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Tetrandrine ameliorates sevoflurane-induced
cognitive impairment via the suppression of
inflammation and apoptosis in aged rats
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Abstract. Tetrandrine is a bisbenzylisoquinoline alkaloid
extracted from Stephania tetrandra, a traditional Chinese
herbal medicine, which has been observed to exert anti-inflam-
matory effects. The aim of the current study was to investigate
whether tetrandrine was able to ameliorate sevoflurane-induced
cognitive impairment in aged rats. Male 20-month-old
Sprague-Dawley rats underwent sevoflurane-induction in an
environment containing 2% sevoflurane for 5 h. The Morris
water maze test was used to measure the effect of tetran-
drine on learning and memory in sevoflurane-treated aged
rats. Western blot analysis of the protein expression levels of
cyclooxygenase-2 (COX-2), inducible nitric oxide synthase
(iNOS) and Bcl-2 was conducted. ELISAs were used to
measure the levels of interleukin (IL)-1p, tumor necrosis
factor (TNF-a), nuclear factor-xB (NF-«kB) and caspase-3.
In the present study, tetrandrine improved the learning and
memory deficits observed in sevoflurane-treated aged rats.
Treatment with tetrandrine reduced the expression levels
of COX-2, IL-1pB, TNF-a, NF-«kB, iNOS and caspase-3, and
increased the Bcl-2 protein expression in sevoflurane-treated
aged rats. In conclusion, the current study indicated that
tetrandrine ameliorates sevoflurane-induced cognitive
impairment via the suppression of inflammation and apop-
tosis in aged rats. Thus, tetrandrine may be a potential novel
candidate to protect against the effects of sevoflurane anes-
thesia on cognitive function.
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Introduction

Central nervous system complications occurring following
general anesthesia are receiving increased research focus.
Post-operative cognitive dysfunction (POCD) occurs within
a few days of anesthesia and affects cognitive ability, memory
and sleep in a reversible manner (1). Sevoflurane is an inhaled
anesthetic with rapid induction, and minimal effects on the
respiratory tract, circulation and metabolic rate (2,3). In
elderly patients, with brain oxygen metabolism imbalance
related to postoperative cognitive dysfunction; Sevoflurane
anesthesia in one-lung ventilation can cause cerebral oxygen
metabolism abnormalities, one-lung ventilation after anes-
thesia in elderly patients with cognitive function is ignored (4).
In the pathogenesis of POCD, inflammatory reactions and
neuronal apoptosis are suggested to serve important roles (5).
Previous studies have indicated that inflammatory reactions
in POCD occur as a result of apoptotic injury (6,7).

Tetrandrine is a bisbenzylisoquinoline alkaloid extracted
from Stephania tetrandra, a traditional Chinese herbal
medicine, and has been used for diseases including hyper-
tension, arrhythmia and pulmonary fibrosis (8). In recent
years, a study indicated that tetrandrine is able to inhibit the
growth of a variety of tumor cells, and as a result research
has focused on its potential use as an anticancer drug (9).
However, it remains to be elucidated whether tetrandrine is
able to affect sevoflurane-induced cognitive impairment in
aged rats. In the current study, the effect of tetrandrine on
sevoflurane-induced cognitive impairment was investigated
in aged rats and the potential mechanisms explored.

Materials and methods

Animals and surgery. Male 20-month-old Sprague-Dawley
rats were obtained from Shandong Hongli Medical Animal
Experiment Research Co., Ltd. (Shandong, China) and used
in the present study, and were acclimated in the animal care
facility for 1 week prior to the study. All rats were maintained
in a 12:12 h light-dark cycle with a constant room temperature
(23+1°C) and allowed continuous access to food and water.
The experimental protocol was approved by the Animal Ethics
Committee of Zaozhuang Municipal Hospital (Shandong,
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China). Rats were anesthetized in an environment containing
2% sevoflurane (Sigma-Aldrich, St. Louis, MO, USA) for 5 h.
The total gas flow was 1.5 1/min, using 70% O, as a carrier. The
oxygen and anesthetic agent fractions were measured using a
gas analysis system (TH-890B; Wuhan Tianhong Instruments
Co., Ltd., Wuhan, China).

