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Depression is one of the most common mental
disorders. Glial cells have been reported to play a
role in the pathogenesis of depression. Meanwhile,
Ninjin'yoeito (NYT), a Kampo medicine, is a
multi-component drug that was reported to improve
depressive symptoms in patient and animal models.
In addition, some of its components have an effect
on glial cells. However, the mechanism remains un-
clear. The study’'s aim was to investigate the effect
of NYT in recovering depressive-like behavior and
glial pathological changes in the hippocampus in-
duced by lipopolysaccharide. Here, we showed that
NYT improved the forced swim test performances
of the rat. Furthermore, NYT also inhibited microg-
lial activation in the hippocampus, but the results
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were different in astrocytes. These results suggest
that NYT alleviates depressive-like behavior, and the
effect may be associated with the attenuation of gli-
al cell activation.
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INTRODUCTION

Depression is the most common psychiatric disorder
[1-4]. Characteristic symptoms of depression in-
clude a sad mood, despair, anhedonia, and in cases
of severe depression found suicide [5—7]. Post mor-
tem studies suggested that glial pathological chang-
es were involved in the hippocampus of depressed
patients [8—11]. Meanwhile, some animal studies
also reported that activation of glial cells occurs in
animal models of depression [12-14]. Therefore, it

is pointed out that the activation of glial cells may
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play a role in the pathogenesis of depression [15].
In addition, lipopolysaccharide (LPS) is one of the
most commonly used as an active inflammatory sub-
stance to induce depressive-like behavior due to the
glial cell activation in animal studies [16-19].
Ninjin'yoeito (NYT), a prescription derived from
Chinese traditional medicine, it is composed of 12
crude herbs: poria sclerotium, ginseng, astragalus
root, rehmannia root, atractylodes root, angelica root,
peony root, cinnamon bark, citrus unshiu peel, poly-
gala root, glycyrrhiza, and schisandra fruit in a Jap-
anese herbal medicine formula (Table 1) [20, 21].
In clinical studies reported that NYT with donepezil
improved depressive symptoms in Alzheimer's dis-
ease (AD) patients [22]. In addition, NYT could
reduce the symptoms of apathy in AD patients [23].
In the animal depression model, NYT improved de-
pressive-like behavior induced by the chronic corti-
costerone administration [24]. Furthermore, several
studies reported that some active ingredients of NYT
such as ginseng, polygala root, or angelica root sup-
pressed glial cell activation [25-28]. These results
suggest the potentiality of NYT in the suppression
of glial cell activation-related depression behavior.
In the present study, we investigated the effect of
NYT treatment on depressive-like behavior and ac-
tivated glial cells induced by LPS. We hypothesized
that NYT might alleviate depressive-like behavior

Table 1. The composition of ninjin'yoeito. Each 9.0 g of nin-
jin'yoeito extract contains 6.0 g of a dried extract consisting
of the below drugs

The Component’s Name of Formula of NYT*
Crude Drug (€}

Glycyrrhiza 1.0 (3.22%)
Ginseng 3.0 (9.67%)
Peony Root 2.0 (6.45%)
Japanese Angelica Root 4.0 (12.90%)
Polygala Root 2.0 (6.45%)
Poria Sclerotium 4.0 (12.90%)
Cinnamon Bark 2.5 (8.06%)
Atractylodes Rhizome 4.0 (12.90%)
Schisandra Fruit 1.0 (3.22%)
Citrus Unshiu Peel 2.0 (6.45%)
Astragalus Root 1.5 (4.83%)
Rehmannia Root 4.0 (12.90%)

*NYT, ninjin’yoeito

and attenuate microglial and astrocyte activation
in the rat depression model. First, we conducted a
forced swim test (FST) as a despair behavior mod-
el [29], which is one of the most commonly used
tests for animal depressive-like behavior studies [30,
31]. Next, we examined the activation of microglia
and astrocytes in the hippocampus of the rat depres-
sion model. Microglia and astrocytes are the most
important glial cells as the inflammation response
and innate immunity in the central nervous system
[32-36].

