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Abstract. Tetrahydropalmatine exerts numerous pharmaco-
logical activities, including analgesic and narcotic effects; 
anti‑arrhythmic, blood pressure lowering and cardioprotective 
effects; protective effects against cerebral ischemia‑reperfu-
sion injury; inhibition of platelet aggregation; prevention of 
ulcerative diseases and inhibition of gastric acid secretion; 
antitumor effects; and beneficial effects on the withdrawal 
symptoms associated with drug addiction. The present study 
aimed to investigate the protective effects of tetrahydro-
palmatine against ketamine‑induced learning and memory 
impairment in mice. The Morris water maze test and open 
field test were used to analyzed learning and memory impair-
ment in mice. ELISA kits and western blotting were used to 
analyze oxidative stress, inflammation factors, caspease‑3 and 
caspase‑9, iNOS, glial fibrillary acidic protein (GFAP), glial 
cell‑derived neurotrophic factor (GDNF), cytochrome c and 
phospholipase C (PLC)‑γ1 protein expression. The results 
demonstrated that tetrahydropalmatine treatment significantly 
decreased escape latency in the learning phase and increased 
the number of platform site crossings in ketamine‑induced 
mice. In addition, tetrahydropalmatine significantly 
inhibited oxidative stress, inflammation and acetylcho-
linesterase activity, and decreased acetylcholine levels in 
ketamine‑induced mice. Tetrahydropalmatine also suppressed 
iNOS protein expression, weakened caspase‑3 and caspase‑9 
activation, inhibited nuclear factor‑κB, glial fibrillary acidic 

protein, cytochrome c and phospholipase C‑γ1 protein expres-
sion, and induced glial cell‑derived neurotrophic factor protein 
expression in ketamine‑induced mice. Taken together, these 
results indicated that tetrahydropalmatine may protect against 
ketamine‑induced learning and memory impairment in mice 
via antioxidative, anti‑inflammatory and anti‑apoptotic mech-
anisms. The present study provided an experimental basis for 
the clinical application of tetrahydropalmatine to reduce the 
severe side effects associated with ketamine therapy in future 
studies.

Introduction

With the rapid development of medical technology, the 
complexity of pediatric surgery has increased, as has the use 
of general anesthesia (1). It is well known in pediatric surgery 
that inhaled or intravenously administered general anesthesia 
results in the inhibition of synaptic transmission in the brain, 
thus resulting in a temporary loss of consciousness, which is 
reversible. Subsequently, the anesthetic is excreted from the 
body by rapid metabolism or in its original form, without 
resulting in long‑term damage to the developing brain; there-
fore, if there are no factors leading to cerebral hypoxia during 
anesthesia, the intellectual development of infants and young 
children administered anesthesia will not be affected (1,2). 
However, recent research has indicated that the effects of anes-
thesia on central nervous system development is not as simple 
as originally presumed, and the administration of general 
anesthesia during the peak of nervous system development can 
induce long‑term neurobehavioral alterations and cognitive 
function defects (3).

Ketamine (chemical formula, C13H16ClNO), which is a 
white crystalline powder at room temperature, is a similar 
compound to phenylcyclidine and is a non‑competitive 
antagonist of the N‑methyl‑D‑aspartate (NMDA) receptor (3). 
Ketamine can selectively act on the neural pathway, and can 
block the pain pathway, thus resulting in improved analgesia; 
therefore, ketamine is often used as an anesthetic in minor 
surgery, pediatric examination or diagnostic procedures. In 
addition, ketamine inhibits the functional activities of the new 
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cortical in relation to the hypothalamus, stimulates the reward 
pathways of the limbic system, and has the potential to induce 
psychological dependence (3). Ketamine initiates the genera-
tion of strong euphoria, and continuous use for recreational 
purposes can seriously damage the cognitive function of the 
nervous system and mental health (4).

