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suppressed the expression of interleukin-1β and inducible 
nitric-oxide synthase mRNA and protein in LPS-stimulated 
BV2 cells. These findings suggest that yokukansan reduces 
demyelination owing to anti-inflammatory effects on micro-
glia. As yokukansan has few adverse effects, yokukansan has 
the potential to be a novel option to treat MS.
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Introduction

Multiple sclerosis (MS) is an immune-mediated demyeli-
nating disease of the central nervous system (CNS). In the 
pathology of MS, activation of innate immune cells and 
microglial cells, along with perivascular infiltration of T 
lymphocytes and macrophages, is typically observed [1, 2]. 
In patients with active MS, these cells produce inflammatory 
cytokines, including IL-1β and pro-oxidant molecules such 
as inducible nitric oxide synthase (iNOS) at the lesion site 
[3, 4]. Accumulating evidence indicates that microglial cells 
produce these molecules and have a key role in the initial 
and sustained immune responses observed in the pathology 
of MS [1–5]. Thus, strategies designed to suppress pro-
inflammatory microglial activity are an attractive approach 
to the treatment of MS.

Yokukansan, a traditional Japanese herbal medicine, has 
been reported to have various ameliorative effects on the 
neurological symptoms of patients with Alzheimer’s disease 
or schizophrenia [6–10]. In both diseases, activated micro-
glia were observed [11–14]. In Alzheimer’s disease, micro-
glial activation was observed in entorhinal, temporoparietal, 
and cingulate cortex [12]. In schizophrenia, the significant 
number of the microglia was observed in hippocampus [13] 

Abstract  Multiple sclerosis (MS) is an inflammatory 
demyelinating disease of the central nervous system (CNS). 
The release of inflammatory cytokines and pro-oxidant mol-
ecules from microglia has been shown to play a key role in 
the pathology of MS. Thus, suppression of microglial cell 
activation is an attractive therapeutic option. Yokukansan, 
a traditional Japanese herbal medicine, has been shown to 
suppress microglial activity in the CNS. However, whether 
or not yokukansan reduces demyelination observed in the 
CNS during MS remains unknown. In this study, female 
C57BL/6 mice were fed a diet containing 0.2% cuprizone 
(bis-cyclohexanone oxaldihydrazone) to induce demyelina-
tion in the corpus callosum. We investigated whether or not 
yokukansan reduces cuprizone-induced demyelination using 
immunohistochemical analyses. Furthermore, we examined 
the in vitro anti-inflammatory effects of yokukansan on LPS-
stimulated BV2 cells, a murine microglial cell line. Luxol 
fast blue staining and immunostaining for myelin basic pro-
tein demonstrated that yokukansan reduces demyelination 
of the corpora callosa of cuprizone-fed mice. In addition, 
yokukansan significantly decreased the number of activated 
microglial cells in the corpora callosa of cuprizone-fed 
mice. Furthermore, treatment with 500 μg/ml yokukansan 

 *	 Taichi Nomura 
	 t‑nomura@asahikawa‑med.ac.jp

1	 Department of Functional Anatomy and Neuroscience, 
Asahikawa Medical University, Midorigaoka‑higashi 
2‑1‑1‑1, Asahikawa, Hokkaido 078‑8510, Japan

2	 Affiliated Hospital of Academy of Military Medical 
Sciences, No.8 East Main Street, Fengtai District 100071, 
Beijing, China

3	 Present Address: Department of Anatomy and Neuroscience, 
Faculty of Medicine, Nara Medical University, 840 
Shijo‑cho, Kashihara, Nara 634–8521, Japan



3526	 Neurochem Res (2017) 42:3525–3536

1 3

and total grey matter [14]. Thus, microglial activation might 
be closely related to the pathogenesis of these diseases. 
Moreover, yokukansan has been shown to have therapeutic 
effects on microglial cells in vivo [15–17]. For example, 
yokukansan protects hippocampal neurons from cerebral 
ischemia through anti-inflammatory effects on microglia 
[16]. In another study, yokukansan was found to promote 
hippocampal neurogenesis through suppression of acti-
vated microglial cells in Gunn rats [17]. However, whether 
or not the effects of yokukansan on microglial cells prevent 
or reduce the progression of the demyelination observed in 
MS remains unknown.