Experimental groups. A total of 32 rats were randomly divided
into four groups with 8 animals in each group: i) Control
group (Con), normal rats injected with saline (0.1 ml/100 g
intraperitoneally, i.p.); ii) Control-tetrandrine group (C-Tet),
normal rats received tetrandrine (30 mg/kg body weight,
i.p., every 3 days; Sigma-Aldrich) for 4 consecutive weeks;
iii) Sevoflurane group (Seo), sevoflurane-induced rats were
anesthetized in an environment containing 2% sevoflu-
rane for 5 h, and received saline (0.1 ml/100 g, i.p.); iv)
Sevoflurane-tetrandrine group (S-Tet), sevoflurane-induced
rats were anesthetized in an environment containing
2% sevoflurane for 5 h, and received tetrandrine (30 mg/kg
body weight, i.p., every 3 days) for 4 consecutive weeks.
The structure of tetrandrine (purity, >99%) is presented in
Fig. 1.

Morris water maze (MWM). Following treatment with tetran-
drine, the spatial memory ability of rats was investigated
using the MWM test. A circular, black painted pool (180 cm
diameter, 50 cm deep) was filled with water containing black
non-toxic ink (temperature at 25+1°C) to a depth of 30 cm.
A hidden platform (10 cm diameter) was submerged 1 cm
below the water line and placed in the center of the northeast
quadrant, which was determined with four starting locations
called north (N), east (E), south (S) and west (W) at equal
distance around the rim. The rats were tested 4 times/day
over 4 consecutive days. The time taken to escape to the
hidden platform was recorded as escape latency. Mean path
length was measured as the mean distance of movement for
each rat. Time spent in the target quadrant was recorded
using a stopwatch. In turn, each rat was placed in a random
starting position, facing the pool wall and allowed to swim
and self-discover the hidden platform. Once the rat arrived
at the platform, it was allowed to stay on it for 30 sec. On
the 5th day, the hidden platform was removed, and each rat
was allowed to swim freely for 60 sec. The number of times
the rat crossed the platform was recorded within 60 sec and
swimming speed was calculated as the distance x number of
times crossing platform (n)/60 sec.

Western blot analysis. Following treatment with tetran-
drine, the rats were anesthetized with 2% sevoflurane
(Sigma-Aldrich) and were sacrificed by spinal dislocation,
and the brain tissue was obtained. The brain tissue was
homogenized in radioimmunoprecipitation assay lysis buffer
(Sangon Biotech Co.,Ltd., Shanghai, China) containing 1 mM
ethylenediaminetetraacetic acid, 50 mM Tris-HCI, 150 mM
NaCl, 0.1% sodium dodecyl sulfate (SDS; Nanjing Sunshine
Biotechnology Co., Ltd., Nanjing, China), 0.25% sodium
deoxycholate (Nanjing Sunshine Biotechnology Co., Ltd.),
1% NP-40 (Nanjing Sunshine Biotechnology Co., Ltd.),
a protease inhibitor cocktail and phosphatase inhibitors
(both Sangon Biotech Co., Ltd.). Following homogenization
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Figure 1. Chemical structure of tetrandrine.