At present, although it has been confirmed by numerous 
studies that chronic exposure to ketamine leads to persistent 
cognitive impairment, such as in learning and memory, there 
are relatively few studies regarding potential therapeutic 
intervention, as the precise biological mechanism underlying 
chronic ketamine‑induced cognitive impairment remains 
unclear (5,6).

Traditional Chinese medicines, including Corydalis Tuber, 
are believed to possess numerous functions, including activating 
blood circulation, dissipating stasis and regulating Qi. In addition, 
traditional Chinese medicines may prevent platelet aggrega-
tion, dilate small blood vessels and improve microcirculation; 
these compounds are widely used to clinically treat ischemic 
cerebrovascular disease (7). Tetrahydropalmatine (Fig. 1) is 
widely present in numerous plants and plant extracts, such as the 
following: Yuan Hu, Stephania, Hierophis viridiflavus, yellow 
vine and Decumbent Corydalis Tuber. Tetrahydropalmatine is 
also known as Rotundine (8). Tetrahydropalmatine is an alka-
loid that can be extracted from the Corydalis genus from the 
Papaveraceae plant family. According to previous studies, tetra-
hydropalmatine possesses numerous pharmacological activities, 
including analgesic, anti‑cerebral ischemia, anti‑arrhythmic and 
anti‑ischemic effects; therefore, tetrahydropalmatine is used as 
a sedative, analgesic, and tranquilizer in clinical practice (8,9). 
The present study aimed to investigate whether tetrahydropal-
matine protects against ketamine‑induced learning and memory 
impairment in mice.

Materials and methods

Animals and drug administration. Male C57BL/6 mice (age, 
6‑8 weeks; weight, 20±2 g) were purchased from Experimental 
Animal Center of Shandong University, and housed under 
the following conditions: 23±2˚C, 50±5% humidity, under 
a 12‑h light/dark cycle, and were given ad libitum access to 
standard chow and water. A total of 38 mice were divided into 
five groups (n=6‑8/group): Control group (n=6/group), model 
group (n=8/group), and 20, 40 and 80 mg/kg tetrahydropal-
matine groups (n=8/group). In model or 20, 40 and 80 mg/kg 
tetrahydropalmatine groups, mice were intraperitoneally (i.p.) 
injected with 80 mg/kg of ketamine. Then, 20, 40 and 80 mg/kg 
tetrahydropalmatine groups were i.p. injected at 10 ml/kg body 
weight for 1 week. In control group, mice were i.p. injected 
with normal saline. The present study was approved by the 
Animal Administration Committee of Shandong Tumor 
Combat Research Institute (Jinan, China) and were performed 
according to the Guidelines for the Care and Use of Laboratory 
Animals published by the National Institutes of Health (10).

Morris water maze test and open field test. After 1 week 
of treatment with tetrahydropalmatine, mice underwent a 
spatial learning test. A Morris water maze (120‑cm diameter; 
Shenzhen Rui Wode Life Technology Co., Ltd., Shenzhen, 
China) was placed at 60 cm depth; water temperature was 

maintained at 21‑23˚C. A cylindrical platform (14‑cm diameter) 
was placed into the maze (1‑1.5 cm below the water surface) 
35 cm from the pool wall. Mice were allowed to remain for 
90 sec and the time to find the target recorded. The water maze 
test was observed for 5 days. At the end of training, the pool 
was cleaned to eliminate olfactory cues. For the open field test, 
an open field (36x36 cm) was created as follows: An area of 
tiled floor with high plywood planks (40 cm) was divided into 
25 equal squares during the open field test. Mice were placed 
in the center of the open field and the path length of every mice 
was recorded for 1 min.