Cuprizone-induced demyelination is often used to mimic 
the pathology of human MS [18, 19]. Unlike in other experi-
mental animal models of demyelination, cuprizone, a cop-
per chelator, induces demyelination in the corpus callosum 
without affecting the blood–brain barrier [18, 20, 21]. In 
this model, inflammatory cells from the peripheral circula-
tion are rarely observed; therefore, microglial cells provide 
the major source of inflammatory cytokines and pro-oxidant 
molecules [22, 23]. Thus, cuprizone-induced demyelination 
provides a good model to examine the effects of yokukansan 
on microglial-cell-mediated demyelination. In this study, we 
investigated the effects of yokukansan on cuprizone-induced 
demyelination in mouse models and in LPS-stimulated BV2 
cells, a murine microglial cell line.

Materials and Methods

Yokukansan

Yokukansan is a dry powder composed of extracts of seven 
herbs: Atractylodes lancea Rhizome, Poria sclerotium, 
Cnidium rhizome, Uncaria Hook, Japanese Angelica Root, 
Bupleurum Root and Glycyrrhiza, that are native to Japan, 
and was supplied by Tsumura & Co. (Tokyo, Japan). Yoku-
kansan was dissolved in distilled water. In the in vivo experi-
ments, yokukansan was administered orally on a daily basis 
for 2 weeks at a dose of 1.0 g/kg of body weight, which was 
selected based on the findings of previous studies [17, 24].

Animals

All experimental protocols were carried out in accordance 
with the “Principles of laboratory animal care” guidelines 
provided by the National Institutes of Health, USA, regard-
ing the care and use of animals for experimental procedures, 
and all experimental protocols were approved by the Institu-
tional Animal Care and Use Committee of Asahikawa Medi-
cal University. Every effort was made to minimize animal 
suffering and to reduce the number of mice used. Female 

C57BL/6 mice were obtained from Sankyo Labo Service 
Corporation, INC, (Tokyo, Japan).

Mouse chow containing 0.2% cuprizone (bis-cyclohex-
anone oxaldihydrazone; Sigma, St. Louis, MO, USA) 
was custom-synthesized (Oriental Yeast Co. LTD, Chiba, 
Japan). To induce demyelination in adult female C57BL/6 
mice (n = 5–9 animals per experimental group), animals 
were fed chow containing 0.2% cuprizone for a duration 
of 2–4 weeks, as previously described [25–27]. To evalu-
ate the effects of yokukansan, mice were divided into five 
groups: normal diet with water, normal diet with yoku-
kansan, 2 weeks of cuprizone-supplemented diet, 4 weeks 
of cuprizone-supplemented diet with water and 4 weeks of 
cuprizone-supplemented diet with yokukansan. Either water 
or water containing yokukansan (1.0 g/kg of body weight) 
was administered orally by 1 ml syringe with a stainless 
steel gavage needle on a daily basis for the last 2 weeks of 
the cuprizone administration period. (Fig. 1).

Histochemistry & Immunohistochemistry

Mice (n = 5–9 animals per experimental group) were 
deeply anesthetized using medetomidine (0.3 mg/kg, Nihon 
Zenyaku Kogyo, Fukushima, Japan), midazolam (4.0 mg/kg, 
Sando, Tokyo, Japan), and butorphanol (5.0 mg/kg, Meiji 
Seika Pharma, Tokyo, Japan), then perfused with phosphate-
buffered saline solution (PBS) followed by 4% paraformalde-
hyde in 0.1 M phosphate buffer (PB, pH 7.4). Mouse brains 
were removed and immersed in the same fixative solution 
overnight at 4 °C. Mouse brains were cryoprotected using 
0.1M PB containing 30% sucrose for 2 days at 4 °C and then 
frozen in OCT compound. Frozen 20-μm-thick sections were 
cut from their tissue blocks using a cryostat. To assess the 
extent of demyelination, luxol fast blue (LFB) staining was 
performed. Sections were rehydrated in 95% ethanol and 
immersed in the 0.01% LFB solution overnight at 55 °C. 
Sections were then differentiated using a 0.5% lithium car-
bonate and 70% ethanol solution. For immunohistochem-
istry, rabbit polyclonal anti-Iba-1 antibody (1:1000, Wako, 
Osaka, Japan), mouse monoclonal anti-CD68 antibody 
(1:50, Dako, Santa Clara, CA, USA), goat polyclonal anti-
IL-1β antibody (1:1000, R & D Systems, Minneapolis, MN, 
USA), mouse monoclonal anti-CNPase antibody (1:1000, 
Sigma, St. Louis, MO, USA), rat monoclonal anti-myelin 
basic protein (MBP) antibody (1:1000, Abcam, Cambridge, 
UK), mouse monoclonal anti-glial fibrillary acidic protein 
(GFAP) antibody (1:2000, Sigma, St. Louis, MO, USA) or 
rabbit polyclonal anti-NG2 antibody (1:1000, Millipore, 
Bedford, MA, USA) were used. For immunohistochemistry 
for CD68, sections were pretreated with Enzyme Pretreat-
ment Kit BOND (Leica, Welzlar, Germany) for 5 min. For 
immunohistochemistry for CNPase, sections were pretreated 
with sodium citrate buffer (pH 7.0) at 100 °C for 2 min. 
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The sections were blocked with a solution containing 5% 
bovine serum albumin and 0.3% triton-X-100 for 60 min 
and then incubated with the various primary antibodies at 
4 °C overnight. Sections were then incubated with either 
Alexa-488-conjugated or Alexa-594-conjugated secondary 
antibodies (1:1000, Molecular probes, Eugene, OR, USA) 
followed by nuclear staining with 4′,6-diamidino-2-phe-
nylindole (DAPI, Sigma, St. Louis, MO, USA). Sections 
were then imaged using a confocal laser scanning micro-
scope (Olympus, Tokyo, Japan), and images were ana-
lyzed using FV1000-D image analysis software (Olympus, 
Tokyo, Japan). We then counted the number of microglial 
cells, astrocytes, oligodendrocyte-progenitor cells (OPCs) 
and oligodendrocytes that stained positive with either anti-
Iba-1, anti-GFAP, anti-NG2 or anti-CNPase antibodies and/
or DAPI.

