
tims®* also showed enlarged adrenal gland (hypertrophy), which
probably due to the impaired negative feedback function of the HPA
axis that leads to enhancement of CORT production. Thus, it is
plausible that KKT exerted antidepressant-like effects via the
functions of some therapeutic compounds that directly target the
HPA axis. It was also reported that geniposide, a major compound in
Gardeniae fructus (W4 F; shan zhi zi), functions as monoamine
oxidase (MAO)-B inhibitor.>> Moreover, treatment with geniposide
exerts antidepressant-like effects in CRS-induced depressive mice
via glucagon-like peptide-1 receptor (GLP-1R)/AKT signaling

[ con

Il crs

CRS + KKT300
CRS + KKT1000

Climbing

Swimming

Fig. 5. Effects of KKT on CRS-induced depressive-like behaviors. Depressive-like behaviors were assessed by (A) the sucrose preference test (anhedonia) and (B) the forced
swimming test. Values are the mean + SD, **p < 0.01, ***p < 0.001 vs CON; *p < 0.05, *p < 0.01, **p < 0.001 vs CRS group. N.S., not significant.
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Fig. 6. KKT restored the reduced NSPCs proliferation in the DG caused by CRS. (A) Proliferating cells in the DG (Ki67-positive cells, green) and neurons (NeuN-positive cells, Red).
Nuclei were visualized by DAPI (Blue) (B) Quantitative data of the number of Ki67-positive cells/mm in the DG. The hippocampal sections were obtained from 3 to 4 rats in each
group. The number of sections determined in this experiment were: CON, 15; CRS, 16; CRS + KKT300, 21; CRS + KKT1000, 19. Values are the mean + SD, ***p < 0.001 vs CON;
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Fig. 7. KKT suppressed the CRS-induced decline in the number of immature neurons. (A) immature newborn neurons in the DG were visualized as DCX-positive cells (Green). Nuclei
were visualized by DAPI (Blue) (B) Quantitative analysis of the number of DCX-positive cells/mm in the DG. The hippocampal sections were obtained from 3 to 4 rats in each group.
The number of sections determined in this experiment were: CON, 19; CRS, 18; CRS + KKT300, 19; CRS + KKT1000, 22. Values are the mean =+ SD, ***p < 0.001 vs CON; **#p < 0.001

vs CRS group. White bar = 200 pm.

pathway.?® In this regard, the presence of geniposide as a bioactive
compound in KKT may at least partly explain the antidepressant-
like effect demonstrated in the present experiment although the
detailed molecular mechanisms through which KKT prevents CRS-
induced depressive behavior need to be explored.

The hippocampus is a key brain region for memory, cognition,
mood, and emotion while it is highly sensitive to glucocorticoid
hormones. The DG region contains a high density of glucocorticoid
receptors and it is one of the two regions in the adult mammalian
brain that can give rise to new neurons. Chronic administration of
glucocorticoids and the chronic stress-induced elevated glucocor-
ticoids levels have been reported to affect cell proliferation,
neuronal differentiation as well as cell survival, which in turn
induced anxiety- and depressive-like behaviors in rodents.>’
Although some studies suggest that the suppression of hippo-
campal neurogenesis may not be essential to develop depressive
symptoms and the restoration of HPA axis feedback function is
sufficient to maintain the therapeutic effect, other reports clearly
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showed that enhanced neurogenesis is necessary and sufficient for
the effects of antidepressants in the rodent models of
depression.!%!!

In accordance with the above observations, our findings
confirmed that CRS markedly suppressed cell proliferation (Ki67
positive cells) coupled with neurogenesis (DCX positive cells) in the
hippocampus, suggesting a possible relationship between the
reduced neurogenesis and their anxiety- and depressive-like be-
haviors. It is well established that a neurotrophin BDNF (brain-
derived neurotrophic factor) positively regulates neurogenesis,
differentiation, survival, and plasticity of NSPCs and new-born
neurons in the adult brain and its expression is negatively regu-
lated by stressful conditions.*>'® Ye et al. reported that genipin
which is generated by removing a glucose from geniposide con-
tained in KKT could increase BDNF expression in the hippocampus
by inhibiting the DNA methyltransferase 1 (DNMT1) in mice.”’
Since KKT treatment suppressed the CRS-induced depressive be-
haviors and rescued cell proliferation and neurogenesis, it is
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possible that geniposide can be one of the active compounds in the
antidepressant-like activity of KKT. We, however, have to keep in
mind that KKT is a mixture of fourteen plants, including Ginseng
Radix (A2; Rén Sheén), Polygalae Radix (G2 ; yuan zhi), Astragali
Radix (#%&; huang qi), and Gardeniae Fructus (LL#&F; shan zhi zi),
which have been reported to contain several bioactive compounds
such as flavonoids, terpenoids, and saponins with strong antioxi-
dant, anti-inflammatory, and neuroprotective effects.’* 2 The
exposure to prolonged stress or high levels of glucocorticoids can
increase ROS (reactive oxygen species) in the hippocampus, which
causes a severe reduction in neuronal production.>> As KKT con-
tains a large number of antioxidant molecules that can modulate
the intracellular signaling cascades and lipid kinases. Therefore,
KKT might have protected NSPCs and new-born neurons from the
ROS-dependent adverse effects on neurogenesis.

The precise mechanisms by which KKT exerted the anti-anxiety
and antidepressant-like effects and improved hippocampal neu-
rogenesis are not completely known and determining the functions
of all compounds in KKT are not easy. It is important, however, to
consider that the synergistic and additive effects of multiple com-
pounds targeting different targets are necessary for herbal/kampo
medicine. The absence of a positive control group was a limitation
of the present study. Future studies, therefore, could focus on
clarifying the molecular mechanisms of the anti-anxiety and anti-
depressive effects of KKT, comparing to the action of positive con-
trols whose mechanisms are well established.

5. Conclusion

In conclusion, the present investigation gives evidence to sup-
port the use of KKT as a medication for anxiety and depression. It
also demonstrated that KKT treatment can protect neurogenesis in
the hippocampus under stressful conditions.
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