(12,000 x g, 4°C, 10 min), the clear upper supernatants were
collected, and the total protein measured using a bicin-
choninic acid (BCA) protein assay (Beyotime Institute of
Biotechnology, Shanghai, China). Equal amounts of proteins
were loaded onto a 10% SDS-PAGE gel (Nanjing Jiancheng
Bioengineering Institute, Nanjing, China) for electrophoresis
and then transferred onto nitrocellulose membranes (EMD
Millipore, Billerica, MA, USA). Membranes were blocked
with 5% (w/v) skimmed milk in 0.1% (v/v) Tween 20 (Nanjing
Jiancheng Bioengineering Institute) in phosphate-buffered
saline (PBST) for 2 h. The membranes were then incubated
with rabbit polyclonal anti-cyclooxygenase-2 (COX-2;
1:1,000; cat. no. D151772; Sangon Biotech Co., Ltd.), mouse
monoclonal anti-inducible nitric oxide synthase (iNOS;
1:1,000; cat. no. sc-5302; Santa Cruz Biotechnology, Inc.,
Dallas, TX, USA), mouse monoclonal anti-Bcl-2 (1:500;
cat. no. sc-509; Santa Cruz Biotechnology, Inc.) and rabbit
polyclonal anti-B-actin (1:5,000; cat. no. D110007; Sangon
Biotech Co., Ltd.) antibodies overnight at 4°C with agitation.
Antibody recognition was detected using anti-rabbit and
anti-mouse antibody (1:500 and 1:5,000 in PBS containing
1% normal goat serum, respectively; cat. nos. sc-2491 and
sc-358922, respectively; Santa Cruz Biotechnology, Inc.).
Antibody-bound proteins were detected using an enhanced
chemiluminescence western blotting analysis system (Vector
Laboratories, Inc., Burlingame, CA, USA).

Enzyme-linked immunosorbent assays (ELISA). Following
treatment with tetrandrine, the brain tissue was homogenized
in radioimmunoprecipitation assay lysis buffer. The homog-
enate was centrifuged at 12,000 x g for 15 min at 4°C. The
clear upper supernatants were collected for analysis of inter-
leukin (IL)-1P, tumor necrosis factor-a (TNF-a) and nuclear
factor-kB (NF-kB) activities according to the manufacturer's
instructions (Nanjing KeyGen Biotech Co., Ltd., Nanjing,
China).

Measurement of caspase-3 activity. Following treatment with
tetrandrine, the brain tissue was homogenized in radioimmuno-
precipitation assay lysis buffer. The homogenate was centrifuged
at 12,000 x g for 15 min at 4°C, and the clear upper supernatants
collected and the total protein content was measured using a
BCA protein assay (Beyotime Institute of Biotechnology). Equal
amounts of protein were added to the reaction buffer containing
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Ac-DEVD-pNA (2 mM; Beyotime Institute of Biotechnology)
and incubated at 37°C for 6 h. Caspase-3 activation was
measured using a Microplate reader (EMR500; Labomed, Inc.,
Los Angeles, CA, USA) at an absorbance of 405 nm.

Statistical analysis. Data are presented as the mean + stan-
dard deviation of three independent experiments. Differences
between groups were investigated using SPSS software,
version 19.0 (IBM SPSS, Armonk, NY, USA) and a
one-way analysis of variance followed by Dunnett's test.
P<0.05 was considered to indicate a statistically significant
difference.

Results

Tetrandrine improves learning and memory deficits in
sevoflurane-treated aged rats. In order to investigate the effects
of tetrandrine on learning and memory in sevoflurane-treated
aged rats, learning and memory were measured using MWM
tests. Fig. 2A shows that the escape latency was increased
following treatment with sevoflurane, compared with the control
group. However, treatment with tetrandrine reduced the escape
latency in sevoflurane-treated aged rats (Fig. 2A). In addition,
in the sevoflurane group, the mean path length was increased
compared with the control group (Fig. 2B). Pretreatment with
tetrandrine significantly reduced the mean path length in
sevoflurane-treated aged rats (P<0.01; Fig. 2B).

As presented in Fig. 2C and D, sevoflurane significantly
reduced the time the rats spent in the target quadrant and
the number of times the rats crossed the platform location,
compared with the control group. Notably, treatment with
tetrandrine improved these alterations in sevoflurane-treated
rats (Fig. 2C and D). However, no significant alterations in
swimming speed were observed in any of the groups (Fig. 2E).
Therefore, tetrandrine at 30 mg/kg was observed to provide
protection against sevoflurane-induced cognitive impairment in
rats.