BV2 Cell Culture

BV2 cells, an immortalized murine microglial cell line [28], 
were cultured in Dulbecco’s minimum essential medium 
supplemented with 10% fetal calf serum (FCS). BV2 cells 
were stimulated with 1 μg/ml lipopolysaccharide (LPS) 
(Sigma, St. Louis, MO, USA). BV2 cells were also treated 
with yokukansan (0–500 μg/ml) or the equivalent volume 
of distilled water followed by incubation at 37 °C for 24 h. 
Doses of yokukansan were selected on the basis of data from 
previous in vitro reports [29, 30].

Western Blotting

BV2 cells were homogenized in radioimmunoprecipitation 
buffer by repeat pipetting for a total of 10 times using a 

26-gauge needle attached to a 1-ml syringe. Homogenates 
were then centrifuged at 15,000×g for 10 min. The protein 
concentration of the supernatant was determined using a 
detergent-compatible protein assay kit (Bio-Rad, Hercu-
les, CA, USA). We boiled 60 μg of each protein sample 
in a sample buffer at 95 °C for 5 min. These proteins were 
then separated using 12.5% sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis (SDS-PAGE). Proteins were 
then transferred to an Immobilon-P membrane (Millipore, 
Bedford, MA, USA). Membranes were then incubated with 
either rat monoclonal anti-interleukin-1β antibody (1:100; 
R & D Systems, Minneapolis, MN, USA), mouse monoclo-
nal anti-iNOS antibody (1:500; BD Biosciences, Franklin 
Lakes, NJ, USA), or mouse monoclonal anti-glyceraldehyde 
3-phosphate dehydrogenase (GAPDH) antibody (1:2500; 
Ambion, Austin, TX, USA) overnight at 4 °C. Membranes 
were then incubated with horseradish-peroxidase-linked 
anti-rat mouse IgG secondary antibodies (1:500–1000; GE 
Healthcare, Piscataway, NJ, USA) at room temperature for 
60–90 min. Following labelling of protein bands using an 
Amersham ECL select kit (GE Healthcare, Piscataway, NJ, 
USA), data were acquired using Luminescent Image Ana-
lyzer LAS-3000 multi color (FUJIFILM, Tokyo, Japan). The 
densitometric analysis was performed using ImageJ analy-
sis software (National Institutes of Health, Bethesda, MD, 
USA) and standardized relative to the density of staining of 
the GAPDH bands.

Quantitative RT‑PCR (qRT‑PCR)

Total RNA was extracted from BV2 cells using TRIzol 
(Life Technologies, Carlsbad, CA, USA) and cDNA was 
synthesized using AMV reverse transcriptase according to 

