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Abstract. Acetylcholinesterase inhibitors are regarded as 
promising therapeutic agents to treat addiction. The current 
study aimed to examine the effects of huperzine A, a cholin-
esterase  inhibitor, on behavioral sensitization induced by 
repeated morphine administration and relapse induced by 
contextual conditioning. The present study also assessed 
whether the state‑dependency hypothesis may explain the 
results. Adult rats were divided into four groups (n=8) and 
intraperitoneally injected with 0.2, 0.3 or 0.4 mg/kg huperzine 
A or saline (1 ml/kg, control), for 5 days. The effect of repeated 
huperzine A administration alone on locomotor activity was 
assessed. For the experiments that analyzed the development 
of morphine‑induced sensitization, 40 rats were divided into 
five groups (n=8): Saline+Saline, Saline+Morphine, 0.2, 
0.3 and 0.4 mg/kg huperzine A+Morphine. Following a with-
drawal period of 7 days, all animals were administered saline 
or morphine, as appropriate. To test the state‑dependency 
hypothesis, the rats in the Saline+Morphine group were 
injected with saline and morphine, while the other three 
groups were administered different doses of huperzine A 
and morphine. To examine the effect of huperzine A on the 
expression of morphine‑induced sensitization, the rats in 
huperzine A+Morphine groups were injected with appropriate 
concentrations of huperzine A, and morphine. The current 
results indicated that the administration of huperzine A alone 
did not affect locomotor activity, while higher doses of huper-
zine A inhibited the addictive behavior induced by morphine 
at the development phase. Additionally, huperzine A adminis-
tration during the expression phase of morphine sensitization 
did not inhibit the relapse induced by administration of saline. 

Furthermore, 0.4 mg/kg huperzine A inhibited the expression 
of morphine‑induced behavioral sensitization. Therefore, the 
results of the current study do not support the state‑dependency 
hypothesis.

Introduction

Huperzine A is an acetylcholinesterase inhibitor isolated 
from the Chinese herb Huperzia serrata. It easily penetrates 
the blood‑brain barrier (1) and possesses diverse pharmaco-
logical functions (2,3). Huperzine A protects cortical neurons 
from β‑amyloid‑induced apoptosis in vitro (4), and regulates 
the expression of nerve growth factor and its receptors (5). 
Importantly, it selectively inhibits acetylcholinesterase (6). 
Compared with other acetylcholinesterase inhibitors, including 
physostigmine, donepezil and rivastigmine, huperzine A is 
more effective at increasing the level of cortical acetylcholine 
and has a longer lasting effect (6,7). Currently, huperzine A is 
being investigated as a potential treatment for neurodegenera-
tive diseases, such as Alzheimer's disease (8,9). Additionally, 
acetylcholinesterase inhibitors have been recognized as prom-
ising therapeutic agents for drug addiction (10). Therefore, 
assessing the effects of huperzine A on drug addiction is 
important.

It has been suggested that behavioral sensitization is linked 
to drug craving and compulsive drug seeking (11). Behavioral 
sensitization refers to a phenomenon characterized by enhanced 
responsiveness following repeated, intermittent treatment 
with psychomotor stimulants (12,13). Locomotor activity, as a 
measure of spontaneous behavior, has been primarily assessed 
in behavioral sensitization studies (14,15). Additionally, behav-
ioral sensitization has been established in rodents that have 
repeatedly been administered the same or incremental doses 
of a drug (16‑19). It has been demonstrated that behavioral 
sensitization may also be applied in a model of testing addic-
tive behavior associated with drug seeking and relapse (12,20). 
Relapse is the resumption of drug seeking/drug consumption 
following a protracted period abstinence (14). In an animal 
model of relapse, when contextual conditioning is repeatedly 
paired with drug abuse, it has a distinct ʻincentive salience ,̓ 
consequently leading to compulsive drug craving, seeking and 
relapse (21‑23). Theories of contextual conditioning emphasize 
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that a ʻcontextʼ not only consists of fixed geometric features 
of the environment but also includes multi‑modal sensory 
(visual, tactile and olfactory) cues and temporal or episodic 
context  (24). A previous study has determined that the 
contextual conditioning may modulate behavioral effects of 
drug abuse, such as the sensitization to psychomotor stimulant 
effects of amphetamine (23).

Carlezon  et  al  (25) and Wise  et  al  (26) proposed the 
ʻstate‑dependencyʼ hypothesis based on studies of bromocrip-
tine sensitization. This hypothesis suggests that sensitized 
behavior should only be evident under the same conditions 
in which the same type of drugs (an addictive drug and a 
non‑addictive drug) and dosage were injected just as sensi-
tized behavior was exhibited in the past. Therefore, sensitized 
response exhibited while under the influence of both drugs 
may only be recalled when a rat is in the same state. The rats 
did not exhibit sensitization when they were challenged with 
the addictive drug alone, which was due to the different states 
in which the sensitized behavior developed. Therefore, it has 
been suggested that state‑dependency should be considered 
in studies that involve the inhibition of behavioral sensitiza-
tion (27).

