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Abstract. As the resident macrophages of the brain's innate 
immune system, microglial cells are key modulators in the 
neurodegenerative disease Alzheimer's disease (AD). In 
particular, the activation and accumulation of microglial cells 
around amyloid plaques is considered to result in chronic 
neuroinflammation. Although the pathologic mechanism 
remains to be fully elucidated, inflammation has been shown 
to be critical in the pathogenesis of AD. The Gengnianchun 
(GNC) formula has long been used to treat perimenopausal 
syndrome clinically, and is particularly effective in improving 
learning ability and memory. Our previous study demonstrated 
that GNC formula had an anti‑inflammatory effect and offered 
neuroprotection in animal experiments. In the present study, 
the anti‑inflammatory properties of GNC and its underlying 
mechanism of action were examined in BV‑2 microglial cells. 
Amyloid-β peptide (Aβ)‑stimulated microglial cells were 
examined for the production of proinflammatory cytokines 
and the underlying signaling pathways. Compared with the 
normal control group, the protein expression levels of IL-1β 
and TNF-α were significantly increased following treatment 
with Aβ (P<0.01), but medicated rat serum containing GNC 
formula (MRS) could significantly attenuated the Aβ-induced 

secretion of these pro‑inflammatory cytokines. It was identi-
fied by CCK‑8 assay that the viability of the BV‑2 cells was 
not reduced following treatment with various concentrations 
of MRS. The phosphorylation of factor-κB (NF‑κB) and c‑Jun 
N‑terminal kinase (JNK) was markedly increased following 
treatment with Aβ, compared with the normal control group 
(P<0.01). However, treatment with MRS resulted in a significant 
reduction in the phosphorylation of NF-κB (P<0.05). These 
results suggested that MRS suppressed the Aβ‑induced inflam-
matory response of microglial cells by inhibiting the NF-κB 
and JNK signaling pathways. These novel findings provide 
insights into the development of GNC formula as a therapeutic 
agent for the treatment of neurodegenerative disorders.

Introduction

Alzheimer's disease (AD) is a chronic, progressive and irre-
versible neurodegenerative disease with clinical features of 
memory loss, dementia and cognitive impairment. It is the most 
common cause of dementia among the elderly, accounting for 
50‑70% of all cases worldwide (1-3). AD is a multifactorial 
disorder, involving several pathological mechanisms. It is 
histopathologically characterized by the presence of senile 
plaques, neurofibrillary tangles and neuron loss in the brain. 
In particular, the senile plaques are extracellular deposits of 
amyloid-β peptide (Aβ), which is cleaved from the amyloid 
precursor protein. However, the exact mechanism triggering 
neurodegeneration in AD remains to be fully elucidated, and 
there is no effective treatment to prevent or reverse AD at 
present (4,5).

The inflammatory response is a beneficial host immune 
response to tissue injury or infection. However, it may lead 
to potentially damaging consequences and result in several 
inflammatory diseases and types of cancer (6). In AD, the acti-
vation and accumulation of microglial cells around amyloid 
plaques has long been described and is considered to result 
in chronic neuroinflammation, which leads to the production 
of proinflammatory cytokines, including interleukin (IL)‑1β 
and tumor necrosis factor (TNF)-α, followed by neurodegen-
eration (7,8). The different functions of microglial cells on the 
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progression of AD have been considered to be a double-edged 
sword; as Aβ is able to activate microglia and initiate an 
inflammatory response, microglia may be important in the 
clearance of Aβ peptides in the early stages (9,10). However, 
the over stimulation of microglia cells can lead to the exces-
sive secretion of pro‑inflammation cytokines, thus forming 
a chronic neuro‑inflammatory reaction in AD. Therefore, it 
is critical to maintain the beneficial functions of microglial 
cells and avoid neurotoxin production, which may offer useful 
therapeutic strategies for AD.