Tetrandrine reduces COX-2 expression in sevoflurane-treated
aged rats. In order to investigate the protective effect of tetran-
dine in sevoflurane-treated aged rats, the expression levels of
COX-2 were measured using western blot analysis. Western blot-
ting indicated that COX-2 protein expression was upregulated
following sevoflurane treatment (Fig. 3A and B). Co-treatment
of rats with tetrandrine significantly reduced COX-2 protein
expression (P<0.01; Fig. 3A and B).

Tetrandrine reduces the levels of IL-18 and TNF-a in
sevoflurane-treated aged rats. To investigate the protective
effects of tetrandrine on inflammation in sevoflurane-treated
aged rats, the expression levels of IL-1 and TNF-a were
measured. This indicated an increase in IL-1f and TNF-a
production in the sevoflurane-treated aged rats compared
with the control group (Fig. 4A and B). Compared with the
sevoflurane group rats, the levels of IL-1f and TNF-a were
significantly reduced in the sevoflurane-tetrandrine group
(P<0.01; Fig. 4A and B).

Tetrandrine reduces NF-kB in sevoflurane-treated aged rats.
To further investigate the protective effects of tetrandrine on
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Figure 2. Tetrandrine ameliorates learning and memory deficits in sevo-
flurane-induced aged rats. Effect of tetrandrine on (A) the escape latency,
(B) mean path length, (C) mean percentage of time spent in the target
quadrant, (D) the number of times of crossing the platform and (E) swim-
ming speed in sevoflurane-treated aged rats. Values are presented as the
mean + standard deviation. ""P<0.01 vs. the Con group; #P<0.01 vs. the
Seo group. Con, Control group; C-Tet, Control-tetrandrine group; Seo,

Sevoflurane group; S-Tet, Sevoflurane-tetrandrine group.

inflammation in sevoflurane-treated aged rats, the activity of
NF-kB was measured. As presented in Fig. 5, the activity
of NF-kB was increased by sevoflurane compared with
the control. However, tetrandrine significantly reduced the
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Figure 3. Tetrandrine reduces COX-2 expression level in sevoflurane-treated
aged rats. (A) Western blot images and (B) quantification indicating that
tetrandrine reduces COX-2 protein expression. Values are presented as the
mean + standard deviation. “P<0.01 vs. the Con group; #P<0.01 vs. the Seo
group. COX-2, cyclooxygenase 2; Con, Control group; Seo, Sevoflurane
group; C-Tet, Control-tetrandrine group; S-Tet, Sevoflurane-tetrandrine
group.

activity of NF-«xB in sevoflurane-treated aged rats (P<0.01;
Fig. 5).

Tetrandrine reduces iNOS expression levels in
sevoflurane-treated aged rats. To further investigate the
protective effects of tetrandrine on sevoflurane-treated aged
rats, iNOS protein expression was measured by western blot
analysis. The protein expression of iNOS was increased
in the sevoflurane group compared with the control group
(Fig. 6A and B). Following tetrandrine treatment, iNOS protein
expression was significantly reduced in the sevoflurane-treated
aged rats (P<0.01; Fig. 6A and B).

Tetrandrine reduces caspase-3 activity in sevoflurane-treated
aged rats. To investigate whether alterations in apoptosis may
serve a role in the protective effects of tetrandrine on sevoflu-
rane-treated aged rats, the activity of caspase-3 was measured.
As presented in Fig. 7, sevoflurane significantly increased
the activity of caspase-3 compared with the control group.
However, treatment with tetrandrine significantly reduced the
increase in caspase-3 activity in sevoflurane-treated aged rats
(P<0.01; Fig. 7).

Tetrandrine reduces Bcl-2 expression levels in
sevoflurane-treated aged rats. To further investigate the
protective effects of tetrandrine on apoptosis in sevoflu-
rane-treated aged rats, Bcl-2 protein expression was measured
using western blot analysis. As presented in Fig. 8A and B,
sevoflurane reduced the expression levels of Bcl-2, compared
with the control group. However, tetrandrine resulted in an
increase in the expression levels of Bcl-2 in sevoflurane-treated
aged rats (P<0.01; Fig. 8A and B).