Fig. 1   Experimental scheme. 
Six-week-old female C57BL/6 
mice were fed with chow either 
supplemented with or without 
0.2% cuprizone for 4 weeks. 
After 2 weeks, mice received 
either 1.0 g/kg body weight of 
yokukansan per day, dissolved 
in water, or water for another 2 
weeks
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manufacturer’s instructions (Promega, Madison, WI, USA). 
The following PCR primers were used: IL-1β sense primer, 
5′-CTC​CAT​GAG​CTT​TGT​ACA​AGG-3′; IL-1β antisense 
primer, 5′-TGC​TGA​TGT​ACC​AGT​TGG​GG-3′; inducible 
nitric oxide synthase (iNOS) sense primer, 5′-TTG​GTG​TTT​
GGG​TGC​CGG​C-3′; iNOS antisense primer, 5′-CCA​TAG​
GAA​AAG​ACT​GCA​CCG​AAG​-3′; GAPDH sense primer, 
5′-CTA​CAT​GGT​CTA​CCT​GTT​CCAG-3′; GAPDH anti-
sense primer, 5′-AGT​TGT​CAT​GGA​TGA​CCT​TGG-3′. PCR 
cycling conditions consisted of an initial 5 min at 96 °C, 
followed by 50 cycles of 30 s at 96 °C, 30 s at 60–63 °C, and 
30 s at 72 °C. For qRT-PCR, we used LightCycler FastStart 
DNA MasterPLUS SYBR Green I (Roche, Mannheim, Ger-
many). We used relative quantification method according to 
the manufacturer’s protocol.

Data Analysis

For semi-quantitative analysis, intensities of MBP immu-
noreactivity were measured using ImageJ software. The 
number of microglial cells, astrocytes, OPCs and oligoden-
drocytes staining positive for their respective markers that 
were located completely around the DAPI-stained nucleus 
were counted and recorded. These analyses were conducted 
by an investigator blinded to the treatment groups to omit 
the possibility of bias. A one-way ANOVA, followed by a 
Tukey–Kramer test was used to compare differences between 
mean values for each group. Differences were deemed sta-
tistically significant if they exceeded the 95% confidence 
interval (P < 0.05).

Results

Yokukansan Reduces Cuprizone‑Induced 
Demyelination

Mice were fed chow supplemented with or without 0.2% 
cuprizone for a duration of 4 weeks to induce demyelina-
tion. In the last 2 weeks of cuprizone treatment, mice also 
received either orally administered daily yokukansan or dis-
tilled water at doses of 1.0 g/kg body weight per day (Fig. 1). 
The extent of demyelination was evaluated using LFB stain-
ing (Fig. 2a–d) and immunostaining for MBP (Fig. 2e–h, j) 
in the corpora callosa. The extent of demyelination and glial 
responses were evaluated in the corpora callosa depicted in 
the red-boxed area of Fig. 2i. The corpora callosa of control 
mice had an even distribution of LFB staining (Fig. 2a), and 
administration of yokukansan to mice receiving their nor-
mal diet had no significant effect on the distribution of LFB 
staining in the corpora callosa of these animals (Fig. 2b). 
The corpora callosa were thinner in mice exposed to cupri-
zone, relative to those of control mice, and areas that did 

not stain with LFB were observed (Fig. 2c). Administration 
of yokukansan resulted in the recovery of uniform distribu-
tion of LFB staining in cuprizone-fed mice (Fig. 2d), and 
similar changes in the distribution of MBP immunoreactiv-
ity were observed in the corpora callosa of mice exposed 
to cuprizone (Fig. 2e–h). Administration of yokukansan to 
mice fed a normal diet resulted in no significant differences 
in MBP immunoreactivity (Fig. 2f). However, the corpora 
callosa of cuprizone-fed mice had significantly reduced 
MBP immunoreactivity (Fig. 2g), and this decreased immu-
noreactivity was reduced by administration of yokukansan 
(Fig. 2h). The intensity of MBP immunofluorescence was 
significantly reduced by cuprizone treatment compared with 
that of control mice (0.56 ± 0.04 vs. 1.00 ± 0.05; P < 0.01) 
or yokukansan-treated mice fed a normal diet (0.56 ± 0.04 
vs. 0.92 ± 0.10; P < 0.01). However, administration of yoku-
kansan to cuprizone-fed mice significantly reduced these 
decrease of intensity of MBP immunoreactivity compared 
with that of control-treated cuprizone-fed mice (0.83 ± 0.06 
vs. 0.56 ± 0.04; P = 0.021) (Fig. 2j).

Yokukansan Reduced the Accumulation of Microglial 
Cells in the Corpora Callosa of Cuprizone‑fed Mice