Nuclear factor (NF)-κB is a transcription factor, which 
is critical in regulating cellular proliferation, inflammatory 
responses and cell adhesion (11). Inactive NF-κB complexes 
are sequestered in the cytoplasm via binding to the inhibitory 
protein (IκB). Once activated, IκB proteins are phosphorylated 
rapidly, and the phosphorylated IκB proteins are targeted for 
ubiquitination and degradation. The free NF-κB then trans-
locates into the nucleus where it regulates the production 
of various pro‑inflammatory mediators (12,13). It has been 
shown that microglia express activated NF‑κB in AD (14,15). 
Mitogen‑activated protein kinase (MAPK), namely, the extra-
cellular signal‑regulated protein kinase, the c‑Jun N‑terminal 
kinase (JNK), p38 MAPK and atypical MAPKs, is one of 
the signal transduction cascades involved in the regulation 
of inflammatory mediators (16). The activation of MAPK 
signaling pathways has been reported to be involved in the 
development of several human diseases, including AD and 
Parkinson's disease (17-19). Therefore, the NF-κB and MAPK 
signaling pathways serve as important molecular targets for 
the development of potential anti‑inflammatory drugs.

The Gengnianchun (GNC) formula has long been used in 
China to treat perimenopausal syndrome (PMS) clinically, 
and is particularly effective in improving learning ability and 
memory (20,21). Previous studies have shown the anti‑inflam-
matory and neuroprotective effects of GNC (22,23). In the 
present study, the anti‑inflammatory properties of GNC and its 
underlying molecular mechanism of action were investigated 
in BV‑2 microglial cells.

Materials and methods

Materials and reagents. Synthetic Aβ (1‑42) was purchased 
from AnaSpec, Inc. (San Jose, CA, USA). Minimum 
essential medium (MEM), fetal bovine serum (FBS) and 
phosphate‑buffered saline (PBS) were purchased from 
Gibco; Thermo Fisher Scientific, Inc. (Waltham, MA, USA). 
Cytokine (IL-1β and TNF-α) enzyme-linked immunosorbent 
assay (ELISA) kits were purchased from R&D Systems, Inc. 
(Minneapolis, MN, USA). A Cell Counting Kit‑8 (CCK‑8) 
was obtained from Dojindo Molecular Technologies, Inc. 
(Kumamoto, Japan). Antibodies against phosphorylated JNK 
(p‑JNK) and p‑p65 were purchased from Cell Signaling 
Technology, Inc. (Danvers, MA, USA). All other chemicals 
were purchased from common commercial suppliers.

Preparation of medicated rat serum. A single unit of GNC 
formula was 138 g total weight, composed of 12 crude 
herbs: 15 g Radix Rehmanniae (Shengdihuang), 12 g of Herba 
Epimedium brevicornum (Yinyanghuo), Radix Paeoniae 
Alba (Baishao), Semen Cuscuta (Tusizi), Wolfberry fruit 

(Gouqizi), Radix Morindae officinalis (Bajitian) and Herba 
Cistanche (Roucongrong), 15 g of Tortoise shell (Guijia) 
and Rhizoma anemarrhenae (Zhimu), 9 g of Poria (Fuling) 
and Cortex Phellodendri (Huangbai), and 3 g of Rhizoma 
Coptidis (Huanglian). A total of 138 g of herb mixture was 
reduced to 25 g of concentrated powder by Jiangyin Tianjiang 
Pharmaceutical Co., Ltd. (Shanghai, China). A total of 
40 female SD rats (3 months old and weighing 250±20 g) 
were obtained from the Experimental Animal Center of the 
Chinese Academy of Sciences [Shanghai, China, license 
no. SCXK (Hu) 2012‑0002]. The rats were housed at 23‑25˚C 
with 55% humidity, a 12‑h light/dark cycle and free access to 
food and tap water. All the rats were bilaterally ovariectomized 
following anaesthetization with an intraperitoneal injection 
with 4% chloral hydrate. After 7 days, the rats were randomly 
divided into two groups. One group was intragastrically 
administered with GNC (25 g powder dissolved in 100 ml 
normal saline) at a dose of 5 g/kg. The rats in the other group 
were administered with normal saline at the same volume for 
5 days. At 1 h following the final administration, serum was 
obtained by centrifugation (3,000 x g for 10 min at 4˚C). The 
serum was sterilized by vacuum filtration and stored at ‑20˚C.

