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ARTICLE INFO ABSTRACT

Article history Objective To study the therapeutic effects of Shenyuan Gan (%iZ %, SYG) on the inflammat-

Received 02 December 2021 ory response in BV2 microglial cells induced by lipopolysaccharide (LPS).
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Methods The cytotoxicity of SYG to BV2 microglial cells was evaluated using a Cell Counting
Available online 25 March 2022

Kit-8 (CCK-8) assay, and the effect of SYG concentrations on LPS-induced BV2 microglial cells

was studied. The morphological changes were observed using an optical microscope. The

Keywords o > : : ;
Shenyuan Gan (%i£ 3, SYG) nitric oxide (NO) c.oncentratlo.n in cell.culture supernatar.lt was determined using Griess re-
Neuroinflammation agent. The expression of cytokines and inflammatory mediators were also measured by an en-
Pro-infl di zyme-linked immunosorbent assay (ELISA). Western blot analysis was used to determine the

ro-inflammatory mediators levels of inducible NO synthase (iNOS), nuclear factor-kappa B (NF-«B) p65, alpha inhibitor
BV2 microglial cells

of NF-xB (IxB-a), phosphorylation-IxB-a (p-1xkB-a), NOD-like receptor 3 (NLRP3), and cas-
pase-1 expression. Moreover, the expression of iNOS, NLRP3, and ionized calcium binding
adapter molecule 1 (Ibal) was also observed using immunofluorescent staining.

Lipopolysaccharide (LPS)

Results SYG had a low cytotoxic effect on BV2 microglial cells and could significantly decr-
ease LPS-induced morphological changes of BV2 microglial cells (P <0.05). ELISA results
showed that SYG significantly inhibited the LPS-induced increase in interleukin (IL)-18 and
IL-6 in BV2 microglia cells (P < 0.05), and Western blot analysis showed that the phosphoryla-
tion levels of iNOS, NF-«B p65, and IxB-a as well as NLRP3 and caspase-1 expression were
also significantly decreased, and IxB-a expression was increased after SYG treatment (P <
0.05, compared with the LPS-treated group). The immunofluorescence results were consist-
ent with the Western blot results, and Ibal staining indicated that the cell morphology tended
to be resting. These results indicate that SYG has a certain inhibitory effect on LPS-induced
inflammation in BV2 microglial cells.

Conclusion SYG can inhibit LPS-induced release of inflammatory factors in BV2 microglial

cells by affecting the phosphorylation levels of NF-«B p65 and IxB-a. SYG is a valuable candid-
ate for treating neuroinflammation-related diseases.
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1 Introduction

Neuroinflammation is an immune response that involves
local immune cells (e.g., microglia) and inflammation-re-
lated pathways within the central nervous system (CNS),
and is a complex response in the CNS against internal
and external infections . Neuroinflammation is an im-
portant factor in various CNS diseases, such as depres-
sion and Alzheimer’s disease “**l. Microglia are con-
sidered to be immune-competent cells in the CNS P!, Mi-
croglia activate a stimulating inflammatory reaction by
releasing pro-inflammatory cytokines upon any change
in the brain microenvironment. Hence, resolving mi-
croglia inflammation bears promise as a novel treatment
strategy for neuroinflammation-mediated CNS disease.
Chinese medicine formulas (CMFs), combinations of
multiple decoctions under the guidance of traditional
Chinese medicine (TCM) theory, have been used for
thousands of years. Nowadays, with the modernization
and standardization of TCM, the contents of CMFs have
expanded to include many effective compounds [* 7!, Ren-
shen (Ginseng Radix et Rhizoma) and Yuanzhi (Polyga-
lae Radix) are the most common herbal materials in tra-
ditional oriental medicines, including TCM . These two
herbs are critical components of a series of CMFs derived
from Kanxin San (73 #%), which is originally recorded in
Valuable Prescriptions for Emergency (Bei Ji Qian Jin Yao
Fang, (% 214 %7 ) )and prescribed for brain dis-
orders ! Total saponins of Renshen (Ginseng Radix et
Rhizoma) (TSG) and total oligosaccharide esters of Yuan-
zhi (Polygalae Radix) (TOP) are the major effective com-
pounds of Renshen (Ginseng Radix et Rhizoma) and
Yuanzhi (Polygalae Radix) and the main constituents of
our novel compound-based CMF, Shenyuan Gan (%-i&
3, SYG). SYG is a Chinese herbal mixture composed of
TSG and TOP (2 : 1). In our previous studies ['” ', SYG
has been demonstrated to be effective in ameliorating de-
pressive-like behavior and enhancing cognitive ability in
an in vivo chronic mild stress model. Considering that
chronic stress-induced mental disorders are closely asso-
ciated with neuroinflammation ", we hypothesized that
SYG could exert beneficial effects on the CNS via modu-
lating neuroinflammation. Therefore, we investigated the
effects of SYG on lipopolysaccharide (LPS)-induced BV2
microglia cell inflammation and aimed to investigate the
underlying mechanism of its anti-inflammatory effect.