MATERIALS AND METHODS

Animals

Wistar male rats, eight-week-old (Japan SLC, Inc.,
Shizuoka, Japan), were used in the current study.
Animals were housed in groups under standard con-
ditions with 12 h light/12 h dark cycle (lights on
from 7:00 to 19:00), a temperature of 23 + 2T
with a humidity level of 55 * 5%, and free ac-
cess to food and water. Handling procedures were
performed to reduce the experimental stress for
one week before the experiment. The experimental
protocol was reviewed and approved by the Shi-
mane University Animal Ethics Committee under
the guidelines of the National Health and Medical
Research Council of Japan (Authorization No: 1Z2-
104).

Drugs
Ninjin'yoeito (NYT; TJ-108, Lot no. 2180108010)
was supplied by Tsumura & Co., Tokyo, Japan,
in dry powder form and dissolved using distilled
water. A dose-escalation trial was performed to de-
termine the dose of NYT to be used (unpublished
data), and the dose range was based on reports of
previous animal experiments [24, 37]. Five differ-
ent doses were tested (500 to 10,000 mg/kg body
weight/day). Furthermore, we observed the influence
on behavior tests and side effects such as weight
loss, diarrhea, and vomiting [38, 39]. Finally, the
dosage of 2000 mg/kg body weight/day was select-
ed for use in this study.

Lipopolysaccharide (Escherichia coli serotype
0111:B4; Sigma-Aldrich) was dissolved with sa-

line before use. The dosage of LPS was determined
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based on preliminary study results of the LPS ef-
fect on microglia activation (unpublished data); the
doses of 0.1, 0.5, and 1 mg/kg body weight every
other day were chosen in accordance with previous
reports showing that these doses were effective in
inducing depressive-like behavior in animals [40—
42]. Finally, the preliminary study results indicated
dosage of 1 mg/kg body weight every other day.

Experimental Protocol

The rats were divided into four groups (n = 6):
sham, NYT, LPS, and NYT-LPS. NYT or distilled
water as control was administered orally by intra-
gastric gavage once daily in the morning (8:00 to
11:00) from day 1 to day 16 (Fig. 1). LPS or sa-
line as control was administered after NYT via in-
traperitoneal injection every other day for a total of
eight times. Meanwhile, body weight was monitored
and recorded every day before drug administration.
Furthermore, habituation of the forced swim test
was performed on day 16 before drug administra-
tion and the real test was performed on the next
day. Next, brain samples were collected immediately
after completing the behavioral tests for immunohis-
tochemistry analysis.

FST

Depressive-like behavior was analyzed by immobil-
ity time in the FST. This behavioral test measures
the rat’s efforts to escape from the water cylinder,
but, consequently will show immobility that may

resemble a behavioral despair [31]. The FST was

performed as previously reported with some modi-
fications [13, 31, 43]. Briefly, each rat was placed
individually and gently in a plastic cylinder (diam-
eter 19 c¢cm) filled with 10 L water (temperature
25 + 2T, depth 40 cm) for two consecutive days.
The rat was unable to touch the top and bottom
of the cylinder. After completing each trial, the rat
was dried with a towel and placed in an incubator
to prevent hypothermia, then returned to the home
cage. In addition, the cylinder was washed, dried,
and refilled water to avoid impact on subsequent
animals. The rat was gently placed in water for 15
minutes as habituation on the first day. The next
day, the rat was gently placed in the water and its
behavior was recorded on a video camera for 6
minutes. The immobility time that occurred during
the test was calculated manually by a blind trained
observer. Rats was considered immobile when they
remain afloat without struggling, less moving, and
they move only to keep their heads above the sur-
face of the water.

Brain Section Preparation

Brain sections were prepared as described previously
with some modifications [13]. In brief, we used a
mixture of three drugs: 2 mg of midazolam (Dor-
micum, Astellas Pharma, Tokyo, Japan), 0.15 mg of
medetomidine (Domitor, Nippon Zenyaku Kogyo,
Tokyo, Japan), and 2.5 mg/kg body weight of bu-
torphanol (Vetorphale, Meiji Seika Pharma, Tokyo,
Japan), and 0.9% saline (Otsuka Pharmaceutical
Factory, Tokushima, Japan) was added to adjust the

+ FST1* day (habituation)
« Afterthetest, NYT and
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Figure 1. Experimental protocol.

were sacrificed

NYT, ninjin’yoeito; LPS, Lipopolysaccharide; FST, forced swim test; b.w., body weight.