Cell culture and treatment. The murine microglia BV‑2 cell 
line was purchased from the China Center for Type Culture 
Collection (Wuhan, China) and cultured in MEM supple-
mented with FBS (10%), 100 U/ml penicillin and 100 µg/ml 
streptomycin at 37˚C in a humidified cell incubator in a 95/5% 
(v/v) mixture of air and CO2. The BV‑2 microglial cells, seeded 
in a 96‑well plate at a density of 1x104/well, were pretreated 
with different concentrations of MRS (2.5, 5, 10 and 20%) for 
2 h, and were then incubated with 5 µM Aβ (1-42) for another 
12 h at 37˚C. In the preliminary experiments to determine the 
effect of different concentrations of Aβ (1-42) on the secre-
tion of IL-1β and TNF-α, the microglial cells were seeded 
at a density of 1x104/well in a 96‑well plate and treated with 
Aβ (1-42) at different concentrations (2.5, 5, 10 and 20 µM). 
Subsequently, microglial cells seeded on a 96‑well plate at a 
density of 1x104/well were treated with 5 µM Aβ (1-42) for 
the indicated periods of time. Following treatment, the super-
natant was collected and stored at ‑80˚C for measuring the 
protein levels of IL-1β and TNF-α using ELISA.

Cell viability. The cell viability was detected using a CCK‑8. 
Briefly, 100 µl of BV2 cell suspension (1x104 cells/well) 
was seeded into 96‑well plates overnight, following which 
the supernatant was removed and the cells were incubated 
in FBS‑free medium for 12 h. MRS was then added at the 
various concentrations for 24 h. Following treatment, the cell 
viability was assessed using the CCK‑8. The optical density 
was measured at 450 nm.

ELISA. The protein levels of IL-1β and TNF-α in the superna-
tant of the cultured BV2 microglial cells were measured using 
an ELISA kit according to the manufacturer's protocol.

Western blot analysis. To confirm the effects of MRS on 
the Aβ (1-42)-induced activation of NF-κB and JNK in the 
BV2 microglia cells, protein extracts from the cell cultures 
were obtained using a commercial extract kit (Active Motif, 
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Carlsbad, CA, USA) and analyzed using western blot analysis 
according to standard protocols. The cells were lysed in 
lysis buffer (Biyuntian Biotech Co., Ltd., Shanghai, China) 
following the manufacturer's protocols. A bicinchoninic acid 
assay (Biyuntian Biotech Co., Ltd., Shanghai, China) was used 
to determine concentration of the protein lysate. The extracts, 
containing 30 µg proteins, were loaded on a 10% SDS‑PAGE 
gel. Following electrophoresis, the proteins were transferred 
onto a polyvinylidene fluoride (PVDF) membrane (Invitrogen; 
Thermo Fisher Scientific, Inc.). Following blocking with 
5% BSA for 1 h at room temperature, the PVDF membrane 
was incubated with the p‑p65 antibody (3033; 1:1,000; Cell 
Signaling Technology, Inc., Danvers, MA, USA A), p‑JNK 
antibody (4668; 1:1,000; Cell Signaling Technology, Inc.), and 
β‑actin antibody (ab8229; 1:1,000; Abcam, Cambridge, UK) 
at 4˚C overnight. Subsequently, the membrane was incubated 
with a horseradish peroxidase‑conjugated secondary antibody 
(SA00001-15; 1:5,000; Proteintech Group, Inc., Chicago, IL, 
USA) for 1 h at room temperature. Following three washes, the 
immune complexes were detected using an electrochemilumi-
nescence system. Images were captured using the ImageQuant 
LAS 4000 mini analyzer (General Electric Company, Fairfield, 
CT, USA).