Cuprizone-induced demyelination is closely related to the 
accumulation and activation of inflammatory responses in 
microglial cells [20, 31–33]. Thus, we examined whether 
the accumulation of microglial cells induced by cuprizone 
was affected by administration of yokukansan. Microglia 
in the corpora callosa of control mice were evenly distrib-
uted (82.2 ± 14.2 per mm2) (Fig. 3a, f) and administration 
of yokukansan had no significant effect on the number of 
Iba-1-positive microglia (94.7 ± 13.0 per mm2) (Fig. 3b, 
g, k). Both mice exposed to 2 weeks of cuprizone, just 
before administration of water or yokukansan, and 4 weeks 
of cuprizone had significantly increased numbers of Iba-
1-positive microglial cells in the corpora callosa compared 
with control mice (439.8 ± 55.0 vs. 82.2 ± 14.2, 623.3 ± 54.8 
vs. 82.2 ± 14.2 per mm2; P < 0.01 for both comparisons) 
(Fig. 3c, d, h, i, k). Administration of yokukansan to cupr-
izone-fed mice significantly decreased the number of Iba-
1-positive microglial cells compared with that of cuprizone-
fed mice (415.9 ± 70.6 vs. 623.3 ± 54.8 per mm2; P = 0.022) 
(Fig. 3e, j, k). These results indicate that yokukansan sup-
presses the accumulation of Iba-1-positive microglia and 
reduces cuprizone-induced demyelination.

Yokukansan Reduced Both the Number 
of CD68‑positive Microglia and IL‑1β‑positive 
Microglia in the Corpora Callosa of Cuprizone‑fed Mice

To examine the number of activated microglia in the 
corpus callosum of cuprizone-fed mice, we performed 
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immunohistochemistry for CD68. Administration of yoku-
kansan to mice fed a normal diet resulted in no significant 
differences in the number of CD68+Iba-1+ microglia. The 
number of CD68+Iba-1+ microglia significantly increased 
in the corpora callosa in mice exposed to 4 weeks of cupri-
zone compared with both control mice and mice exposed to 2 
weeks of cuprizone (416.3 ± 48.3 vs. 16.1 ± 4.9, 416.3 ± 48.3 
vs. 143.8 ± 11.3 per mm2; P < 0.01 for both comparisons) 
(Fig. 4a–d). While administration of yokukansan signifi-
cantly reduced the number of CD68+Iba-1+ microglia in 
the corpora callosa compared with cuprizone–fed mice with 
water (249.7 ± 18.6 vs. 416.3 ± 48.3 per mm2; P < 0.01), 
still the number of that significantly increased compared 

to mice exposed to 2 weeks of cuprizone (249.7 ± 18.6 vs. 
143.8 ± 11.3 per mm2; P < 0.05).

Next we performed immunohistochemistry for IL-1β. 
Administration of yokukansan to mice fed a normal diet 
resulted in no significant differences in the number of 
IL-1β+Iba-1+ microglia. The number of IL-1β+Iba-1+ 
microglia significantly increased in the corpora cal-
losa in mice exposed to 4 weeks of cuprizone compared 
with both control mice and mice exposed to 2 weeks of 
cuprizone (208.7 ± 33.8 vs. 4.8 ± 3.1, 208.7 ± 33.8 vs. 
72.6 ± 13.6  per  mm2; P < 0.01 for both comparisons) 
(Fig. 4e–h). Administration of yokukansan significantly 
reduced the number of IL-1β+Iba-1+ microglia in the 

Fig. 2   Yokukansan reduced cuprizone-induced demyelination in the 
corpus callosum. We used 6 weeks age of C57BL/6 mice in these 
experiments. a–h In each group, the extent of demyelination was 
examined in the corpora callosa using LFB staining and MBP immu-
nohistochemistry. Representative images of LFB staining (a–d) and 
MBP immunoreactivity (e–h) are shown. Scale bar = 50  μm. i All 

images used to measure the extent of cuprizone-induced demyelina-
tion were taken of the area outlined by the red box. j Semi-quantita-
tive assessments of the intensity of MBP immunoactivity were made 
using raw data obtained from such images. All data presented in the 
figures are the mean ± SEM of data from 6 to 9 animals. **P < 0.01, 
*P < 0.05
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corpora callosa compared with cuprizone-fed mice with 
water (91.9 ± 12.8 vs. 208.7 ± 33.8 per mm2; P < 0.01).

Yokukansan Affected Astrocytes in the Corpora Callosa 
of Cuprizone‑fed Mice

We next examined the responses of other glial cells, astro-
cytes, OPCs and oligodendrocytes, in the corpus callosum 
to yokukansan. Treatment with yokukansan did not affect 
the numbers of astrocytes, OPCs or oligodendrocytes com-
pared with those of control mice (Fig. 5i). In mice fed a 

cuprizone-containing diet, the number of GFAP-positive 
astrocytes in the corpora callosa increased significantly 
compared with that of control mice (366.8 ± 56.4 vs. 
100.2 ± 12.4 per mm2; P < 0.01) (Fig. 5c, g). Furthermore, 
administration of yokukansan to cuprizone-fed mice signifi-
cantly decreased the number of GFAP-positive astrocytes 
compared with that of cuprizone-fed mice (145.7 ± 22.0 vs. 
366.8 ± 56.4 per mm2; P < 0.01) (Fig. 5d, h, i). Furthermore, 
the number of NG2-positive OPCs was also significantly 
increased in cuprizone-treated mice compared with control 
mice (204.3 ± 20.7 vs. 108.1 ± 16.4 per mm2; P < 0.01). 

