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ABSTRACT

Alzheimer’s disease (AD) is acommon neurodegenerative disease in the aged population.
Tripterygium glycoside (TG) has been reported to protect the nervous system. However, the effect
of TG on AD is still unknown. We aimed to explore the effect of TG on AD. Thirty-two C57BL/6J
mice were randomly selected and assigned to the normal control, AD model, AD
+donepezil, and AD+TG groups. PC12 cells were assigned to the normal control, AD cell
model, and AD+TG groups. The alterations in spatial memory and learning abilities of mice
were measured by Morris water maze. Neuronal damage in mice was detected using Nissl
staining. The expression levels of AP,s.3s, p-Tau, and CD11b in brain tissues were detected
using immunohistochemistry. The expression levels of IL-13, TNF-a, NO, p-P38, P38, p-lkBaq,
Caspasel, COX2, and iINOS were measured using ELISAs, qRT-PCR, and western blotting.TG
significantly improved the spatial memory and learning abilities of AD mice. Compared toAD
model group, significantly lower expression levels of Afys3s5, p-Tau, and CD11b were
observed in AD+TG group (p < 0.05). The neuron density significantly increased in AD+TG
group (p < 0.05). Significantly lower expression levels of IL-1B, TNF-a, NO, caspase-1, COX2,
iNOS, p-IkBa and p-P38 MAPK were detected in AD+TG group (p < 0.05). In summary, TG may
exert aneuroprotective effect by suppressing the release of inflammatory factors and microglial
activity and inhibiting the phosphorylation of IkBa and p38 MAPK. These findings may improve
our understanding of the mechanism of TG intervention in AD.
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Introduction These cells produce many proinflammatory fac-

Alzheimer’s disease (AD) is a progressive degen-
erative disease of the nervous system in elderly
people, especially in elderly people over the age
of 65 years, with the clinical features of memory
impairment, progressive cognitive decline and
behavioral changes [1-5]. The pathogenesis
of AD is complex. Neuroinflammation was identi-
fied as one of the most important factors contri-
buting to the occurrence and development of AD
[6,7]. Neuroinflammation is mainly attributed to
the activation of astrocytes and microglia [8,9].
Senile plaques are the main pathological feature
of AD [10]. The core of senile plaques is the
deposition of AP [11]. Activated microglia have
been observed around neuroinflammatory plaques
in the hippocampus of patients with AD [12].

tors, including interleukin 1 beta (IL-1(), tumor
necrosis factor alpha (TNF-a), inducible nitric
oxide synthase (iNOS) and cyclooxygenase-2
(Cox-2), which may recruit neutrophils by indu-
cing the expression of adhesion molecules and
chemokines in astrocytes and microglia that sub-
sequently play an important role in the initial
stages of neuroinflammation [13,14].
Tripterygium glycosides (TGs) are nonsteroi-
dal immunosuppressants. Physiological activities
are attributed to diterpene lactone alkaloids and
triterpenes that were reported to exert anti-
inflammatory, antitumor and immunosuppres-
sive effects [15-18] and were shown to protect
the nervous system [19]. Recent researchers have
reported that TG ameliorates inflammation in
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astrocytes induced by lipopolysaccharide (LPS)
by decreasing the expression of TNF-a, iNOS
and IL6 [20]. Zheng et al. indicated that TG
inhibits intestinal inflammatory responses by
inhibiting the NOX-ROS-NLRP3 signaling path-
way [21]. In addition, Wang et al. showed that
TG exerts anti-inflammatory effects by promot-
ing the expression of IL-37 [22]. Moreover, Shan
et al. reported that TG inhibits the expression
levels of TNF-a and nuclear factor-kappa B (NF-
kB), reduces the infection rate of Ureaplasma
urealyticum, and treats prostatitis [23].
Therefore, TG may be a promising drug treat-
ment for chronic inflammatory diseases. However,
the effect and molecular mechanism of TG on AD
remain unknown. In the current study, we
attempted to evaluate the alterations in spatial
memory, microglial activation, and the expression
levels of TNF-a, IL-1p, iNOS, COX-2, p-p38,
p-IkBa and an apoptosis-related  factor
(Caspasel) in AD mouse models treated with TG.