2 Materials and methods
2.1 Cell culture

The BV2 microglia cell line was purchased from Wuhan
University. Cells were cultured in Dulbecco’s Modified
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Eagle Medium (DMEM) (Procell, China) with 10% fetal
bovine serum (FBS, Procell, China). The cells were incub-
ated at 37 °C with 5% CO,.

2.2 Drugs and treatments

TSG and TOP were purchased from the China Academy
of Chinese Medical Sciences. SYG consisted of TSG and
TOP at a ratio of 2 . 1, which was dissolved in DMEM
(100 pg/mL). LPS (Sigma, USA) was dissolved in phos-
phate-buffered saline (1 mg/mL) (Procell, China). In all
subsequent experiments, cells were pretreated with SYG
(30 - 120 pg/mL) for 2 h and stimulated with LPS
(400 ng/mL) for 24 h.

2.3 Cell viability assay

Cell viability was assessed with a Cell Counting Kit-8
(CCK-8) assay (Biosharpe, China). Cells were inoculated
in 96-well plates at a density of 8 x10° per well. After the
cells reached 80% confluence, LPS (400 ng/mL) and dif-
ferent concentrations of SYG (0, 1, 10, 20, 30, 60, and
120 pg/mL) were added as described in section 2.2, or
SYG was added alone. After 24 h of incubation, 10% CCK-8
medium was added and the mixture was incubated for
2 h at 37 °C. Then, absorbance was measured at 450 nm
in the microplate reader (Biotek, EIx800).

2.4 Nitric oxide (NO) assay

The NO concentration in cell culture supernatant was as-
sessed with the Griess assay. Cells were inoculated in 96-
well plates at a density of 8 x10° per well. After the cells
reached 80% confluence, they were treated as described
in section 2.2. After 24 h of incubation, the supernatant
was collected and NO determination was performed ac-
cording to the manufacturer’s protocol (Beyotime,
China).

2.5 Measurement of inflammatory factor levels

Cell inflammatory factors interleukin (IL)-18 and IL-6
were assessed with an enzyme-linked immunosorbent
assay (ELISA) kit (MULTI SCIENCES, China). Cells were
inoculated in 96-well plates at a density of 8 x10° per well.
After the cells reached 80% confluence, they were treated
as described in section 2.2. After 24 h of incubation, the
cell culture supernatant was collected and centrifuged
(500 xg, 6 min) to collect the supernatant, then this su-
pernatant was added to a 96-well plate in the ELISA kit,
with 100 pL per well. The concentration of IL-6 and IL-1/
was measured using the ELISA manufacturer’s instruc-
tions.
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2.6 Western blot analysis