Fig. 3   Yokukansan reduced the number of Iba-1 positive cells in the 
corpus callosum. a–j Representative images showing Iba-1 immu-
noreactivity (green) (a–e) and merged images of Iba-1 and nuclear 
staining with DAPI (blue) (f–j). Scale bar = 50  μm. k Semi-quanti-

tative analysis of the number of Iba-1 positive cells in the corpora 
callosa. Data are presented as the mean ± SEM from 5 to 9 animals. 
*P < 0.05, ✝✝P < 0.01 relative to animals fed a normal diet with either 
water or yokukansan
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Administration of yokukansan to cuprizone-fed mice had 
no significant effect on the number of OPCs in the cor-
pora callosa (Fig. 5i). In mice fed a cuprizone-containing 
diet, the number of CNPase-positive oligodendrocytes 
decreased significantly compared with that of control mice 
(200.0 ± 31.1 vs. 446.4 ± 62.7 per mm2; P < 0.01). Admin-
istration of yokukansan to cuprizone-fed mice significantly 
increased the number of oligodendrocytes (405.8 ± 36.7 vs. 
200.0 ± 31.1 per mm2; P < 0.05) (Fig. 5i).

Yokukansan Treatment Attenuated the Expression 
of IL‑1β and iNOS in LPS‑stimulated BV2 Cells

BV2 cells, a murine microglial cell line, were used to inves-
tigate the direct effects of yokukansan on microglial cells. 
No significant alterations in IL-1β or iNOS expression were 
observed in non-LPS-stimulated BV2 cells exposed to either 
100 or 500 μg/ml yokukansan compared with controls. LPS 
stimulation did not induce morphological changes in BV2 
cells (data not shown). However, LPS stimulation resulted 
in a significant increase in both IL-1β and iNOS mRNA 
compared with controls (1.20 ± 0.18 vs. 0.03 ± 0.01, and 

1.37 ± 0.16 vs. 0.03 ± 0.01, respectively; P < 0.01 for both 
comparisons). (Fig. 6a, b). Treatment of LPS-stimulated 
BV2 cells with 100 μg/ml yokukansan tended to reduce 
the expression of IL-1β and iNOS mRNA. Furthermore, 
treatment with 500 μg/ml yokukansan significantly reduced 
both IL-1β and iNOS mRNA levels compared with those 
of LPS-stimulated controls (0.39 ± 0.08 vs. 1.20 ± 0.18, and 
0.73 ± 0.09 vs. 1.37 ± 0.16; P < 0.01 for both comparisons) 
(Fig. 6a, b). Expression of IL-1β and iNOS proteins was 
then investigated using western blotting (Fig. 6c). Similar to 
data obtained using qRT-PCR, semi-quantitative densitom-
etry analysis revealed no significant effects of yokukansan 
on unstimulated BV2 cells; however, stimulation with LPS 
significantly increased the production of both IL-1β and 
iNOS compared with unstimulated controls (0.19 ± 0.06 vs. 
1.00 ± 0.15, and 0.16 ± 0.05 vs. 1.02 ± 0.16, respectively; 
P < 0.01 for both comparisons) (Fig. 6a, b). Furthermore, 
100 μg/ml yokukansan tended to reduce IL-1β and iNOS 
production compared with that of LPS-stimulated controls, 
and 500 μg/ml yokukansan significantly reduced IL-1β and 
iNOS expression compared with LPS-stimulated controls 
(0.40 ± 0.10 vs. 1.00 ± 0.15, and 0.37 ± 0.09 vs. 1.02 ± 0.16, 

Fig. 4   Yokukansan reduced both the number of CD68-positive and 
IL-1β-positive microglia in the corpus callosum. a–c Representative 
images showing Iba-1 (green) (a) and CD68 (red) (b) immunoreac-
tivity and merged images of Iba-1, CD68 and nuclear staining with 
DAPI (blue) (c). d Semi-quantitative analysis of the number of CD68 
and Iba-1 double positive cells in the corpora callosa. e–g Repre-
sentative images showing Iba-1 (green) (e) and IL-1β (red) (f) immu-

noreactivity and merged images of Iba-1, IL-1β and nuclear staining 
with DAPI (blue) (g). h Semi-quantitative analysis of the number of 
IL-1β and Iba-1 double positive cells in the corpora callosa. Scale 
bar = 20 μm. Data are presented as the mean ± SEM from 5 to 9 ani-
mals. **P < 0.01, *P < 0.05, ✝✝P < 0.01, ✝P < 0.05  relative to animals 
fed a normal diet with either water or yokukansan
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respectively; P < 0.01 for both values) (Fig. 6c, d, e). These 
data indicate that 500 μg/ml yokukansan has anti-inflamma-
tory effects on LPS-stimulated BV2 cells.