Materials and methods
Grouping and treatment of experimental animals

All animal experiments were performed in the
Neuroscience and Behavior Center of Changsha
Medical University. Thirty-two C57BL/6 ] mice
(male, 28 + 5 g, 6 months old) were purchased
from Silaike Jingda Biotechology Co., Ltd.
(Changsha, Hunan, China). The mice were housed
under controlled conditions  (temperature:
23 £ 0.6°C, relative humidity: 55 + 8%, light:dark
cycle = 12 h:12 h).

The mice were randomly divided into four
groups:

(1) AD+TG group (0.25 mg/10 g.d TG, 1 mg/
ml, n = 8);

(2) AD+donepezil group (0.25 mg/10 g.d done-
pezil, 1 mg/ml, n = 8);

(3) AD model group (0.5 ml/d (0.9%) NS,

n = 8).
(4) Normal control group (0.5 ml/d (0.9%) NS,
n=38)

Mice in the AD+TG, AD+donepezil, and AD
model groups were first administered 3 pl of
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ABys.35 (both sides, 1 mg/ml) via a lateral ven-
tricular stereotactic injection on Day 0 [24].
Mice in the normal control group were adminis-
tered 3 ul of normal saline (NS) (both sides,
0.9%) via a lateral ventricular stereotactic injec-
tion on Day 0. The procedures for the lateral
ventricular stereotactic injection were described
by Choi et al [24]. The entire agent was admi-
nistered once. Mice in the AD+TG, AD+done-
pezil, and AD model groups were then treated
with 0.25 mg/10 g.d TG, 0.25 mg/10 g.d done-
pezil, and 0.5 ml/d NS separately on Day 15.
Mice in the normal control group were treated
with 0.5 ml/d NS on Day 15. Drug treatment
was administered by intraperitoneal injection
once per day for 28 continuous days. Donepezil
(10 mg/tablet) and TG (10 mg/tablet) tablets
were purchased from Lianban Pharma Co., Ltd.
(Zhuhai, China). The dose and duration of TG
were determined using the method described by
Wang et al [25].

Grouping and treatment of experimental cells

PC12 cells were cultured in dulbecco’s modified
eagle medium (DMEM) containing 10% fetal
bovine serum (FBS) and 1% antibiotics (100 U/
ml penicillin and 100 mg/ml streptomycin) in
a flask at 37°C in a 5% CO, incubator. After
24 hours, the morphology was observed with an
inverted microscope. Cells were digested with
trypsin-EDTA upon reaching confluence. The
cultured PC12 cells were divided into three
groups:

(1) Normal control group ((0.9%) NS)

(2) AD cell model group (AP,s.35 20umol/L)

(3) AD+TG group (AP,s.35 20umol/L + 25 pg/L
TG)

The normal control cells were treated with
NS. AD model cells were treated with 20 pmol/
L Ap,s3s for 24 h. The AD+TG group was
treated with 20 umol/L Af,s53s and 25 ug/L
TG for 24 h. The dose and duration of AP,5 35
and TG were determined using the methods
reported by Zheng [26] and Wang et al [27].
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Morris water maze test

The Morris water maze test was performed on Day
14 after the AP,5 35 injection and on Day 29 after
TG treatment in mice. The procedure for the
Morris water maze test was based on the descrip-
tion in the study by Vorhees et al. [28]. The
ethology data collection procedure was described
in our previous study [29].

Tissue collection

Abdominal anesthesia with pentobarbital sodium
(40 mg/kg) was administered prior to decapitation
and removing the brain. Samples of the left hemi-
sphere (n = 8) were stored in 4% paraformalde-
hyde overnight. Samples of the right hemisphere
(n = 8) were quickly frozen in liquid nitrogen and
stored in a — 80°C freezer until further analysis.