mixture to 0.5 mL/100 g body weight to induce
deep anesthesia via intraperitoneal injection. The rats
were perfused with 500 mL of physiological saline,
followed by 500 mL of 4% paraformaldehyde in
phosphate buffer solution (Fujifilm, Wako, Osaka,
Japan) via transcardial. The brains were shortly
taken and post-fixed with 4% paraformaldehyde in
phosphate buffer solution at room temperature (RT)
for 4 h. Next, the brains were immersed in 10%
sucrose solution at 4C overnight and were subse-
quently immersed in 20% sucrose solution at 4T
overnight. Then, the brains were put in the frontal
plane and cut into 40-um thickness slices using a
freezing microtome (Microm HM 430; Thermo Sci-

entific, Germany).

Immunohistochemistry of Glial Markers

Meanwhile, to evaluate the glial cell activation, we
used ionized calcium-binding adaptor molecule 1
(Ibal) for activated microglial cells [44] and glial
fibrillary acidic protein (GFAP) for activated as-
trocytes cells [45]. Immunohistochemical staining
was conducted as described previously with some
modifications [13, 46]. Free-floating brain tissue
sections were incubated in 1% H,0, for 30 min
at RT. Subsequently, tissue sections were incubated
with 0.2% Triton-X and 1.5% normal horse serum
in 0.1 M phosphate buffer for 1 h at RT. Then, the
sections were incubated with the following primary
antibodies: rabbit anti-Ibal (1:2000, Wako, Osaka,
Japan) and goat anti-GFAP (1:2000, Abcam plc.,
Cambridge, UK) overnight. Next, the sections were
incubated with biotinylated anti-rabbit (or anti-goat)
IgG antibody (1:1000, standard ABC kit, Vector
Laboratories, Inc., CA, USA) for 1 h at RT. Fur-
thermore, the sections were incubated with an avi-
din-biotin-peroxidase complex in phosphate-buffered
saline (PBS) for 1 h. The sections were incubated
in PBS containing 0.1% H,O, and 0.5% diamino-
benzidine (DAB) to promote immunoreactivity for
10 min. Then, the sections were rinsed with PBS
for 30 minutes to stop the DAB reaction. Final-
ly, the sections were mounted onto gelatin-coated
slides. And, the sections were immersed in graded
alcohol solutions for dehydration. Subsequently, the
sections were covered with mounting medium and a

coverslip (Matsunami Glass, Osaka, Japan).
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Immunohistochemistry Image Analysis

Pure black and white analysis were performed to
measure microglia and astrocyte immunoreactivity
intensity via DAB staining as described previously
with some modifications [47]. A pure black and
white analysis were conducted using Imagel soft-
ware (Image] 1.52a, National Institutes of Health,
MD, USA). DAB images were captured with a
20x objective lens using the BZ-X700 all-in-one
microscope (Keyence, Osaka, Japan) at three ar-
eas of interest in the hippocampal formation, the
dentate gyrus (DG), cornu ammonis (CA) 1, and
CA3 regions. Specific arecas were traced and cap-
tured manually using Image] software for analysis
by a trained observer in a blinded manner. Twenty
images were obtained bilaterally from each area,
and in total, 60 images were analyzed from each
rat. All immune-labeled elements were automatically
converted beyond the threshold range to pure black
pixels, and then the remaining image area was con-
verted to pure white pixels (Fig. 2). The percentage
of pure black pixels was calculated automatically by

the software for statistical analysis.

Statistical Analysis

All data were presented as the mean *+ standard
error of the mean (S.E.M.). We use a one-way
analysis of variance followed by a post hoc Tukey's
honestly significant difference test to evaluate the
differences among groups. The statistical analyses
were performed with SPSS software (IBM SPSS
Statistics for Windows Version 23, SPSS Japan Inc.,
Tokyo, Japan), and the p-value was statistically sig-
nificant when less than 0.05. All figures were pre-

pared using Microsoft Excel.