Cells were seeded into 6-well plates at a density of 1 x 10°
cells per well. After the cells reached 80% confluence,
various concentrations of SYG were added to cells 2 h be-
fore incubation with or without LPS (400 ng/mL) for 24 h.
After treatment with LPS and SYG, the supernatant was
removed. Cells were lysed on ice for 30 min with RIPA
buffer (MULTI SCIENCES, China), then centrifuged at
13 000 rpm for 15 min at 4 °C. The supernatant was col-
lected, and the concentration was determined using a bi-
cinchoninic acid protein measurement kit (MULTI SCI-
ENCES, China). Sodium dodecyl sulfate-polyacrylamide
gel electrophoresis was used for 8% and 10% electro-
phoresis and the cells were then transferred to
polyvinylidene fluoride membranes (Immobilon, USA).
After blocking with 5% non-fat milk, the primary anti-
body was incubated at 4 °C overnight. The antibodies
were as follows: inducible NO Synthase (iNOS, Cell Sig-
naling Technology, CST, USA), glyceraldehyde-3-phos-
phate dehydrogenase (GAPDH, Proteintech, China), nuc-
lear factor-kappa B (NF-«B) p65 (Abcam, UK), phos-
phorylation-NF-«B p65 (Abcam, UK), alpha inhibitor of
NF-xB (IxkB-0, CST, USA), phosphorylation-1xB-o (p-1xB-
a, CST, USA), NOD-like receptor 3 (NLRP3, Abcam, UK),
and caspase-1 (Abcam, UK). Then, the membrane was
washed with Tris-buffered saline-Tween buffer and in-
cubated for 1 h at 37 °C with HRP-conjugated Affinipure
Goat Anti-Rabbit IgG (H + L) (Proteintech, China) and
HRP-conjugated Affinipure Goat Anti-Mouse IgG (H +L)
(Proteintech, China). The protein bands were visualized
by chemiluminescence (Millipore, USA). The GAPDH
protein level was used as the protein loading control. Ac-
cording to the protein quantification data, the total
amount of protein loaded into each line of gel was about
15-20 pg.

2.7 Immunofluorescence staining of iNOS, NLRP3, and
ionized calcium binding adapter molecule (Ibal)

BV2 microglial cells were seeded into 24-well plates at a
density of 1 x10* cells per well, and were treated as de-
scribed above. After incubation for 24 h, the supernatant
was removed. Cells were fixed with 4% paraformalde-
hyde for 20 min and 0.1% Triton X-100 was used for
20 min for permeabilization. The cells were blocked with
3% BSA for 1 h and incubated overnight at 4 °C with
primary antibodies. The antibodies were as follows: iNOS,
NLRP3 (Boster, China), and Ibal (Abcam, UK). The fol-
lowing day, cells were incubated with the following sec-
ondary antibodies: fluorescein-conjugated Affinipure
Goat Anti-Rabbit IgG (H +L) (Abcam, UK), Alexa Flour®
594-conjugated Affinipure Goat Anti-Rabbit IgG (H + L)
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(Abcam, UK), and Donkey Anti-Goat IgG (H +L) (Alexa
Fluor® 555) (Abcam, UK) in a 1% Bovine Serum Albumin
(BSA) dilution for 1 h at 37 °C. The cells were treated with
DAPI (Sigma, USA) for 10 min. All images were captured
with a fluorescence microscope (Olympus, 1x83-CBH).

2.8 Statistical analysis

The data were statistically analyzed by GraphPad Prism
8.0 and SPSS 21.0 software. The measurement data were
expressed as mean + standard deviation (SD). The differ-
ence between the two groups of sample means was stat-
istically analyzed by f test or with a one-way analysis of
variance. Post hoc least significant difference comparis-
ons were performed when appropriate ¥, and P < 0.05
indicated that the difference was statistically signifi-
cant '],