Nissl staining

Nissl staining was used to detect the distribution
of neurons in the hippocampus. The density and
morphological changes in hippocampal neurons
were measured with Image-Pro Plus 5.1 software
(Media Cybernetics, Inc., Bethesda, USA).

ELISA

The release of nitric oxide (NO) was measured at
540 nm with an enzyme-labeled instrument and
Griess reagent (Abcam, Cambridge, United
Kingdom; ab234044). The levels of IL-1p and
TNF-a were detected using an enzyme-labeled
instrument (Varioskan LUX) (Thermo Scientific,
Singapore) and ELISA kits (Sigma, Tokyo, Japan;
IL-1P ELISA kit: #E-EL-H0149¢; TNF-a ELISA Kkit:
#E-EL-H0109¢).

Western blotting

A BCA Protein Assay Kit (Beyotime, Beijing,
China, #E-BC-K318-M) was employed to analyze
the total protein concentration in the brain tissue
samples. Sodium dodecyl sulfate polyacrylamide
gel electrophoresis (SDS-PAGE) was conducted at
80 V for 1 hour. Proteins were transferred to the
membrane using Trans-Blot*Turbo™ (Bio-Rad,

USA). The total protein was incubated with rabbit
antibodies against p-P38 (1:1000; 43 KD,
AFFINITY, #AF3455, Rabbit), P38 (1:3000; 43
KD, AFFINITY, #AF6456, Rabbit, Jiangsu,
China), p-IkBa (1:1000; 39 KD, AFFINITY,
#AF2002, Rabbit, Jiangsu, China), Caspasel
(1:1000; 45 KD, AFFINITY, #AF5418, Rabbit,
Jiangsu, China), COX2 (1:1000; 72 KD,
AFFINITY, #AF7003, Rabbit, Jiangsu, China),
iNOS (1:500; 130 KD, AFFINITY, #AF0199,
Rabbit, Jiangsu, China) and a-Tubulin (1:5000;
ProMab, #PM210797, Rabbit) at 4°C overnight.
Then, the blots were incubated with rabbit IgG
(1:80000; AFFINITY, #S0001, Rabbit, Jiangsu,
China) at room temperature for 2 h. Image-Pro
Plus software was used to analyze the positive
signals.

Immunohistochemistry

The procedures were performed as described in
our recently reported study [30]. The primary
antibodies were anti-AP,s.3s (1:150; AFFINITY,
#E-AB-125941, Rabbit, Jiangsu, China), p-Tau
(1:200;  AFFINITY, #E-AB-312902, Rabbit,
Jiangsu, China), CD11b (1:150; AFFINITY,
#E-AB-60354, Rabbit, Jiangsu, China), and the
secondary antibody was IgG (1:200; AFFINITY,
#E-AB-125900, Rabbit, Jiangsu, China).

qRT-PCR

Total RNA was extracted using a TRIzol Reagent
(Ambion®) Kit (15596-026, Invitrogen, USA) and
purified using DNase. The RNA quantity and
integrity were detected using NanoDrop and
Agilent spectrophotometer. The cDNA templates
were synthesized using the BeyoRT™ First Strand
cDNA Synthesis Kit (D7166, Beyotime, Beijing,
China). The TB Green™ Premix Ex TAQ TM II
kit (RR820A, TAKARA, Tokyo, Japan) was used
for QqRT-PCR. The relative expression of mRNAs
was calculated with the 27%*“" method. B-Actin
was used as an internal reference.

Statistical analysis

SPSS 22.0 was used for statistical analyses. All data
are presented as the means * standard deviations



(means + SD). One-way ANOVA was used for
comparisons among groups. The SNK-q test was
used to compare the data between two groups.
P < 0.05 indicated a significant difference.