RESULTS

Basic Characteristics (Body Weight Profiles)

Body weight was monitored as a dose adjustment of
drug administration and evaluation of the rat's phys-
iological response to stress [48]. The average body
weight was 295.46 = 9.26 g in the sham, 294.27
+ 3.00 g in the NYT, 255.85 = 9.31 g in the LPS,
and 281.24 = 7.59 g in the NYT-LPS groups after
16 days of drug administration. These findings sug-
gest that LPS inhibited weight gain, but, NYT did
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Figure 2. Representative black and white photomicrographs were used for glial cell activation analysis.
Original and black/white photomicrographs of dentate gyrus (DG) region (A), cornu ammonis (CA) 1 (B), and
CA3 (C) were shown. The scale bar was 100 um. IHC, immunohistochemistry.

not significantly recover it.

Effect of Treatment with NYT on Immobility Time
in the Forced Swim Test

Immobility time increased significantly in the LPS
(181.17 + 38.28 s) group compared to the sham
(39.17 £ 4.29 s) and NYT (63.00 + 27.02 s)
groups (Fig. 3). Furthermore, the NYT-LPS (68.83
+ 11.39 s) group shows a significant decrease in
immobility time compared to the LPS group (Fig.
3). These findings suggest that NYT improves
LPS-induced depressive-like behavior.

300 -
A *

s ——ll \
<
<
€ 200
2
v
-..5150
=
=
£ w0 |
&

N -

0 T

Sham NYT

' LPS ' NYT-LPS
Figure 3. The effects of ninjin'yoeito (NYT) on immobility
time in the forced swim test induced by lipopolysaccharide
(LPS).

The immobility time was evaluated as described in the Ma-
terials and Methods section. Four groups of rats were used,
and each group had six rats. Each value expressed the mean
+ S.E.M. Statistical significance is shown as follows: *p <
0.05, **p < 0.005, n.s., not significant.

Effect of NYT on Microglial Activation in the Hip-
pocampus

Microglial activation was examined in three differ-
ent hippocampus areas: the DG, CAl, and CA3. In
the DG area, representative photomicrograph images
showed a higher expression level of Ibal immuno-
reactivity in the LPS group than sham and NYT.
Meanwhile, LPS-induced Ibal expression levels
were decreased with NYT administration (Fig. 4A).
Quantification analysis showed that Ibal immunore-
activity was increased significantly in the LPS group
compared to sham and NYT. At the same time, the
NYT-LPS group showed a significant decrease com-
pared to the LPS group (Fig. 5A).

For the CAl region, representative photomicro-
graphs showed a higher expression level of Ibal
immunoreactivity in the LPS group than sham and
NYT. However, there has no difference between the
NYT-LPS and LPS groups (Fig. 4B). The analy-
sis result showed that Ibal immunoreactivity was
increased significantly in the LPS group compared
to sham and NYT. However, no significant differ-
ence was found between the NYT-LPS and the LPS
groups (Fig. 5B).

In the CA3 regions, representative photomicro-
graphs showed a higher expression level of Ibal
immunoreactivity in the LPS group than sham and
NYT. At the same time, no differences were found
between the NYT-LPS and LPS groups (Fig. 4C).
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Figure 4. The effects of ninjin'yoeito (NYT) on microglial activation in the hippocampus induced by lipopolysaccha-
ride (LPS).

Representative black and white photomicrograph of ionized calcium-binding adaptor molecule 1 (Ibal) immunoreactiv-
ity in the dentate gyrus (DG) (A) region of the sham group (A.a), ninjin'yoeito (NYT) group (A.b), lipopolysaccha-
ride (LPS) group (A.c), and NYT-LPS group (A.d); in the cornu ammonis 1 (CA1) (B) region of the sham group
(B.e), NYT group (B.f), LPS group (B.g), and NYT-LPS group (B.h); in the CA3 region (C) of the sham group (C.i),
NYT group (C.j), LPS group (Ck), and NYT-LPS group (C.1) were shown. The scale bar indicates 100 pm.
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Figure 5. The effects of ninjin'yoeito (NYT) on microglial activation in the hippocampus induced by lipopolysaccha-
ride (LPS).