Biochemical analysis of brain tissue. Following treatment with 
tetrahydropalmatine, mice were sacrificed using 35 mg/kg 
pentobarbital sodium and the hippocampus was dissected from 
each mouse onto an ice‑cold plate. Proteins were extracted 
from the hippocampal samples using an RIPA assay (Beyotime 
Institute of Biotechnology, Haimen, China) and were used to 
measure glutathione (GSH)‑peroxidase (GSH‑PX; A005), 
GSH (A006‑2), superoxide dismutase (SOD; A001‑1‑1), malo-
ndialdehyde (MDA; A003‑1), tumor necrosis factor (TNF)‑α 
(H052), interleukin (IL)‑1β (H002), IL‑6 (H007) and acetyl-
choline (ACh; A105‑1) levels, as well as acetylcholinesterase 
(AChE; A024), caspase‑3 (G015) and caspase‑9 activity (G018) 
using commercially available ELISA kits (Nanjing Jiancheng 
Bioengineering Research Institute, Nanjing, China) according 
to the manufacturer's protocols. The absorbance was then 
measured using an Infinite M200 PRO plate reader (Tecan 
Group Ltd., Männedorf, Switzerland) at 450 or 405 nm.

Western blotting. The hippocampus was dissected from each 
mouse onto an ice‑cold plate. Proteins were extracted from 
the hippocampal samples using an extraction kit (Beyotime 
Institute of Biotechnology) and protein concentration was deter-
mined using BCA assay (Beyotime Institute of Biotechnology) 
and an ultraviolet spectrophotometer (UV‑1601; Shimadzu 
Corporation, Kyoto, Japan). Subsequently, 50 µg total protein 
was size‑fractionated by 10% SDS‑PAGE and was immunob-
lotted onto polyvinylidene fluoride membranes. The membranes 
were blocked with 5% non‑fat milk in TBST for 1 h at 37˚C and 
then incubated with antibodies against iNOS (13120; 1:2,000), 
GFAP (12389; 1:2,000), GDNF (3897, 1:2,000), cytochrome c 
(11940; 1:2,000), PLC‑γ1 (5690; 1:2,000) and GAPDH (5174; 
1:1,000; all from Cell Signaling Technology, Inc., Danvers, 
MA, USA) at 4˚C overnight. After washing with Tris‑buffered 
saline containing 0.01% Tween‑20, the membranes were incu-
bated with biotinylated goat anti‑rabbit IgG‑HRP secondary 
antibody (sc‑2030; 1:5,000; Santa Cruz Biotechnology, Inc., 
Dallas, TX, USA) for 1 h at 37˚C, and were visualized using an 
enhanced chemiluminescence kit (Amersham; GE Healthcare 
Life Sciences, Little Chalfont, UK) and analyzed using 
Image‑ProPlus software version 6.0 (Media Cybernetics, Inc., 
Rockville, MD, USA).

Statistical analysis. Data are presented as the mean ± standard 
error of the mean (n=3) using SPSS version 17.0 (SPSS, Inc., 
Chicago, IL, USA) and were analyzed using two‑way analysis 
of variance and Tukey's post hoc test with repeated measures. 
P<0.05 was considered to indicate a statistically significant 
difference.
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Results

Protective ef fects of tetrahydropalmatine against 
ketamine‑induced learning and memory impairment in 
mice. Mice treated with ketamine exhibited increased 
escape latency and mean path length compared with the 
control mice (Fig. 2A and B). In addition, ketamine inhibited 
the percentage of time spent in the target quadrant and the 
number of times crossing the platform compared with the 
control mice (Fig. 2C and D). Conversely, tetrahydropalma-
tine (80 mg/kg) effectively inhibited the ketamine‑induced 
increase in escape latency and mean path length, and reversed 
the ketamine‑induced decrease in the percentage of time spent 
in the target quadrant and the number of times crossing the 
platform (Fig. 2A‑D).