Results

Establishment of AB,s.35-induced AD mouse
models

Significantly longer latency (AD: 59.61 + 3.23 vs.
normal control: 21.36 * 2.62) and decreased
frequencies of platform crossings (AD:
1.33 + 0.02 vs. normal control: 6.28 * 0.05)
were detected in the AD model group compared
with the control group (p < 0.05) (Figure 1(a-b,
e-f)). In addition, a significantly greater number
of activated microglia was observed in the AD
mouse model (5314 + 147.35) than in the nor-
mal control group (1132 * 107.63) (p < 0.05)
(Figure 2(a-b,e)). Significantly higher levels of
ABys.35 (AD: 2529.26 + 405.54 vs. normal con-
trol: 1324.21 + 341.26) and integrated optical
density (IOD) of p-Tau (AD: 1227.96 = 76.54
vs. normal control: 197.21 + 12.47) were
detected in the AD model group than in the
normal control group (Figure 2(f-g, j, k-10)).
Furthermore, the neuron density was signifi-
cantly decreased in the AD model group
(1214.74 £ 108.60) compared with that in the
normal control group (3245.35 + 114.92)
(p < 0.05) (Figure 3(a-b,e)). Therefore, AD
mouse models induced by AB,s ;5 were success-
fully established.

The protective effect of TG on AD mouse models
and AD cell models

Morris water maze

Compared to the AD model group, a significantly
shorter latency (36.24 £+ 1.31 vs. 59.62 + 1.13) was
detected in the AD+TG group (p < 0.05) (Figure 1
(d,f)). In addition, compared to the AD model
group, a significantly increased frequency of plat-
form crossings was observed for the AD+TG
group (3.41 + 0.12 vs. 1.01 = 0.04) (p < 0.05)

(Figure 1(e,f)).
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Expression levels of AB,s.35 and P-Tau

Compared to the AD model group
(2529.26 + 405.54), a significantly lower integrated
optical density (IOD) of p-Tau (363.01 + 41.73)
was detected in the AD+TG group (p < 0.05)
(Figure 2(g,i,j)). Compared with that in the AD
model group (1802.26 + 317.45), a significantly
lower amount of AP,s ;5 was detected in the AD
+TG group (1227.96 + 52.12) (p < 0.05) (Figure 2
(1,n,0)).

Activity of microglia

The microglia in the hippocampus of the AD+TG
group were much smaller and presented fewer
branches than those in the AD model group. In
addition, a significantly decreased IOD of CD11b
was observed in the AD+TG  group
(1216.6 + 190.86 vs. 2884.07 + 544.46) compared
to the AD model group (p < 0.05) (Figure 2(b,
d,e)).

Nissl staining

The neurons were arranged regularly in the AD
+TG group but were disordered in the AD model
group. The neuron number was significantly
increased in the AD+TG group (3872.72 + 82.14)
compared to the AD model group
(1634.47 + 53.25) (p < 0.05) (Figure 3(b,d,e)).

Western blotting

As shown in Figure 4, the levels of p-IkBa
(0.248 £+ 0.013 ws. 0.553 + 0.024), p-P38
(0.258 * 0.021 vs. 0.666 * 0.027), and caspase-1
(0.105 £ 0.084 vs. 0.506 + 0.121) were significantly
decreased in the AD+TG group (p < 0.05) com-
pared to the AD model group (Figure 4(a,c,d,g)).
However, the level of p38 in the AD+TG group
(0.673 £ 0.031) was not different from that in
the AD model group (0.692 + 0.122) (p > 0.05)
(Figure 4(b,g)).

In addition, significantly lower numbers of posi-
tive puncta for COX2 (0.156 * 0.022 wvs.
0.331 + 0.012) and iNOS (0.296 + 0.015 wvs.
0.669 + 0.137) were observed in the AD+TG
group compared to the AD model group
(p < 0.05) (Figure 4(e-f,g)).