Quantification analysis of ionized calcium-binding adaptor molecule 1 (Ibal) immunoreactivity was done as described
in the Materials and Methods section. Analysis results of the dentate gyrus (DG) (A), cornu ammonis 1 (CA1) (B),
and CA3 (C) regions were shown. Four groups of rats were used, and each group had six rats. Each value expressed
the mean + S.E.M. Statistical significance is shown as follows: *p < 0.05, **p < 0.005, n.s., not significant.
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Quantification results showed significantly increased
Ibal immunoreactivity in the LPS group compared
to the sham and NYT. However, there was no sig-
nificant difference between the NYT-LPS and the
LPS groups (Fig. 5C). These findings suggest that
NYT attenuates microglial activation in the hippo-
campus, especially in the DG region, of the LPS-in-
duced depression model.

Effect of NYT on Astrocytes Activation in the Hip-
pocampus

Astrocytes activation also was examined in three
different hippocampus areas: the DG, CAl, and

A.DGregion
BeAln

Wiyt

NYT

LPS

ar

CA3. In the DG area, representative photomicro-
graph images showed a higher expression level
of GFAP immunoreactivity in the LPS group than
sham and NYT. However, there has no difference
between the NYT-LPS and LPS groups (Fig. 6A).
Quantification analysis showed that GFAP immu-
noreactivity was increased significantly in the LPS
group compared to sham and NYT. Meanwhile, the
NYT-LPS group showed no significant difference
compared to the LPS group (Fig. 7A).

In the CAI region, representative photomicro-
graphs showed a higher expression level of GFAP
immunoreactivity in the LPS group than sham and

2 iy s e
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Figure 6. The effects of ninjin'yoeito (NYT) on astroglial activation in the hippocampus induced by lipopolysaccharide

(LPS).

Representative black and white photomicrograph of glial fibrillary acidic protein (GFAP) immunoreactivity in the den-
tate gyrus (DG) (A) region of the sham group (A.a), ninjin'yoeito (NYT) group (A.b), lipopolysaccharide (LPS)
group (A.c), and NYT-LPS group (A.d); in the cornu ammonis 1 (CA1) (B) region of the sham group (B.e), NYT
group (B.f), LPS group (B.g), and NYT-LPS group (B.h); in the CA3 region (C) of the sham group (C.i), NYT
group (C.j), LPS group (C.k), and NYT-LPS group (C.1) were shown. The scale bar indicates 100 pm.
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Figure 7. The effects of ninjin'yoeito (NYT) on astroglial activation in the hippocampus induced by lipopolysaccharide

(LPS).

Quantification analysis of glial fibrillary acidic protein (GFAP) immunoreactivity was done as described in the Materi-
als and Methods section. Analysis results of the dentate gyrus (DG) (A), cornu ammonis 1 (CA1) (B), and CA3 (C)
regions were shown. Four groups of rats were used, and each group had six rats. Each value expressed the mean + S.E.M.
Statistical significance is shown as follows: *p < 0.05, **p < 0.005, n.s., not significant.

NYT. However, there has no difference between the
NYT-LPS and LPS groups (Fig. 6B). The quan-
tification analysis result showed that GFAP immu-
noreactivity was increased significantly in the LPS
group compared to sham and NYT. However, no
significant difference was found between the NYT-
LPS and the LPS groups (Fig. 7B).

In the case of CA3 region, representative pho-
tomicrographs showed a higher expression level
of GFAP immunoreactivity in the LPS group than
sham. At the same time, no differences were found
in the LPS group compared to the NYT and NYT-
LPS groups (Fig. 6C). Quantification results showed
significantly increased GFAP immunoreactivity in the
LPS group compared to the sham. However, there
has no significant difference between the LPS group
with the NYT and NYT-LPS groups (Fig. 7C). Our
findings suggest that LPS-induced astroglial acti-
vation in three different areas of the hippocampus,
and, NYT did not recovered it.

DISCUSSION

NYT medicinal herb consists of twelve crude drug

components, and one of the functions is as anti-in-

flammatory [20, 49, 50]. NYT and its components
have been reported to penetrate the blood-brain bar-
rier [51] and maintain adequate cerebral blood flow
[52]. Therefore, we hypothesized that NYT might
ameliorate LPS-induced depressive behavior and gli-
al cell immunoreactivity.