Protective ef fects of tetrahydropalmatine against 
ketamine‑induced oxidative stress. To determine the effects of 
tetrahydropalmatine on ketamine‑induced oxidative stress in 
mice, GSH‑PX, GSH, SOD and MDA activities were measured 
using ELISA kits. The results demonstrated that there was 
a significant decrease in GSH‑PX, GSH and SOD activities, 
and an increase in MDA content, in ketamine‑induced mice 
compared with in the control mice (Fig. 3). However, treatment 
with tetrahydropalmatine significantly increased GSH‑PX, 
GSH and SOD activities, and inhibited MDA activity, in 
ketamine‑induced mice (Fig. 3).

Protective ef fects of tetrahydropalmatine against 
ketamine‑induced inflammation. TNF‑α, IL‑1β and IL‑6 
activities were examined using ELISA kits. As shown in 
Fig. 4, there was a significant increase in TNF‑α, IL‑1β and 
IL‑6 activities in ketamine‑induced mice compared with in 
control mice. Tetrahydropalmatine significantly decreased 
TNF‑α, IL‑1β and IL‑6 activities in ketamine‑induced mice 
(Fig. 4).

Protective effects of tetrahydropalmatine against ACh levels 
and AChE activities in ketamine‑induced mice. ACh levels 
and AChE activities were examined using ELISA kits. As 
presented in Fig.  5, AChE activity was induced and ACh 
levels were inhibited in ketamine‑induced mice compared 
with control mice. Administration of tetrahydropalmatine 
significantly reduced ketamine‑induced AChE activity and 
increased ACh levels in ketamine‑induced mice (Fig. 5).

Effects of tetrahydropalmatine on iNOS, GDNF and NF‑κB 
protein in ketamine‑induced mice. The results of a western 
blot analysis revealed that ketamine significantly induced 
iNOS and NF‑κB protein expression in mice compared with 
in the control group (Fig. 6A‑C). Conversely, GDNF protein 
expression was significantly suppressed in the ketamine model 
group compared with in the control group (Fig. 6A and D). 
Compared with in the ketamine model group, treatment 
with tetrahydropalmatine significantly suppressed iNOS and 
NF‑κB protein expression, and induced GDNF protein expres-
sion (Fig. 6).

Protective effects of tetrahydropalmatine against caspase‑3 
and caspase‑9 activation in ketamine‑induced mice. 

Caspase‑3 and caspase‑9 activation were measured to analyze 
the protective effects of tetrahydropalmatine against learning 
and memory impairment. As presented in Fig. 7, activation 
of caspase‑3 and caspase‑9 were higher in ketamine‑induced 
mice compared with in the control group. Conversely, tetrahy-
dropalmatine significantly inhibited caspase‑3 and caspase‑9 
activation in ketamine‑induced mice (Fig. 7).

Protective effects of tetrahydropalmatine against GFAP, cyto‑
chrome c and PLC‑γ1 protein expression in ketamine‑induced 
mice. The present study aimed to determine the effects of 
tetrahydropalmatine on GFAP, cytochrome c and PLC‑γ1 
expression in ketamine‑induced mice. As presented in Fig. 8, 
the protein expression levels of GFAP, cytochrome c and 
PLC‑γ1 were significantly higher in ketamine‑induced mice 
compared with in the control group. However, treatment with 
tetrahydropalmatine significantly suppressed GFAP, cyto-
chrome c and PLC‑γ1 protein expression in ketamine‑induced 
mice (Fig. 8).

Discussion

A previous clinical retrospective cohort study indicated that 
general anesthesia administered to children <4 years old may 
be considered a risk factor for long‑term learning disabilities 
following surgery (11). Therefore, examination of the effects 
of anesthetic agents on juvenile brains during the develop-
mental period has great significance (12). Ketamine, which 
is a non‑competitive antagonist of the NMDA receptor, is a 
commonly used intravenous anesthetic drug, and has been in 
use for nearly half a century and is widely used in pediatric 
surgery  (13). However, its use is controversial due to the 
reported ketamine‑induced reduction in juvenile learning and 
memory function (14). In addition, ketamine has been reported 
to induce schizophrenia‑like behaviors and oxidative damage 
in mice (15). The present study demonstrated that tetrahydro-
palmatine effectively inhibited ketamine‑induced increases 
in escape latency and mean path length, and reversed the 
ketamine‑induced decreases in percentage of time spent in the 
target quadrant and number of times crossing the platform.