Statistical analysis. Each experiment was repeated at least 
three times. The data are expressed as the mean ± standard 
deviation. The statistical significance was analyzed by one‑way 

analysis of variance followed by Fisher's LSD‑t post hoc 
test. Statistical analysis was performed using SPSS software 
(version 16.0; SPSS, Inc., Chicago, IL, USA) to determine 
significant differences. P<0.05 was considered to indicate a 
statistically significant difference.

Results

Effects of Aβ on the secretion of pro‑inflammatory cytokines in 
BV‑2 microglial cells. In order to assess the pro‑inflammatory 
properties of Aβ in BV‑2 microglial cells, the present study 
measured the effects of Aβ on the production of pro‑inflam-
matory cytokines. As shown in Fig. 1A and B, treatment with 
2.5-20 µM Aβ dose-dependently induced the release of IL-1β 
and TNF-α.

MRS inhibits the release of pro‑inflammatory cytokines 
in β‑stimulated BV‑2 microglial cells. Stimulation of the 
BV‑2 microglial cells with Aβ increased the expression of 
pro‑inflammatory cytokines. As shown in Fig. 2, the protein 
expression levels of IL-1β and TNF-α were significantly 
increased following treatment with Aβ, compared with the 
levels in the normal control group (P<0.01). However, treatment 
with MRS significantly attenuated the Aβ-induced secretion 
of these pro‑inflammatory cytokines. At concentrations of 

Figure 2. Effect of MRS on the Aβ (1-42)-induced production of IL-1β and 
TNF-α. The BV‑2 cells were pretreated with different concentrations of 
MRS for 2 h, followed by co‑treatment with 5 µM Aβ (1-42) for another 
12 h. The culture supernatants were collected and assayed for (A) IL‑1β and 
(B) TNF‑α. Each value indicates the mean ± standard deviation from three 
independent experiments. #P<0.01, vs. untreated control cells. *P<0.05, vs. 
cells treated with Aβ (1-42) alone. MRS, medicated rat serum containing 
Gengnianchun formula; Aβ, amyloid β; IL-1β, interleukin-1β; TNF-α, tumor 
necrosis factor-α.

Figure 1. Effect of Aβ (1-42) on the production of IL-1β and TNF-α. 
(A) Production of IL-1β in BV‑2 cells treated with different concentrations 
of Aβ (1‑42) for 12 h. (B) Production of TNF‑α in BV‑2 cells treated with 
different concentrations of Aβ (1-42) for 12 h. Each value indicates the 
mean ± standard deviation from three independent experiments. #P<0.01, vs. 
untreated control cells. Aβ, amyloid β; IL-1β, interleukin-1β; TNF-α, tumor 
necrosis factor-α.
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10‑20%, MRS significantly attenuated the Aβ-induced protein 
expression of IL-1β (Fig. 2A). The increase in the protein 
expression of TNF-α was also reduced significantly following 
treatment with MRS at concentrations of 5‑20% (Fig. 2B).

Cell viability. To confirm that the anti‑inflammatory property 
of MRS was not due to cytotoxic effects on the BV‑2 microg-
lial cells, a CCK‑8 assay was performed. As shown in Fig. 3, 

the viability of the BV‑2 cells was not reduced following treat-
ment with various concentrations of MRS, suggesting that the 
inhibitory effects of the Aβ‑induced inflammatory response 
did not result from its cytotoxic action.