3 Results

3.1 Effects of SYG and LPS on cell viability and morpho-
logy

The CCK-8 assay was performed after treatment with
various concentrations of SYG to determine the effect on
the viability of BV2 microglial cells. Figure 1A shows that
none of the concentrations of SYG affected the viability
of BV2 microglial cells in the range of 0 - 120 pg/mL.
Thus, the concentration range of 30 - 120 pg/mL was
used for the subsequent experiments. In the range of 0 -
120 pg/mL of SYG, SYG at different concentrations
showed no significant toxic effects on BV2 microglial cells
(P > 0.05); interestingly, SYG also showed a growth-pro-
moting effect on BV2 microglial cells (P < 0.05). In addi-
tion, in order to determine the combined toxicity of LPS
and SYG on BV2 microglial cells, we added LPS
(400 ng/mL) to determine the cell viability on the basis of
the previous (Figure 1B). No significant effect on cell vi-
ability was found (P >0.05). To determine whether SYG
alters the LPS-induced morphology of BV2 microglial
cells, the cellswere pretreated with SYG (120 pg/mL) for 2 h,
followed by treatment with LPS for 24 h, and were then
observed under a microscope. As indicated in Figure 1C
and 1D, after stimulation with LPS, the cell morphology
changed from the resting to the activated state and
showed decreased pseudopodia, and the cell body be-
came larger and rounder. There was also a significant in-
crease in the proportion of activated cells (P < 0.05).
However, SYG effectively decreased these changes and
the proportion of activated cells. These results showed
that an optimal concentration of SYG can effectively de-
crease the activation of microglia induced by LPS.
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Figure 1 Effects of SYG on the viability and activation state of BV2 microglia cells

A, the effects of different concentrations of SYG on cell viability. B, the effects of different concentrations of SYG and LPS (400 ng/mL)
on cell viability. C, the ratio of activated cells stimulated with LPS. D, the cell morphology change under different treatments. The data
of three independent repeated experiments were analyzed, and the results are denoted by mean + SD. n.s represents no significant dif-
ference. *P <0.05, compared with the control group; **P <0.001, compared with the LPS-treated group.

3.2 Effects of SYG treatment on inflammatory cytokine
levels

To investigate the potential regulatory effects of SYG on
proinflammatory responses, BV2 microglial cells were
treated as described above. The NO level significantly in-
creased after LPS treatment (P < 0.001), whereas pre-
treatment with SYG significantly decreased LPS-induced
NO production in a dose-dependent manner (P < 0.001).
The highest concentration (120 pg/mL) resulted in a de-
crease to about one-half of that of the LPS group (Figure
2A). ELISA and Western blot were used to investigate
whether SYG regulated the expression of inflammatory
cytokines. The IL-6 and IL-1f levels increased in the cell
culture media in the LPS treatment group, and pre-treat-
ment with different concentrations of SYG resulted in a
dose-dependent decrease in cytokine production (Figure
2B and 2C). Consistent with the findings above, immuno-
fluorescence and Western blot showed that SYG signific-
antly reduced LPS-induced iNOS expression (P < 0.05,
Figure 2D and 2E).

3.3 The regulatory effects of SYG on NF-kB activity

The NF-xB pathway has long been considered a prototyp-
ical proinflammatory signaling pathway. Thus, we
hypothesized that SYG may inhibit the NF-xB signaling

pathway to regulate the neuroinflammation response.
NF-«B and IxB-a expression was detected by Western blot
analysis. As shown in Figure 3, after LPS stimulation,
there was a marked decrease in the IxB-a protein level
but an increase in the phosphorylation levels of NF-xB
p65 and IxkB-a compared with the control group (P <
0.05). However, the decrease in LPS-induced neuroin-
flammation by SYG could be attributed to its inhibition of
IxB phosphorylation.

3.4 SYG suppressed the NLRP3-mediated inflammatory
response

The activation of the NLRP3 inflammasome is conside-
red a key contributor to the development of neuroinflam-
mation. To investigate whether SYG affects its activation,
BV2 microglia cells were treated as mentioned above, and
the NLRP3 and caspase-1 expression levels were
examined by Western blot analysis. As shown in Figure
4A and 4B, the addition of SYG effectively reduced the in-
crease in NLRP3 and caspase-1 in BV2 microglia cells
caused by LPS stimulation (P < 0.05).In the immuno-
fluorescence image of Ibal and NLRP3 (Figure 4C),
NLRP3 expression also showed enhancement after LPS
stimulation. After SYG treatment, the expression of
NLRP3 decreased, and the cell morphology also changed
to the resting state.
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Figure 2 Effects of SYG on the inflammatory cytokines in
LPS-induced BV2 microglial cells