The purpose of the present study was to examine the 
effects of huperzine A on behavioral sensitization caused by 
morphine and relapse induced by contextual conditioning. It 
was also assessed whether the state‑dependency hypothesis 
may explain the effects of huperzine A on morphine‑induced 
sensitization.

Materials and methods

Animals. A total of 72 Male Wistar rats used in this study were 
8 weeks old and weighted 220‑250 g (Academy of Military 
Medical Sciences, Beijing, China). They were housed in 
groups of three per cage in a 12‑h light‑dark cycle (lights on 
at 7:00 a.m.) at 22±1˚C and relative humidity of 50‑60% with 
ad libitum access to food and water. Prior to the study experi-
ments, animals were provided adaptive feeding for 7 days. A 
previous study suggested that there were individual differ-
ences in the initial locomotor response to a novel environment 
in rats (28). Therefore, the adaptive feeding may make rats 
familiar with the test environment in advance and avoid the 
effect of a novel environment on locomotor activity. The 
adaptive feeding procedure was as follows: On days 1‑2, rats 
were housed in groups of three per cage as aforementioned; on 
days 3‑5, the animals were acclimated to locomotor chambers 
(Shanghai Mobile Datum Information Technology Co., Ltd., 
Shanghai, China) for 1 h; on days 6 and 7, locomotor activity 
was recorded for 2 h once a day between 8:00 and 16:00. An 
average baseline for locomotor activity of each rat was estab-
lished and expressed as locomotor data obtained from the two 
tests on days 6 and 7. All experimental procedures were carried 
out in accordance with the 1996 National Institutes of Health 
Guide for the Care and Use of Laboratory Animals (29) and 
all experimental procedures were approved by the Institutional 
Animal Care and Use Committee, Capital Normal University 
(Beijing, China).

Apparatus. Locomotor activity was measured in a locomotor 
activity chamber 40x40x50  cm (length  x  width  x  height; 

Shanghai Mobile Datum Information Technology Co., Ltd.). 
The chamber was placed in a sound attenuating, dimly illu-
minated container with an exhaust fan in order to avoid the 
interference of external unrelated conditions on rat's loco-
motor activity during the testing and to maintain ventilation. 
Locomotor activity was measured based on the horizontal 
distance (mm) traveled and was recorded automatically with 
an infrared video‑tracking system.

Drugs. The following drugs were used: sterile 0.9% saline 
(prepared by our laboratory) and morphine hydrochloride 
(10 mg/ml, Shenyang First Pharmaceutical Factory, Shenyang, 
China), which was diluted to 5 mg/ml in sterile saline prior 
to intraperitoneal injection. Huperzine A (purity >98%, 
Jiangxi Herbal Tiangong Technology Co., Ltd., Jiangxi, 
China), an acetylcholinesterase inhibitor, was dissolved in 
phosphate‑buffered saline. The doses of huperzine A were 
administered at concentrations of 0.2, 0.3 and 0.4 mg/kg, as 
described previously (30,31). All drugs were injected intra-
peritoneally at a volume of 1 m/kg between 8:00 and 16:00.

Procedures. Two experiments were completed to examine 
locomotor activity. The first was to assess the effects of huper-
zine A administration alone on locomotor activity. It has been 
demonstrated that acetylcholinesterase inhibitors decrease 
locomotor activity (32); therefore, a supplementary experiment 
was set up in the current study to examine the effects of huper-
zine A administration alone on locomotor activity and analyze 
the side effects of huperzine A on locomotor activity (32,33). 
In the current experiment, based on the baseline data of loco-
motor activity obtained from the adaptive feeding phase, these 
baseline data were ranked from highest to lowest, and then 
grouped by S‑type. A total of 32 rats were evenly divided into 
four groups (n=8 rats per group) and treated with: Saline (Sal), 
0.2 mg/kg huperzine A (0.2 HupA), 0.3 mg/kg huperzine A 
(0.3 HupA) or 0.4 mg/kg huperzine A (0.4 HupA). On days 
1‑5, each group was administered the corresponding injec-
tion alone (saline or huperzine A) in their cage once daily. 
Locomotor activity was recorded for 2 h starting 25 min (30) 
following each injection.