Oxidative stress has been reported to be an important 
cause of nerve cell damage  (16). In addition, it has been 
demonstrated that the abnormal deposition of amyloid‑β (Aβ) 
may induce oxidative stress, which leads to the loss of synaptic 
function and neuronal metabolism barrier, which serves a 

Figure 1. Constitutional formula of tetrahydropalmatine.
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key role in the pathogenesis of learning and memory impair-
ment (17). Elevated levels of oxidative stress in brain tissues 
induce injury to neurons (18). The present study demonstrated 
that tetrahydropalmatine significantly increased GSH‑PX, 
GSH and SOD activity, inhibited MDA activity, and decreased 
TNF‑α, IL‑1β and IL‑6 expression in ketamine‑induced mice 
via the suppression of NF‑κB protein expression. Yu et al 
previously reported that tetrahydropalmatine can effectively 
attenuate irradiation‑induced lung injury in the thoracic region 
through anti‑apoptotic, antifibrotic and anti‑inflammatory 
mechanisms (8).

In neurons, choline and acetyl coenzyme A are synthesized 
into ACh, which is catalyzed by choline acetyltransferase. 
ACh is stored in synaptic vesicles and, in response to 
stimulation, is released from cholinergic nerve endings (19). 
The postsynaptic membrane ACh receptor is known as the 
cholinergic receptor, of which there are two types: Muscarinic 

and nicotinic receptors, which are widely distributed in the 
central nervous system (20). The subsequent effects of ACh 
depend on the role of AChE in the synaptic cleft; AChE can 
hydrolyze ACh into choline and acetic acid, which has a very 
high catalytic activity, thus ensuring that the concentration 
of ACh declines rapidly (21). Therefore, AChE and choline 
acetyltransferase activities in the brain can indirectly reflect 
ACh content, and can thus be used to infer the functional 
status of the central cholinergic system (22). Furthermore, the 
present study indicated that tetrahydropalmatine significantly 
decreased the ketamine‑induced increase in AChE activity 
and reversed the ketamine‑induced decrease in ACh levels, 
demonstrating that tetrahydropalmatine protected nerve 
cell apoptosis in ketamine‑induced mice. Qu et al clearly 
demonstrated that tetrahydropalmatine may protect against 
D‑galactose‑induced memory impairment in rats through 
AChE and ACh activity (23).

Figure 2. Protective effects of THP against ketamine‑induced learning and memory impairment in mice. (A) Escape latency, (B) mean path length, 
(C) percentage of time spent in the target quadrant and (D) number of times crossing the platform. **P<0.05 vs. the control group; ##P<0.05 vs. the model group. 
THP, tetrahydropalmatine.

Figure 3. Protective effects of THP against oxidative stress in ketamine‑induced mice. Effects of THP on (A) GSH‑PX, (B) GSH, (C) SOD and (D) MDA 
activities in mice treated with ketamine. **P<0.05 vs. the control group; ##P<0.05 vs. the model group. GSH, glutathione; GSH‑PX, GSH‑peroxidase; MDA, 
malondialdehyde; SOD, superoxide dismutase; THP, tetrahydropalmatine.
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Learning and memory are brain functions that are 
indispensable to life (24). Learning is a neurological process 
that refers to the acquisition of novel information, whereas 
memory refers to the process by which obtained information 
is stored, organized and re‑acquired by learning experiences 

in the brain. These two processes are interdependent; 
cognitive ability is a very important factor for learning 
and memory, and also an important factor associated with 
intelligence  (20). The hippocampus is the main part of 
the brain associated with cognitive function. A previous 

Figure 4. Protective effects of THP against inflammation in ketamine‑induced mice. Effects of THP on (A) TNF‑α, (B) IL‑1β and (C) IL‑6 activities in mice 
treated with ketamine. **P<0.05 vs. the control group; ##P<0.05 vs. the model group. IL, interleukin; THP, tetrahydropalmatine; TNF‑α, tumor necrosis factor‑α.