Discussion
POCD is a common complication in elderly patients following

surgery, and presents clinically as cognitive dysfunction,
memory impairment, personality alterations and problems with
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Figure 4. Tetrandrine reduces the levels of (A) IL-1f3 and (B) TNF-a in
sevoflurane-treated aged rats. Values are presented as the mean + stan-
dard deviation. “P<0.01 vs. the Con group; "P<0.01 vs. the Seo group.
IL-1p, interleukin-1f; TNF-a; tumor necrosis factor-a; Con, Control
group; Seo, Sevoflurane group; C-Tet, Control-tetrandrine group; S-Tet,

Sevoflurane-tetrandrine group.
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Figure 5. Tetrandrine reduces NF-kB in sevoflurane-treated aged rats.
Values are presented as the mean + standard deviation. “P<0.01 vs. the Con
group; "P<0.01 vs. the Seo group. NF-«xB, nuclear factor-kB; Con, Control
group; Seo, Sevoflurane group; C-Tet, Control-tetrandrine group; S-Tet,
Sevoflurane-tetrandrine group.

social integration (10). POCD is associated with anesthesia.
Anesthesia results in central nervous system dysfunction,
via alterations in acetylcholine, dopamine and catechol-
amines (11). Sevoflurane is an inhaled anesthetic which results
in quick induction of anesthesia and has been widely used
clinically. However, studies have indicated that sevoflurane
anesthesia may lead to POCD in elderly patients (12,13).
Tetrandrine is a bisbenzylisoquinoline alkaloid extracted from
Stephania tetrandra, a traditional Chinese herbal medicine,
and has been demonstrated to posses anti-inflammatory,
analgesic and antihypertensive effects, and to block calcium
channels (14-17). In the current study, tetrandrine was demon-
strated to improve the learning and memory deficits observed
in sevoflurane-treated aged rats. Chen et al (18) reported
that tetrandrine was able to ameliorate cognitive impairment
in a rat model of chronic cerebral hypoperfusion. In addi-
tion, He ef al (19) demonstrated that tetrandrine attenuated
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Figure 6. Tetrandrine reduces iNOS in sevoflurane-induced aged rats.
(A) Western blotting images and (B) quantification of iNOS protein
expression levels in sevoflurane-induced aged rats. Values are presented
as the mean * standard deviation. “P<0.01 vs. the Con group; "P<0.01
vs. the Seo group. iNOS, inducible nitric oxide synthase; Con, Control
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Figure 7. Tetrandrine reduces caspase-3 in sevoflurane-induced aged rats.
Values are presented as the mean + standard deviation. “"P<0.01 vs. the Con
group; "P<0.01 vs. the Seo group. Con, Control group; Seo, Sevoflurane
group; C-Tet, Control-tetrandrine group; S-Tet, Sevoflurane-tetrandrine

group.

spatial memory impairments in a rat model of Alzheimer's
disease (19). Thus, tetrandrine may represent a potential
candidate for the treatment of sevoflurane-induced cognitive
impairment.

Inflammatory reactions, the activation of COX-2, and
increased prostaglandin levels are closely associated processes
in dentate gyrus granular cells, hippocampal pyramidal
neurons, the pear-shaped zone, the new shallow cortex cell
layer, the lower part of the striatum, and the thalamus of POCD
rats (20-22). A previous study indicated that COX-2-dependent
mechanisms may serve a role in POCD (20). In the present
study, tetrandrine reduced COX-2 protein expression in
sevoflurane-treated aged rats. In support of this, Wu ez al (23)
reported that tetrandrine treatment reduced COX-2 expres-
sion in human monocytic cells. Kang ez al (24) indicated that
tetrandrine suppressed the production of pro-inflammatory
mediators via the suppression of COX-2 expression in stimu-
lated mast cells (24). However, the effect of various doses of
tetrandrine on sevoflurane-induced COX-2 expression requires
further investigation.