Furthermore, significantly lower levels of
p-IkBa (0.125 + 0.014 vs. 0.443 * 0.102), p-P38
(0.138 + 0.012 vs. 0.780 + 0.114), caspase-1
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Figure 1. Testing of spatial learning and memory in the AD+TG, AD+donepezil, AD model and Normal control groups by Morris
water maze. (a) The swimming trajectory of mice in the Normal control group; (b) The swimming trajectory of mice in the AD model
group; (c) The swimming trajectory of mice in the AD+donepezil group; (d) The swimming trajectory of mice in the AD+TG group; (e)
Significant difference of escape latency in the AD+TG group than that in the AD model group was detected (** p < 0.05). (f)
Significant more frequency of crossing the target platform in AD+TG group than that in the AD model group was detected (**
p < 0.05). Data was expressed as the mean = standard error of the mean (SEM). (n = 8/group in the AD+TG group; n = 8/group in
the AD+donepezil group; n = 8/group in the AD model group; n = 8/group in the Normal control group). **' indicating significant
inter-group difference. TG: Tripterygium glycoside; AD: Alzheimer disease; NS: normal saline.
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Figure 2. The distribution of AB, p-Tau and CD11b immunolabeling across the brains in the AD+TG, AD+donepezil, AD model and
Normal control groups. (a—e): The distribution of AB immunolabeling in the AD+TG, AD+donepezil, AD model and Normal control
groups. (f-j): The distribution of p-Tau immunolabeling in the AD+TG, AD+donepezil, AD model and Normal control groups. (k—o):
The distribution of CD11b immunolabeling in the AD+TG, AD+donepezil, AD model and Normal control groups. Data was expressed
as the mean = standard error of the mean (SEM). (n = 8/group in the AD+TG group; n = 8/group in the AD+donepezil group; n = 8/
group in the AD model group; n = 8/group in the Normal control group). “**" indicating significant inter-group difference. TG:

Tripterygium glycoside; AD: Alzheimer disease; NS: normal saline.

(0.123 + 0.019 wvs. 0446 = 0.107), COX2
(0.116 + 0.011 wvs. 0.327 + 0.034), and iNOS
(0.222 + 0.015 vs. 0.821 + 0.117) were detected in
the AD cell group treated with TG than in the AD
cell group (p < 0.05). The expression level of p38
(0.746 £ 0.054 vs. 0.783 £ 0.067) in the AD cell
group was not significantly different from that in
the AD cell group treated with TG (p > 0.05)
(Figure 4(h-n)).

gRT-PCR
The relative mRNA expression levels of IL-1f
(0979 + 0.122 wvs. 2815 % 0.143), TNF-«
(2.196 + 0472 wvs. 5997 * 0.724), COX2
(2448 * 0.137 vs. 3.285 + 0.145), and iNOS
(2.113 + 0.235 vs. 3.978 + 0.346) were significantly
lower in the AD+TG group than in the AD model
group (p < 0.05) (Figure 5(a)). In addition, signif-
icantly lower expression levels of the IL-1f
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Figure 3. The results of Nissl staining. (a) Nissl staining in the Normal control group. (b) Nissl staining in the AD model group. (c)
Nissl staining in the AD+donepezil group. (d) Nissl staining in the AD+TG group. (e) The comparison of the number of pyramidal
neurons in the AD+TG, AD+donepezil, AD model and Normal control groups. Data was expressed as the mean + standard error of
the mean (SEM). (n = 8/group in the AD+TG group; n = 8/group in the AD+donepezil group; n = 8/group in the AD model group;
n = 8/group in the Normal control group). “**' indicating significant inter-group difference. TG: Tripterygium glycoside; AD: Alzheimer

disease; NS: normal saline.

(1.242 + 0.152 wvs. 3.153 + 0.161), TNF-«
(2245 + 0.134 wvs. 4321 + 0.131), COX2
(1.143 + 0.072 wvs. 3.87 = 0.103), and iNOS
(1.031 + 0.032 vs. 3.959 + 0.152) mRNAs were

observed in the AD cell group treated with TG
than in the AD cell group (p < 0.05) (Figure 5(b)).