The second experiment assessed the effects of huper-
zine A on morphine‑induced behavioral sensitization. 
To examine the effects of huperzine A on behavioral 
sensitization induced by morphine, 40  rats which were 
different from the rats used in the first experiment were 
assigned to five groups (n=8 rats per group) and treated 
with: Saline+saline (Sal+Sal), saline + 5 mg/kg morphine 
(Sal+Mor), 0.2 mg/kg huperzine A + 5 mg/kg morphine (0.2 
HupA+Mor), 0.3 mg/kg huperzine A + 5 mg/kg morphine (0.3 
HupA+Mor) or 0.4 mg/kg huperzine A + 5 mg/kg morphine 
(0.4 HupA+Mor). This experimental procedure involved 
three phases (Table I). The first injection was administered 
to all rats between 8:00 and 16:00 and the second injection 
was administered 25 min later (30). During the development 
phase (days 1‑5), the rats in the Sal+Sal group received saline 
injections twice daily and rats in the Sal+Mor group were 
administered saline and morphine every day. The remaining 
three groups were administered different doses of huperzine 
A and morphine every day. During the withdrawal phase 
(days 6‑12), no treatments were administered. During the 
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expression phase (day 13), all animals were administered 
1 ml/kg saline to examine the effects of repeated huperzine 
A administration during the development phase of morphine 
sensitization, to determine whether relapse is induced by 
contextual conditioning alone. Conditioned locomotor activity 
induced by saline injection may be regarded as a relapse 
caused by contextual conditioning when this follows repeated 
and intermittent exposure to morphine (34). Bevins and Bardo 
also suggested that when a multisensory environment was reli-
ably paired with morphine in rats, that context, in a drug‑free 
test, could evoked a hyperactive conditioned locomotor 
activity (35). On day 14, all rats were challenged with 5 mg/kg 
morphine to determine the effects of huperzine A on the devel-
opment of morphine‑induced sensitization. On day 18, the rats 
in the Sal+Mor group were injected with saline and morphine 
(5 mg/kg). The other three groups received co‑administration 
of huperzine A (0.2, 0.3 or 0.4 mg/kg) and 5 mg/kg morphine. 
Considering the data regarding development and morphine 
challenge, the current study assessed the state‑dependency 
hypothesis using these challenges on day 18. On day 22, the 
rats in the Sal+Mor group were injected with the appropriate 
dose of huperzine A and 5 mg/kg morphine to examine the 
effect of huperzine A on the expression of morphine‑induced 
sensitization. The preferred dose of huperzine A (0.4 mg/kg) 
was selected from 0.2, 0.3 and 0.4 mg/kg based on the results 
of preliminary experiments in the present study. On day 26, 
only the Sal+Mor rats were injected with saline and 5 mg/kg 
morphine to investigate whether sensitization was weakened 
or disappeared over time. Locomotor activity was recorded 
for 2  h immediately following the administration of the 
final injection. Particularly, in order to avoid elimination of 
any conditioned hyperactivity and to fully model the relapse 
induced by contextual conditioning, when all the groups were 
challenged with saline on day 13 in this experiment, their 
locomotor activities were recorded for 1 h, as described previ-
ously (36‑40).

Statistical analysis. Statistical analysis was performed 
using SPSS version  16.0 (SPSS, Inc., Chicago, IL, USA). 
Data are expressed as mean ± standard error of the mean 
(mean ± SEM), unless otherwise indicated. Data obtained 
from repeated huperzine A administration alone in experi-
ment one and development of sensitization in experiment two 
were analyzed by two‑way (groups x time) repeated measures 
analysis of variance (ANOVA). Data regarding the drug chal-
lenge on days 13, 14 and 18 in experiment 2 were respectively 
analyzed by one‑way ANOVA. This was followed by the least 
significant difference (LSD) post hoc comparison when there 
was significance among groups. One‑way repeated measures 
ANOVA was used to compare the data of the Sal+Mor group 
on days 18, 22 and 26 in experiment 2. P<0.05 was considered 
to represent a statistically significant difference.

Results

Administration of huperzine A alone does not affect loco‑
motor activity. As demonstrated by the two‑way (groups 
x time) repeated measures ANOVA, repeated huperzine 
A injection alone had no significant effect on locomotor 
activity (Fig.  1). The interaction effects of groups x  time 
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[F (12,112)=1.126, P=0.346], the main effects of the groups 
[F  (3,28)=0.849, P=0.479] and time [F  (4,112)=2.370, 
P=0.057] did not have significant effects on locomotor activity 
(P>0.05). According to the average locomotor activity of 
days 1‑5, there was no significant difference between the Sal 
group and all HupA groups (0.2, 0.3 and 0.4 mg/kg) (mean 
difference ± SEM: 4,337.631±2,873.362; 2,687.724±2,873.362; 
1,232.341±2,873.362; P>0.05). Therefore, repeated huperzine 
A injection alone did not alter the motor function of the rats.