Discussion

Yokukansan has been used to treat various diseases such 
as Alzheimer’s disease and schizophrenia [6–10]. However, 
whether or not yokukansan is able to reduce demyelination 
in the CNS remains unknown. Here, we demonstrated for 
the first time that yokukansan reduces cuprizone-induced 
demyelination in the corpus callosum and suppresses the 

expression of IL-1β and iNOS mRNA and protein in LPS-
stimulated BV2 cells, a murine microglial cell line.

While administration of cuprizone diet induces demy-
elination, withdrawal of cuprizone-feeding promotes remy-
elination. In a previous study, geissoschizine methyl ether 
(GM) in the Uncaria Hook, a constituent of yokukansan, 
was given for 2 weeks after withdrawal of cuprizone-feed-
ing. Then the administration of GM significantly promoted 
remyelination in the medial prefrontal cortex [34]. Thus, 
yokukansan might promote remyelination in the corpus 
callosum in addition to suppression of demyelination. In a 
previous study, investigators observed spontaneous remyeli-
nation in the corpus callosum after 5–6 weeks of cuprizone 
administration [19]. In fact, while more than 90% of axons 

Fig. 5   Yokukansan affected other glial cells in the corpus callo-
sum. a–h Representative images of GFAP immunoreactivity (red) 
(a–d) and merged views of GFAP, and DAPI immunoreactivity (e–

h). Scale bar = 50  μm. (i) Semi-quantitative analysis of the number 
of GFAP, NG2, or CNPase-positive cells. Data are presented as the 
mean ± SEM from 6 to 9 animals. **P < 0.01, *P < 0.05
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were demyelinated by 4–5 weeks of oral cuprizone admin-
istration, about 50% of axons were spontaneously remyeli-
nated by 6 weeks of administration [19]. In this process, 
NG2-positive OPCs started to proliferate after 4 weeks of 
cuprizone administration, and then these OPCs differenti-
ated into mature oligodendrocytes after 6 weeks of cupri-
zone administration [35]. In this study, we focused on the 
demyelinating phase, during which OPCs proliferate, but 
not differentiate in the corpus callosum. Our results showed 

that yokukansan had no significant effect on the number of 
NG2-positive OPCs. Therefore, the effect of yokukansan in 
the demyelination phase may not be to promote remyelina-
tion but to inhibit demyelination.

During cuprizone-induced demyelination, inflamma-
tory responses of microglial cells promote demyelination 
in the corpus callosum [18, 20, 33]. Data from several 
studies demonstrate that suppression of microglial accu-
mulation reduces cuprizone-induced demyelination [20, 

Fig. 6   Yokukansan reduced levels of IL-1β and iNOS mRNA and 
protein in LPS-stimulated BV2 cells. a Expression of IL-1β mRNA 
in LPS-stimulated or unstimulated BV2 cells in the presence or 
absence of yokukansan (100 or 500  μg/ml). b Expression of iNOS 
mRNA in LPS-stimulated or unstimulated BV2 cells in the presence 

or absence of yokukansan (100 or 500 μg/ml). c Western blotting for 
IL-1β, iNOS and GAPDH proteins. Semi-quantitative densitometric 
analysis of (d) IL-1β and (e) iNOS levels. Data are presented as the 
mean ± SEM nine independent experiments. **P < 0.01, *P < 0.05
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32]. Furthermore, accumulating evidence suggests that 
treatment with yokukansan suppresses microglial activity. 
Yokukansan has been shown to suppress microglial activ-
ity in Gunn rats, an animal model of schizophrenia [17]. In 
another report, yokukansan reduced the number of activated 
microglial cells and suppressed the inflammation associated 
with cerebral ischemia in gerbils [16]. Our results indicate 
that yokukansan reduces the number of microglia activated 
by cuprizone-induced demyelination and provides further 
evidence of the anti-inflammatory effects of yokukansan 
on microglia. Therefore, we investigated whether or not 
yokukansan has direct anti-inflammatory effects in vitro 
using BV2 cells, an immortalized murine microglial cell 
line [28]. Although LPS-stimulated BV2 cells did not show 
morphological changes, BV2 cells retain inducible secretory 
functions such as inflammatory cytokines and pro-oxidant 
molecules [28, 36]. In fact, 90% of the inflammatory gene 
expressions induced by LPS in BV2 cells was also found in 
primary microglia [37]. Thus, using LPS-stimulated BV2 
cells are suitable to investigate inflammatory responses of 
microglia in vitro. From in vivo and in vitro results, we dem-
onstrated that yokukansan has anti-inflammatory effects on 
microglia in the corpus callosum during cuprizone-induced 
demyelination. However, it is possible that yokukansan has 
some direct effects on oligodendrocytes and oligodendrocyte 
progenitor cells. Therefore, further studies to elucidate the 
effect of yokukansan are needed in future.