Figure 5. Protective effects of THP against ACh levels and AChE activity in ketamine‑induced mice. Effects of THP on (A) AChE activity and (B) ACh 
levels in mice treated with ketamine. **P<0.05 vs. the control group; ##P<0.05 vs. the model group. ACh, acetylcholine; AChE, acetylcholinesterase; THP, 
tetrahydropalmatine.

Figure 6. Effects of THP on iNOS, NF‑κB and GDNF protein expression in ketamine‑induced mice. (A) THP reduced iNOS and NF‑κB protein expression, 
and induced GDNF protein expression in ketamine‑induced mice, as determined using western blot analysis. (B‑D) Protein expression levels of iNOS, NF‑κB 
and GDNF in mice treated with ketamine were statistically analyzed. **P<0.05 vs. the control group; ##P<0.05 vs. the model group. GDNF, glial cell‑derived 
neurotrophic factor; iNOS, inducible nitric oxide synthase; NF‑κB, nuclear factor‑κB; THP, tetrahydropalmatine.
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study reported that the hippocampal CA1 region serves 
an important role in speech recognition, and declarative 
learning and memory (24). The present study revealed that 
tetrahydropalmatine significantly inhibited caspase‑3 and 
caspase‑9 activation in ketamine‑induced mice. In addi-
tion, Yu et al demonstrated that tetrahydropalmatine may 
protect endothelial cells against gamma‑irradiation injury 
via caspase‑3 activation and cytochrome c (7). The results of 
the present study demonstrated that tetrahydropalmatine may 
inhibit nerve cell apoptosis in ketamine‑induced mice via the 
caspases signaling pathway.

B‑cell lymphoma 2 (Bcl‑2) and caspase‑3 are two important 
members of the protein family that regulates cell apoptosis, in 
particular the role of these proteins in the regulation of brain 
cell apoptosis has been confirmed (25). Previous studies have 
reported that Bcl‑2 expression is closely associated with cell 
survival, and an increase in Bcl‑2 expression in the brain may 
reduce infarct size and protect nerve cells (25,26). In addi-
tion, it has been demonstrated, using an ischemia‑reperfusion 
model, that lateral ventricle injection with caspase‑3 inhibi-
tors not only reduces caspase‑3 activity, but also significantly 
reduces infarct size and apoptosis (27). Caspase‑3 is a down-
stream regulating protein of Bcl‑2, which is the originating 
factor for triggering apoptosis, and Bcl‑2 overexpression can 
effectively inhibit caspase‑3 activation and apoptosis  (27). 

The specific enzyme of Bcl‑2 requires caspase‑3 activa-
tion in the cell body for cell apoptosis; apoptosis inducing 
factor and cytochrome c can activate DNA damage, leading 
to cascade activation of the caspase family, which induces 
apoptosis (28). The results of the present study suggested that 
tetrahydropalmatine may significantly suppress cytochrome c 
protein expression in ketamine‑induced mice. These data are 
consistent with the results of Yu et al (29), which indicated that 
tetrahydropalmatine protects rat pulmonary endothelial cells 
from irradiation‑induced apoptosis by inhibiting cytochrome 
c and PLC‑γ1.