ELISA results

As shown in Figure 6, the expression of IL-1P
(170.6 = 23.29 vs. 505.69 + 43.33) (Figure 6(a)),
TNF-a (325.07 + 55.57 wvs. 714.65 = 23.01)
(Figure 6(b)) and NO (12.22 + 2.14 ws.
2431 + 1.54) (Figure 6(c)) was significantly

lower in the AD+TG group than in the AD
model group (p < 0.05). In addition, similar
results were observed in the AD cell group
treated with TG compared to the AD cell

group  (IL-1B:  201.74 £+  25.14 s
597.10 + 39.21; TNF-a: 402.17 + 49.52 wvs.
876.33 + 24.14; NO: 11.14 + 221 s
24.34 = 1.47) (p < 0.05) (Figure 6(d-f)).
Discussion

In the present study, the effect of TG on an A5 35
-induced AD mouse model and an AD cell model
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Figure 4. The expression levels of p-P38, P38, p-IkBa, Caspasel, COX2, and iNOS proteins between groups. Quantitative
summaries of the protein levels relative to a-tubulin as an internal control, expressed as a percentage of a-tubulin optical
density (o.d.) for the groups (n = 8/group). Statistical results (Kruskal-Wallis nonparametric test with Dunn’s multiple post
hoc comparison) were shown in the bar graphs, with **" indicating significant inter-group difference. Data was expressed as
the mean = standard error of the mean (SEM)(n = 8/group). (a-g) The expression levels of p-P38, P38, p-IkBa, Caspasel,
COX2, and iNOS proteins in AD+TG, AD+donepezil, AD mice model and Normal control groups. (a) p-P38; (b) P38; (c) p-IkBa;
(d) Caspasel; (e) COX2; (f) iNOS. (g) The western blotting results of p-P38, P38, p-IkBa, Caspase1, COX2, and iNOS proteins.
(h—n) The expression levels of p-P38, P38, p-IkBa, Caspasel, COX2, and iNOS proteins in AD+TG, AD cell model and Normal
control groups. (h) p-P38; (i) P38; (j) p-IkBa; (k) Caspasel; (I) COX2; (m) iNOS. (n) The western blotting results of p-P38, P38,
p-IkBa, Caspasel, COX2, and iNOS proteins. **' indicating significant inter-group difference. TG: Tripterygium glycoside; AD:

Alzheimer disease;

NS: normal saline.
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mean + standard error of the mean (SEM)(n = 8/group). **' indicating significant inter-group difference. TG: Tripterygium
glycoside; AD: Alzheimer disease; NS: normal saline.
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Figure 6. The expression levels of IL-1B, TNF-a and release of NO between groups. A: The expression levels of IL-1B, TNF-a and
release of NO in the AD+TG, AD+donepezil, AD model and Normal control groups. (a) IL-1B; (b) TNF-q; (c) Nitrite. B: The expression
levels of IL-1B, TNF-a and release of NO in the AD+TG, AD cell model and Normal control groups. (d) IL-1B; (e) TNF-g; (f) Nitrite.Data
was expressed as the mean =+ standard error of the mean (SEM)(n = 8/group). **' indicating significant inter-group difference. TG:

Tripterygium glycoside; AD: Alzheimer disease; NS: normal saline.

was evaluated by performing behavioral and bio-
chemical analyses. The results revealed that TG
significantly improved spatial memory and learn-
ing abilities, reduced the levels of Ap,s5;5 and
p-Tau, suppressed microglial activity, and
decreased the expression of inflammatory factors,
including IL-1B, NO, iNOS, COX-2 and TNF-q,
and the phosphorylation of IkBa and p38 MAPK
in an AB,5 35-induced AD mouse model.
Neuroinflammation plays an important role in
central nervous system diseases such as AD,
Parkinson’s disease (PD), and amyotrophic lateral
sclerosis (ALS) [31-33]. Microglia are resident
immune cells in the central nervous system [34]
and have been shown to participate in innate
immunity in the brain [35]. Normally, microglia
are activated to cause infection, inflammation, and
trauma and then release many inflammatory fac-
tors and free radicals, including superoxide anion
and NO, which induce neuronal injury and apop-
tosis [36,37]. NO is an important endogenous
molecule that is normally synthesized by three
nitric oxide synthases (NOSs) [38]. iNOS is pro-
duced by macrophages and glial cells in response
to infection and inflammatory factors such as
TNF-a, IFN-y, and endotoxin and then produces
a large amount of NO [39]. High concentrations of

NO exert a cytotoxic effect through the mechan-
isms of lipid oxidation, mitochondrial damage,
activation or inhibition of signaling pathways and
DNA damage [40].