A, NO concentration of different treatment groups of cells. B
and C, levels of IL-6 and IL-1f of the BV2 microglial cells, re-
spectively. D, iNOS expression of the BV2 microglial cells. E,
representative fluorescence microscopy images of the expres-
sion of iNOS (red) in LPS-activated BV2 microglial cells. The
nuclei were stained with DAPI (blue). The data of three inde-
pendent repeated experiments were analyzed, and the results
aredenoted bymean +SD.n.srepresentsnosignificantdifference.
*P < 0.05, **P < 0.001, compared with the control group;
*P <0.05, P <0.01, P < 0.001, compared with the LPS-treated
group.
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Figure 3 Effects of SYG on NF-«B activation by LPS-in-
duced BV2 microglial cells

A, Western blot analysis of NF-«B p65 and phospho-NF-«B p65.
B, quantitation of Western blot analysis of NF-xB p65 and phos-
pho-NF-«B p65. C, Western blot of I«kB-a and phospho-1xB-a. D,
quantitation of Western blot analysis of IxB-a and phospho-IxB-
a. The data of three independent repeated experiments were
analyzed, and the results are denoted by mean + SD. *P < 0.05,
compared with the control group; *P < 0.05, P < 0.01, com-
pared with the LPS-treated group.

4 Discussion

Compound-based CMF is a bridge between traditional
and modern Chinese medicine. In addition to the syner-
gistic effects of TCM, compound-based CMF has the
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Figure 4 Effects of SYG on NLRP3 activation by LPS-in-
duced BV2 microglial cells

A, Western blot analysis of NLRP3 and caspase-1. B, quantita-
tion of Western blot analysis of NLRP3 and caspase-1. C, repres-
entative fluorescence microscopy images of the expression of
NLRP3 (green) and Ibal (orange) in LPS-activated BV2 cells.
The nuclei were stained with DAPI (blue). The data of three in-
dependent repeated experiments were analyzed, and the res-
ults are denoted by mean + SD. *P < 0.05, compared with the
control group; *P <0.05, compared with the LPS-treated group.

advantages of clear chemical composition and control-
lable quality. It is helpful to better comprehend the un-
derlying mechanisms of classical prescription and inter-
pret the rules of herbal combination to some extent !,
Due to neuroprotective, anti-oxidative stress, anti-apop-
totic,anti-inflammatory,andneurotrophiceffects,bothRen-
shen (Ginseng Radix et Rhizoma) and Yuanzhi (Polyga-
lae Radix) have been traditionally used to treat cognitive
deficits and other brain diseases in TCM ['*'*), The com-
bination of TSG and TGP would exert a better curative ef-
fect and lower toxic potential /.

This study found that SYG was effective in inhibiting
BV2 microglial cell inflammation. In the range of 0 -

PENG Sha, et al. / Digital Chinese Medicine 5 (2022) 75-82

120 pg/mL, SYG showed no significant toxicity towards
BV2 microglial cells and could significantly decrease the
activated morphological changes and proinflammatory
cytokine levels. In normal states, microglia do not produce
any pro-inflammatory factors, and they are considered to
be homeostasis maintainers in the brain. In response to
any stimuli, such as injury, harmful toxins, infection, or
inflammation, microglial cells produce pro-inflammat-
ory mediators, such as IL-6, IL-15, and chemokines. LPS
is the most widely used inflammatory mediator, and it
can trigger a generalized pro-inflammatory response
in microglia ” to further induce many inflammation-
related signal pathways, such as the NF-xB pathwaty. The
transcription of chemokines, cytokines, and pro-inflam-
matory enzymes is under the control of NF-xB > %I,
Hence, NF-«B is the central transcription factor of inflam-
mation. In addition, we noticed that NF-xB was activated
by LPS stimulation and increased the level of IL-6, IL-15,
iNOS, and NO. In resting cells, inactivated NF-«B is loc-
ated in the cytoplasm that integrates with the inhibitor
IxB. The presence of LPS stimuli results in the phos-
phorylation of IxB protein and the proteasomal degrada-
tion of IxkB ). This change causes NF-xB p65 to phos-
phorylate at the Ser536 site and release NF-«B from Ix-B.
The released NF-xB translocates into the nucleus and ini-
tiates a series of transcriptions, activates downstream in-
flammatory response factors, and causes a series of in-
flammatory reactions . Therefore, the NF-xB signaling
pathway plays a key role in neuroinflammation-related
disease control %7,