GDNF is a newly‑discovered neurotrophic factor, which 
was initially detected in rat glioblastoma. GDNF is a member 
of the transforming growth factor β superfamily, which is 
mainly secreted by glial cells, and is expressed in the granule 
cells of the striatum, thalamic nuclei, hippocampus, cingulate 
gyrus and olfactory bulb, where it exerts a wide range of nutri-
tional functions in various central nerve cells (30). At present, 
it is the only biological factor that can both resist neuronal 
apoptosis and prevent tissue atrophy of the nerve cell body (31). 
In addition, GDNF serves an important role in the cognitive 
functions of learning and memory; in a mouse model in which 
GDNF expression was knocked down, hippocampal synaptic 
transmission was abnormal and water maze performance 
was impaired  (32). In this study, it was demonstrated that 

Figure 7. Protective effects of THP against caspase‑3 and caspase‑9 activation in ketamine‑induced mice. THP protected against (A) caspase‑3 and (B) caspase‑9 
activation in mice treated with ketamine. **P<0.05 vs. the control group; ##P<0.05 vs. the model group. THP, tetrahydropalmatine.

Figure 8. Protective effects of THP against GFAP, cytochrome c and PLC‑γ1 protein expression in ketamine‑induced mice. (A) THP protected against GFAP, 
cytochrome c and PLC‑γ1 protein expression, as determined using western blot analysis. (B‑D) Protein expression levels of GFAP, cytochrome c and PLC‑γ1 
in mice treated with ketamine were statistically analyzed. **P<0.05 vs. the control group; ##P<0.05 vs. the model group. GFAP, glial fibrillary acidic protein; 
PLC‑γ1, phospholipase C‑γ1; THP, tetrahydropalmatine.
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tetrahydropalmatine significantly increased GDNF protein 
expression in ketamine‑induced mice.

GFAP is an important cytoskeletal protein for astrocyte 
synthesis, which is now recognized as a characteristic astro-
cyte marker (33). Diabetes can affect astrocytes, resulting in 
alterations in GFAP expression. A previous study revealed 
that in diabetic rats, the expression of GFAP is decreased in 
the rat cortex, hippocampus and cerebellum, resulting in a 
decrease in the generation of blood vessels, the blood‑brain 
barrier and the change in LTP, eventually leading to learning 
and memory dysfunction (33). It has also been reported that 
with the long‑term stimulation of hyperglycemia, learning and 
memory functions in rats are gradually decreased, accompa-
nied by the increased expression of GFAP in hippocampus; 
these results indicated that astrocytes are associated with 
anesthesia‑induced cognitive dysfunction (34,35). The results 
of the present study indicated that tetrahydropalmatine signifi-
cantly reduced GFAP protein expression in ketamine‑induced 
mice. In addition, Qu et al clearly demonstrated that tetra-
hydropalmatine may protect against D‑galactose‑induced 
memory impairment through the inhibition of GFAP expres-
sion in rats (23).

PLCγ1 is a member of the PLC serine/threonine family; 
the phosphorylation of tyrosine 783 results in its activation, 
signal transmission, and finally its corresponding cellular 
effect (36). In the nervous system epileptic seizures in mice 
may be significantly inhibited following induction of the ������tropo-
myosin receptor kinase B/PLCγ1 signaling pathway; similarly, 
PLCγ1 affects the structural plasticity of sensory neurons in 
the vestibular system and neuronal dendrite formation in the 
middle of the olfactory bulb (37). In cerebellar neurons and 
cortical neurons, PLCγ1 activity is associated with the release 
of brain‑derived neurotrophic factor‑induced glutamate (38). 
In the present study, the results indicated that tetrahydropal-
matine significantly suppressed PLC‑γ1 protein expression 
in ketamine‑induced mice, thus suggesting that PLC‑γ1 may 
serve an important role in the effects of tetrahydropalmatine 
on ketamine‑induced toxicity.

In conclusion, the present study clearly demonstrated 
that tetrahydropalmatine protects against ketamine‑induced 
learning and memory impairment in mice. In addition, it was 
indicated that the protective effects of tetrahydropalmatine on 
learning and memory impairment were associated with anti-
oxidative, anti‑inflammatory and anti‑apoptotic mechanisms. 
However, further studies are required to clarify the neurobio-
logical mechanisms.
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