Modern pharmacological studies have sup-
ported the anti-inflammatory and antitumor
effects of TG, which is widely used in the clinical
treatment of RA and nephrotic syndrome [15,16].
TG has been reported to exert anti-inflammatory
effects [41,42]. The anti-inflammatory mechanism
of TG may mainly involve inhibiting the expres-
sion of proinflammatory factors, including NF-«B,
NO, mitogen-activated protein kinase (MAPK),
and COX-2 [43,44].

Initially, we detected that TG significantly
reduced the release of NO and the expression of
iNOS, TNF-a, COX2 and IL-1P at the mRNA and
protein levels in the brain tissues of AP,s ss-
induced AD mice. In the central nervous system,
both microglia and astrocytes express TNF-a,
which bind to TNF receptors on neurons, leading
to the accumulation of glutamate outside the cell,
and produce excitotoxicity [45]. In addition, IL-1f
was shown to stimulate the synthesis of precursor
AP and promote the accumulation of AP [46].
Moreover, both TNF-a and IL-1f induce paracrine
signaling in astrocytes and microglia, activate
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inflammatory signaling pathways, induce the gen-
eration of inflammatory mediators, cause neuroin-
flammation and the feedback loop of glial cell
activation, and thus amplify neuroinflammation
and the generation of neurotoxic molecules [47].
Therefore, inhibition of the production or func-
tion of proinflammatory factors are potentially
some of the important mechanisms to control
neurodegenerative diseases. And our results sug-
gested TG may inhibit NO release by suppressing
iNOS expression and inhibits neuroinflammation
by reducing the expression of TNF-a, COX2 and
IL-1B.

The study also found significantly decreased
levels of p-IkBa in the AD group treated with
TG compared with the AD model group. NF-xB
is a transcription regulator that is widely expressed
in eukaryotic cells [48]. Inactive NF-«xB also exists
in glial cells that function as immune cells in the
nervous system [49]. NF-kB is the convergence
point of various signaling pathways and plays
a role in regulating inflammatory responses, espe-
cially in LPS-induced microglia [50,51]. Research
has identified that NF-kB binds to the inhibitory
protein IkB in the cytoplasm in the form of an
inactive dimer that does not regulate gene tran-
scription [52]. The target genes of NF-xB, includ-
ing TNF-a, IL-6, IL-1B, and iNOS, have been
identified [53]. Phosphorylation and degradation
of IxBa are necessary for NF-kB activation [54].
Overactivation of NF-kB results in the release of
a large number of inflammatory cytokines, which
in turn aggravate the inflammatory response [55].
Thus our results may suggest that TG exerts an
anti-inflammatory effect on AD mouse models by
suppressing the phosphorylation of the IkBa
protein.

Additionally, it was also revealed in our study
that P38 MAPK phosphorylation was significantly
increased in the hippocampus of the TG+AG
group compared with the AD model group.
MAPKs are a class of serine/threonine protein
kinases that transmit extracellular signals to the
nucleus and induce cell proliferation and differen-
tiation [56]. Three subfamilies of MAPK have been
identified: p38 MAPK, c-JUN N-terminal kinases
(JNK), and extracellular regulated protein kinases
(ERK) 1/2 [57]. Under normal conditions, MAPK
is not phosphorylated in cells. Upon stimulation,