Treatment with yokukansan reduced the expression of 
IL-1β and iNOS in LPS-stimulated BV2 cells, and yoku-
kansan significantly reduced IL-1β-positive microglia in the 
corpora callosa during cuprizone-induced demyelination. 
In other studies, administration of minocycline resulted in 
suppression of microglial activation, with reduced expres-
sion of IL-1β and iNOS in the CNS [38] and reduction of 
cuprizone-induced demyelination in the corpus callosum 
[33, 39]. Decreased IL-1β levels in vivo may also reflect a 
reduction in the activation of astrocytes because IL-1β has 
a key role in proliferation of astrocytes in vitro and in vivo 
[40, 41]. IL-1β is mainly produced by microglia in the CNS 
[22, 42], and while microglial cells started to appear after 
1 week of cuprizone exposure, astrocytes began to increase 
after 3 weeks of cuprizone treatment [31]. Taken together, 
cuprizone exposure may induce microglial activation, and 
IL-1β from microglia may proliferate astrocytes in the cor-
pus callosum. Therefore, decreased number of astrocytes 
in the corpus callosum may at least in part reflect the anti-
inflammatory effect of yokukansan on microglia.

Yokukansan is composed of extracts of seven herbs. 
One of the active ingredients, GM in Uncaria Hook, was 
reported to cross the blood brain barrier in vivo [43] and 
has psychotropic components. GM distributed in many 
regions in the brain including the medial prefrontal 
cortex and promoted recovery from cuprizone-induced 

demyelination [34]. However, the anti-inflammatory effect 
of GM in cuprizone-induced demyelination has not been 
reported and the concentration of GM in the corpus callo-
sum was relatively low [44]. Therefore, some other active 
ingredients of yokukansan may suppress inflammatory 
responses in the corpus callosum.

In the current study, yokukansan suppressed the expres-
sion of IL-1β and iNOS mRNA and protein in LPS-stimu-
lated BV2 cells in vitro, suggesting that yokukansan affects 
the transcription of these molecules. In LPS-stimulated 
BV2 cells, activation of inflammation related kinases (JNK 
and p-38) and transcription factors (c-JUN and NF-κB) 
play roles in producing inflammatory cytokines [37, 45]. 
Therefore, yokukansan may repress these pathways. How-
ever, it has not been fully identified which active ingredi-
ents play critical roles in the anti-inflammatory effect in 
microglia. Further studies will be required for identifica-
tion of active ingredients and signal pathways interacted.

For remyelination, clearance of myelin debris is instru-
mental [46, 47]. In the current study, yokukansan reduced 
cuprizone-induced demyelination in the corpora callosa. 
Administration of yokukansan significantly reduced Iba-
1+ microglia and IL-1β+Iba-1+ microglia in the cor-
pora callosa during cuprizone-induced demyelination. 
Thus it is considered that yokukansan reduced inflamma-
tory responses and myelin debris may be relatively less 
compared to cuprizone-fed mice with water. Moreover, 
although yokukansan significantly reduced the number of 
phagocytic microglia in cuprizone-fed mice, the number 
of phagocytic microglia in cuprizone-fed mice with yoku-
kansan still significantly increased compared to that in 2 
weeks of cuprizone-fed mice, just before administration of 
yokukansan. Therefore, yokukansan may retain phagocytic 
ability of microglia in part. Studies for the effect of yoku-
kansan on remyelination are needed in future.

Inflammatory cytokines and pro-oxidant molecules 
cause irreversible damage in demyelination in the CNS 
[2, 4]. It is possible that yokukansan reduces these inflam-
matory responses without serious adverse effects [6–10]. 
Moreover, yokukansan might also promote maturation of 
oligodendrocytes during the remyelination phase [34]. 
Yokukansan has the potential to be a novel option to treat 
MS.
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