The present study showed that NYT improves
the immobility time in the FST in animal models
of LPS-induced depression. These findings sug-
gested that NYT improves depressive-like behavior
(despair behavior). A previous study reported that
NYT administration improved the immobility time
of C57BL/6 mice to chronic administration of cor-
ticosterone in the FST and the tail suspension test
[24]. Among the component of NYT, gomisin N,
the active substance of schisandra fruit, was report-
ed to ameliorate the performance of male ddY mice
in the FST by attenuating inflammation in the hypo-
thalamic paraventricular nucleus and central nucleus
of the amygdala [53]. Based on these findings, it
can be speculated that NYT or its components may
improve hippocampal neuroinflammation in animal
models of LPS-induced depressive-like behavior,
which may recover despair behavior.

It is well evidenced that glial cell activation
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caused neuroinflammation in animal model of de-
pression [12-14]. Interestingly, we found that NYT
treatment significantly reduced Ibal expression in
the hippocampal DG, suggesting that NYT attenu-
ates microglial activation induced by LPS. To the
best of our knowledge, this is the first study to in-
vestigate the effects of NYT on microglia patholog-
ical changes in depression animal models. Indeed,
another active component of NYT, tenuigenin (the
active substance of polygala root), inhibits microg-
lial activation and suppresses the release of pro-in-
flammatory cytokines in Parkinson’s animal model
induced by LPS [54, 55]. Furthermore, ginsenoside,
the active substance of ginseng, attenuates microgli-
al activation induced by LPS. The effect was related
to inhibiting pro-inflammatory cytokine release in
the hippocampal DG of male C57BL/6] mice [27].
A previous study reported that yokukansan, whose
components are similar to NYT (Japanese angelica
root, atractylodes rhizome, poria sclerotium, and gly-
cyrrhiza), inhibits microglial activation in the hip-
pocampal DG of schizophrenia animal models [56].
Thus, our results suggest that the active components
of NYT may decrease the release of pro-inflamma-
tory cytokine to attenuate microglial activation in
the hippocampus.

Interestingly, the effect of NYT on microglia ac-
tivation occurs only in the hippocampal DG region.
Previous studies reported that NYT improved im-
mature neurons of male C57BL/6 mice in the DG
region [24], which DG had the most newborn cells
compared to other areas of the hippocampus [57,
58]. On the other hand, previous studies reported
that NYT or its components have a therapeutic ef-
fect on hippocampal DG [24, 27, 56]. However,
to the best of our knowledge, there are no studies
examining the effect of NYT simultaneously in all
areas of the hippocampus than DG only. Thus, the
mechanism is still unclear. Therefore, further studies
are needed.

However, NYT did not affect GFAP expression
in the hippocampus, suggesting that NYT did not
inhibit astrocyte activation induced by LPS. This
result coincides with the previous report that NYT
treatments had no effect on astrocytes cell numbers
in the hippocampus DG of male C57BL/6 mice

induced by chronic administration of corticosterone

[24].

On the other hand, we found that NYT did
not significantly affect weight loss. Bodyweight is
multi-complex regulated by the interaction of some
processes [59]. Our results suggest that NYT has
an effect on the hippocampus and depressive be-
havior, but not on weight loss recovery. Therefore,
body weight may be regulated complex system in-
cluding other brain areas than the hippocampus.

Although the current study indicates the effective-
ness of NYT in improving depression conditions,
we have noted some limitations. First, we found
NYT improved depressive-like behavior and reduced
microglial activation. However, the molecular mech-
anism of the causal relationship between behavior-
al abnormalities and glial pathological changes in
the rat depression models induced by LPS was not
checked. Second, we only performed one depres-
sive-like behavior test and did not use other anti-
depressants as a control. In addition, we found a
difference in body weight between the four groups
in the present study. Body weight bias is associ-
ated with undesirable physical and behavioral test
outcomes [48]. The sham and NYT groups had a
significant difference in body weight than the LPS
group, which might be a bias in their effect on be-
havior test results. At the same time, the LPS and
NYT-LPS groups did not find a significant differ-
ence in body weight that the influence of weight
bias on behavior tests may be ruled out. Further
studies are warranted to check the molecular mecha-
nism of how NYT improves depressive-like behavior

by reducing neuroinflammation.

CONCLUSIONS

In conclusion, the present study shows that NYT
alleviates depressive-like behavior. The effect may
be related to the attenuation of glial cell activation
in the hippocampus of LPS-induced depression ani-
mal models. These findings can be used as a basis
to examine the role of glial pathological changes in

the pathogenesis of depression.
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