MRS inhibits the Aβ‑induced activation of NF‑κB and JNK 
in BV‑2 microglial cells. As NF-κB is known to be key in the 
inflammatory response, the present study investigated whether 
NF-κB is involved in suppression of the inflammatory response 
induced by MRS. The effect of MRS on Aβ-induced NF-κB 
activation was examined using western blot analysis. It is known 
that the phosphorylation of NF-κB is considered a marker of 
NF-κB activation. As shown in Fig. 4, the phosphorylation 
of NF-κB was markedly increased following treatment with 
Aβ, compared with that in the normal control group (P<0.01). 
No marked reduction in the Aβ-induced phosphorylation of 
NF-κB was observed in the non‑medicated rat serum (NRS) 
group, however, treatment with MRS resulted in a significant 
reduction in the phosphorylation of NF-κB (P<0.05). As there 
is a crosstalk between NF‑κB and MAPK, and this crosstalk 
is important for maximal activation of genes associated with 
inflammation, the present study examined the effect of MRS 
on MAPK activity, which regulates the function of NF‑κB. As 
shown in Fig. 5, the phosphorylation level of JNK was mark-
edly increased following treatment with Aβ, compared with 
that in the normal control group (P<0.01), whereas treatment 
with MRS significantly inhibited Aβ‑induced JNK activation 

Figure 4. Effects of MRS and NRS on Aβ (1-42)-induced nuclear factor-κB 
p65 activity. The BV‑2 cells were pretreated with 10% MRS or NRS for 1 h, 
followed by co‑treatment with 5 µM Aβ (1-42) for another 4 h. The extracts 
from cell cultures were prepared and analyzed. Each value indicates the 
mean ± standard deviation from three independent experiments. #P<0.01, vs. 
untreated control cells. *P<0.05, vs. cells treated with Aβ (1-42) alone. MRS, 
medicated rat serum containing Gengnianchun formula; NRS, non-medi-
cated rat serum; Aβ, amyloid β; p-, phosphorylated.

Figure 3. Effect of MRS on the viability of BV‑2 cells. Each value indicates 
the mean ± standard deviation from three independent experiments. MRS, 
medicated rat serum containing Gengnianchun formula.

Figure 5. Effects of MRS and NRS on Aβ (1‑42)‑induced JNK activity. 
The BV‑2 cells were pretreated with 10% MRS or NRS for 1 h, followed 
by co‑treatment with 5 µM Aβ (1-42) for another 4 h. The extracts from cell 
cultures were prepared and analyzed. Each value indicates the mean ± stan-
dard deviation from three independent experiments. #P<0.01, vs. untreated 
control cells. *P<0.05, vs. cells treated with Aβ (1-42) alone. MRS, medicated 
rat serum containing Gengnianchun formula; NRS, non-medicated rat serum; 
Aβ, amyloid β; JNK, c‑Jun N‑terminal kinase; p‑JNK, phosphorylated JNK.
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(P<0.05). Again, the NRS group had no effect on reducing the 
Aβ‑induced phosphorylation of JNK. These data suggested 
that the inhibitory effect of MRS on the Aβ‑induced inflam-
matory response occurred through suppressing the activation 
of NF-κB and JNK in the BV‑2 microglial cells.

Discussion

AD is a chronic, progressive and irreversible neurodegenera-
tive disease, with characteristics of memory loss and cognitive 
impairment. Although the exact pathophysiologic mechanism 
of AD remains to be elucidated, there is accumulating evidence 
that neuroinflammation is critical in the pathogenesis of 
AD (5). AD is characterized by senile plaques, neurofibrillary 
tangles, and loss of neurons and synapses. Aβ peptide accu-
mulation is a major pathological hallmark of AD. In the AD 
brain, microglial cells are found in close association with Aβ 
deposits. It is widely accepted that inflammation in the central 
nervous system is characterized by the activation of microglial 
cells, and the production of pro‑inflammatory cytokines and 
chemokines. Furthermore, the release of neuroinflamma-
tory cytokines is harmful to neighboring healthy cells. Over 
previous years, the process of inflammation has increased 
in interest in AD, not only for its potential role in neurode-
generative disease but as a potential therapeutic approach. 
Therefore, regulating microglia‑mediated neuroinflammation 
and neurotoxicity is considered to be an important therapeutic 
target in the treatment of neurodegenerative disorders (24). 
However, the exact mechanism underlying the release of these 
pro-inflammatory cytokines in activated microglial cells 
remains to be elucidated.

