


Quantification results showed significantly increased 
Iba1 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, CA1, and 

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 CA1 region, representative photomicro-
graphs showed a higher expression level of GFAP 
immunoreactivity in the LPS group than sham and 

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.l） were shown. The scale bar indicates 100 μm.
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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 

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.
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caused neuroinflammation in animal model of de-
pression ［12–14］. Interestingly, we found that NYT 
treatment significantly reduced Iba1 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/6J 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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