Ras, MAPKKK, MAPKK, and MAPK are sequen-
tially activated and then cause the phosphorylation
and activation of MAPK, transcription factor 2
(TF2), activator protein 1 (AP-1), and NF-«B,
which initiate the expression of related cytokines
and inflammatory mediators [58]. Among the
three subfamilies of MAPK, p38 MAPK was iden-
tified as the kinase most related to the inflamma-
tory response. The phosphorylation of p38 MAPK
and the expression of TNF-qa, IL-1B and iNOS are
significantly increased in response to LPS [59].
Furthermore, the production of inflammatory
mediators is reduced after p38 MAPK is inhibited
[60]. Dan et al [61]. and Gan et al [62]. reported
that lycopene or glaucocalyxin B significantly inhi-
bits the LPS-induced phosphorylation or activa-
tion of ERK1/2 and p38 MAPK, with the total
protein levels of MAPK remaining unchanged,
indicating that lycopene or glaucocalyxin
B blocks the activation but not the biosynthesis
of MAPKs. According to our results, P38 MAPK
phosphorylation was significantly increased in the
hippocampus of the TG+AG group compared with
the AD model group, but total p38 expression was
not significantly changed, consistent with previous
reports.

Furthermore, this study discovered that the
expression level of caspase-1 in the AD+TG
group was at significantly lower levels than
the AD model group. As a member of the
Caspase family, Caspase-1 has been reported to
play important roles in regulating cell death and
inflammatory reactions [63]. In recent years,
Caspase-1 has been shown to play an important
role in bacterial meningitis, traumatic brain injury
and neurological disorders [64]. Activated caspase-
1 cleaves IL-1 and IL-18 precursors, participates in
inflammatory reactions, and leads to cell injury
and even death. Inhibition of caspase-1 activation
reduces the release of inflammatory factors and
exerts a neuroprotective effect [65]. Thus our
results may suggest that TG exerts a protective
effect on AD by inhibiting the expression of cas-
pase-1 and reducing neuronal damage.

Notably, many reports have documented TG-
induced liver injury in animal models. For exam-
ple, at a dose of 15 mg/kg, TG increases the serum
levels of alanine transaminase (ALT) and aspartate
aminotransferase (AST), hepatic steatosis and



hepatocyte necrosis in rats [66]. At a dose of
54.6 mg/kg, TG increases serum ALT and AST
levels, edema of liver cells and infiltration of
inflammatory cells, and decreases prostaglandin 2
(PGE2), IL-2 and TNF-a levels in inflammatory
model mice [67]. The liver toxicity of TG is mainly
caused by lipid peroxidation reactions, excessive
apoptosis of liver cells, immune injury, changes
in liver enzyme activity and abnormal metabolism
of fat and glucose [68,69]. However, the manifes-
tations of liver toxicity of TG were similar to those
of acute hepatitis, and the incidence of liver injury
was not significantly different in groups stratified
by sex and age and was closely related to the time
and dose. In the present study, we used TG at
a dose of 25 mg/kg and found that TG exerted
a significant anti-inflammatory effect on the brain
of an AD mouse model. The dose of TG is toler-
ated by mice. In addition, the detoxification effect
of Lysimachia christinae Hance [70], Cynanchum
otophyllum Schneid [71], and Tribulus terrestris
L [72]. on the liver toxicity of TG has widely
reported. Thus, the effective dose of TG and the
compatibility with traditional Chinese medicine
for detoxification must be investigated in the
future.

Although we have investigated the effects of TG on
the release of inflammatory factors and its molecular
mechanism in AD mouse models and AD cell models,
the precise molecular mechanism should be con-
firmed in cell-based experiments. The effective dose
of TG and the compatibility with traditional Chinese
medicine for detoxification must be investigated in the
future.

Conclusions

TG exerts anti-inflammatory and neuroprotective
effects by suppressing the activity of microglia,
reducing neuronal apoptosis and death, and inhi-
biting the production of Ap,s3s, p-Tau, IL-1p,
NO, iNOS, COX-2 and TNF-a and the phosphor-
ylation of IkBa and p38 MAPK in mouse models
of AP,s.35-induced AD.
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