The NF-κB and MAPK signaling pathways are known to 
be crucial in inflammatory gene regulation and are considered 
to have an important function in the production of pro‑inflam-
matory cytokines induced by Aβ. Regarding the NF-κB 
signaling pathway, various irritants, including Aβ, can activate 
it. A number of studies have reported that NF-κB is a major 
signaling molecule involved in inflammatory response (11,12). 
The MAPK signaling pathway has been shown to be involved 
in the Aβ-mediated production of several inflammatory 
genes, which are important for the activation of NF‑κB. It is 
known that there is crosstalk between the NF‑κB and MAPK 
signaling pathways, which is important for maximum activa-
tion of genes associated with inflammation. The present study 
provided definitive evidence that the NF‑κB and JNK signaling 
pathways were activated following Aβ treatment in microglial 
cultures. It was found that Aβ treatment significantly increased 
the phosphorylation of NF-κB p65 and JNK, which are consid-
ered to be markers of NF-κB and JNK activation, upregulating 
the expression of pro‑inflammatory cytokines, including IL‑1β 
and TNF-α. Therefore, NF-κB and JNK may be considered as 
targets for the molecular therapy of AD.

The GNC formula, as a traditional Chinese decoction, 
has long been used in China to treat PMS clinically, and 
is particularly effective in improving learning ability and 
memory (20,21). Previous investigations have demonstrated the 
anti‑inflammatory and neuroprotective effects of GNC (22,23). 
Similarly, the results of the present study showed that serum 
containing GNC formula significantly reduced the expression 
levels of IL-1β and TNF-α, accompanied by the inhibition of 

NF-κB and JNK activation in microglial cultures treated with 
Aβ. The present study also showed that the inhibitory effect 
of MRS on the expression levels of IL-1β and TNF-α was not 
due to its direct toxicity on microglial cells, as the different 
concentrations (2.5-20%) of GNC formula in the serum did not 
affect microglial cell viability.

Microglial cells are the primary immune effector cells of 
the brain, with an integral role in maintaining brain homeo-
stasis and protecting the brain from infections. However, 
the persistent stimulation of microglial cells is considered to 
contribute to neurodegenerative disease through increasing 
the production of pro‑inflammatory cytokines, including IL‑1β 
and TNF-α. Several inflammatory mediators, including IL‑1β 
and TNF-α, are considered to be critical in the inflammatory 
process of AD. There is an increase in the release of these 
pro‑inflammatory cytokines from microglial cells following 
exposure to Aβ. Therefore, decreasing these pro‑inflammatory 
cytokines offers an alternative therapy for AD. However, the 
inflammatory mediators, including pro‑inflammatory cyto-
kines, represent downstream molecules only, and the NF‑κB 
and MAPK signaling pathways are the common pathways 
in the inflammatory cascade. Therefore, in order to obtain 
optimal therapeutic benefits, therapies interfering with key 
components of the inflammatory cascade, including NF‑κB 
and JNK, may be more efficient. Therefore, GNC may be a 
potential drug in the treatment of AD as the therapeutic targets 
of GNC are critical and multiple.

In conclusion, the present study showed that GNC formula 
mediated its anti‑inflammatory effects through decreasing 
pro‑inflammatory cytokines and by suppressing the activation 
of NF-κB and JNK in Aβ-stimulated microglial cells. The 
treatment of AD remains a challenge, however, these findings 
suggested that GNC inhibits the release of neurotoxic products 
in the central nervous system. Therefore, GNC formula may be 
a useful therapeutic drug to prevent AD.
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