Moreover, studies have shown that activated NF-«xB
can effectively activate the NLRP3 inflammasome signal-
ing pathway, and IL-1/ secretion is closely controlled by
the activation of NLRP3 inflammasomes " %*!, Once over-
expressed, NLRP3 activation promotes the cleavage of
procaspase-1 ?”, The NLRP3 inflammasome and activ-
ated NF-«B work together to increase IL-1/5 transcription
and thereby trigger inflammatory responses ),

5 Conclusion

In summary, our results indicate that SYG can alleviate
BV2 microglia-related neuroinflammation by affecting
NF-«B activity and inflammasome assembly to treat re-
lated neurological diseases. On the other hand, it is ne-
cessary to conduct further in vivo experimental research
on SYG to determine its component metabolism changes
in the body to carry out follow-up treatment research.
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AR R IS % ¥iE 509 BV2 IR 48 B0 K R AUE AR

30, B, RS, X HRS, RS, &

a. HEH P EZKFHZKZEHMBTFNNHEEEERE, ik KV 410208, F E
b. b7 LAk K 524 AL 55 £ 4 T 512, L7 100024, ¥ B
c. VB E FAF AL F e [E T 2 AR P 25 P R R AF R P, 46 % 100193, F B
d. ¥ B ¥ EAF ¥ 2HFE P, AL 7 100700, F E

[#BE] BE FFRAZFAAR S ¥ 509 BV2 DR dm At K e RO 64908 7 AR R L ik SRR 20 038 7 - M A
M (CCK-8) k& 7 A 3% 3 2t BV2 Mg iy 4m L 6 4m L2, ST A R ) IR B A3 3 2 5 % 4% (LPS) % 549
BV2 R R AR E N 09 % 0w s S RARBTILES a0 BT A5 AL 4% ) Griess X 7 M 2 4a iR 3 4 b F iR — BAL R
(NO) W ; 38 3 B F% f, )% R 3K B3 (ELISA) ) 2 2 fe B - e K AR 09 & 3K 5 & & JR ¥R i 47 (Western blot)
B T # E ifFA — A4 R AB4 (INOS). 4 B T -xB p65 (NF-«B p65). #F B2 14 -4% B -F «B p65 (p-NF-xB p65). 4
BT «B-a #74%& G (IkB-a) FBR0AZ B T -kB-a 376 % & (p-IkB-a) B H R4 5 R RIMENBAELIREES 3
(NLRP3) VA % caspase-1 & iA ; % 9% 3¢ & & VL2 iNOS, NLRP3 #= & F 45 4 &-#7 44 F 1 (Ibal) #9 & A |
LR AR AT BV2 AR 40 i B ARG da et A, S AR 2 K LPS 5 54 BV2 DR Al A
1 (P <0.05),ELISA % R & ¥ A3z 3 4k 2 % 475 LPS % F69 BV2 MR 40 i F & 2o o2 -15(IL-18) = & 4m
feA~Z-6(IL-6) & A F 6934 m (P <0.05), Western blot 45 R 2 =, A& 3# 4 22 )5 49 iNOS, NF-xB p65 #= 1xB-
o BEER ALK T vA & NLRP3 #= caspase-1 # % ik 9 2 4K, IxB-o A 73 (P < 0.05, 5 LPS &L #4148k ) . %
FRAERL Westernblot R —5, jF H Ibal £ & A @B AL THERE X LR K, KX IF 2
LPS %349 BV2 NI m fe el K g A — 2 89 3k 1 A 238 323 T #k il i3 % v% NF-«B p65 #= [xkB-o 89 Bk
MK Sk ) LPS 4 569 BV2 R R 20 B K ) F 3% A3 3 2 08 97 A 22 K I AR K gk R 89 R M8 69 4% it
%,

[ R4E38 | Sz 40 2 K R K BT BV2 DN 4a e s % 4
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