POCD is a common complication in elderly patients
following surgery. The mechanism of POCD is not fully
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understood, however a previous study suggests that inflam-
mation within the central nervous system may serve an
important role (25). Peripheral inflammation is able to result
in inflammatory responses in the central nervous system via
a variety of mechanisms, leading to neuronal dysfunction,
inhibition of neuronal regeneration and the induction of apop-
tosis, ultimately resulting in reduced cognitive function (26).
In addition, the present study demonstrated that tetrandrine
is able to reduce the levels of IL-1p, TNF-a and NF-xB in
sevoflurane-treated aged rats. A study by Lin et al (27)
indicated that tetrandrine suppressed LPS-induced astrocyte
activation via inhibition of IL-1f3, TNF-a and NF-kB signaling.
In addition, Zhang et al (28) reported that administration of
tetrandrine significantly reduced IL-13, TNF-a and NF-xB
levels in a mouse model of ulcerative colitis.

Nitric oxide (NO) is a gas with a short half-life, which is
able to affect the body in a variety of pathological processes.
Within the central nervous system, NO serves a dual function
of neuronal protection and neurotoxicity. The present study
indicated that the levels of iNOS increased significantly in
sevoflurane-induced rats, suggesting the production of NO
may be associated with POCD (29). In addition, it has previ-
ously been indicated that apoptosis occurring following POCD
is associated with increased production of NO (30). A previous
study demonstrated that using a selective iNOS inhibitor
resulted in the reduction in the expression of caspase-3 (31).
Therefore, the expression of iNOS may induce cell apoptosis,
which is important in POCD (32). Notably, the current study
observed that treatment with tetrandrine inhibited the increase
in the levels of iNOS in the sevoflurane-treated aged rats.
Previous studies have suggested that tetrandrine inhibits the
activation of mesangial cells through a reduction in the expres-
sion of iNOS (33). Wang et al (34) reported that tetrandrine
treatment reduced the production of iNOS and COX-2 expres-
sion in vitro and in vivo.

Bcl-2, Bax and caspase 3 are important apoptosis-related
proteins in the hippocampus, which are associated with
POCD. In the Bcl-2 family of proteins, Bcl-2 is an important
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anti-apoptotic protein whilst Bax promotes apoptosis (35).
Bcl-2 is predominantly localized to the nuclear membrane,
endoplasmic reticulum and the mitochondrial membrane.
Under normal physiological conditions, Bax is located in the
cytoplasm, however, following apoptotic stimuli it undergoes
conformational alterations and becomes associated with the
mitochondrial membrane. Bcl-2 functions as an anti-apoptotic
protein by binding to Bax and preventing this process from
occurring (30). Caspase-3 is a key executioner of apoptosis and
its activation serves an important role in triggering downstream
apoptotic processes (36). The current study indicates that
tetrandrine reduced the increase in caspase-3 activity observed
in sevoflurane-treated rats. In addition, tetrandrine-treated sevo-
flurane-induced rats were observed to have increased expression
levels of Bcl-2 compared with untreated sevoflurane-treated
rats. In support of this, Gong ef al (37) indicated that tetran-
drine attenuated lipopolysaccharide-induced fulminant hepatic
failure through a reduction in the levels of caspase-3.

In conclusion, the current study indicates that tetran-
drine is able to ameliorate sevoflurane-induced cognitive
impairment via the suppression of inflammation and apop-
tosis. This suggests that tetrandrine may be a potential
candidate treatment to ameliorate cognitive impairment
and alleviate neurodegeneration in sevoflurane-treated
elderly patients. Further in vivo or in vitro studies are
required to investigate the effects of tetrandrine on cogni-
tive function following sevoflurane exposure, and whether
there is an effect upon the interaction between neurons
and microglia following treatment with tetrandrine.
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