Higher doses of huperzine A immediately inhibit 
morphine‑induced addictive behavior at the development 
phase. The results of two‑way ANOVA indicated that the 
interaction effects of groups x time [F  (16,140)=2.381, 
P=0.004] and the main effects of the groups [F (4,35)=16.729, 
P<0.001] and time [F  (4,140)=7.131, P<0.001] all had 
significant effects on locomotor activity when rats were 
co‑administered huperzine and morphine (P<0.05). With 
respect to the daily locomotor activities of each group, the 
LSD post hoc comparison indicated that daily locomotor 
activities in the Sal+Mor group were significantly greater 
than those in the Sal+Sal group (P≤0.001 on days  1‑5), 
which indicated that repeated morphine administration 
caused addictive behavior (Fig. 2). Furthermore, the daily 
locomotor activities in the 0.2 HupA+Mor group were signif-
icantly greater than those in the Sal+Sal group (P=0.002 
and P<0.001 on days  1  and  2‑5, respectively). However, 
compared to the Sal+Mor group, no significant difference 
in locomotor activity was observed in the 0.2 HupA+Mor 

group (P=0.194, P=0.701, P=0.703, P=0.392 and P=0.083 
on days 1‑5, respectively), suggesting that 0.2 mg/kg huper-
zine A did not prevent the locomotor behavior induced by 
morphine. The locomotor activities in the 0.3 HupA+Mor 
group were markedly increased compared to those in the 
Sal+Sal group (P=0.001, P=0.002, P=0.007 and P=0.003 
on days 1, 2, 4 and 5, respectively; except for P=0.077 on 
day  3); however, they were significantly less than those 
in the Sal+Mor group only on days 2, 4 and 5 (P=0.004, 
P=0.001 and P=0.001, respectively). These results suggested 
that 0.3 mg/kg huperzine A inhibited morphine‑induced 
locomotor increases. However, the daily locomotor activities 
in the 0.4 HupA+Mor group were significantly lower than 
those in the Sal+Mor group (P<0.001, P<0.001, P=0.005, 
P<0.001 and P<0.001 on days 1‑5, respectively). There were 
no significant differences in the locomotor activity between 
the 0.4 HupA+Mor group and the Sal+Sal group (P=0.761, 
P=0.417, P=0.148 and P=0.069 on days 1, 3, 4 and 5, respec-
tively), with the exception of day 2 (P=0.040). Therefore, 
0.4 mg/kg huperzine A rapidly and effectively rescued the 
addictive behavior induced by morphine (Fig. 2).

Huperzine A does not inhibit the relapse induced by contex‑
tual conditioning. Saline‑challenged locomotor activity 
was markedly different among the groups [F (4,35)=7.234, 
P<0.001] (Fig. 3). LSD post hoc comparison analysis indi-
cated a clear increase in locomotor activity in the Sal+Mor 
group compared with that in the Sal+Sal group. (mean 
difference ± SEM: 25,439.104±6,318.852, P<0.001; Fig. 3). 

Figure 1. Effects of repeated huperzine A administration alone (0.2, 0.3 and 0.4 mg/kg) on locomotor activity. Data are expressed as mean ± standard error of 
the mean. Sal, saline treated group; 0.2 HupA, 0.2 mg/kg huperzine A group; 0.3 HupA, 0.3 mg/kg huperzine A group; 0.4 HupA, 0.4 mg/kg huperzine A group.

Figure 2. Effects of the co‑administration of huperzine A (0.2, 0.3 and 0.4 mg/kg) and morphine on locomotor activity in the development phase of behavioral 
sensitization. Data are expressed as mean ± standard error of the mean. *P<0.05, **P<0.01 and ***P<0.001 vs. the Sal+Sal group; ##P<0.01 and ###P<0.001 vs. the 
Sal+Mor group. Sal, saline; mor, morphine; 0.2 HupA, 0.2 mg/kg huperzine A group; 0.3 HupA, 0.3 mg/kg huperzine A group; 0.4 HupA, 0.4 mg/kg huperzine 
A group.
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Similarly, the locomotor activities in the 0.2 HupA+Mor 
group, 0.3  HupA+Mor group and 0.4  HupA+Mor group 
were all significantly greater than those in the Sal+Sal 
group (P<0.001, P=0.029 and P=0.006, respectively; Fig. 3); 
however, there were no significant differences in locomotor 
activity in the HupA treated groups compared with the 
Sal+Mor group (P=0.343, P=0.088 and P=0.280, respec-
tively; Fig. 3). Therefore, huperzine A did not inhibit the 
relapse induced by the saline challenge.

Huperzine A does not inhibit the development of 
morphine‑induced behavioral sensitization. Considering 
morphine‑challenged locomotor activities, a one‑way ANOVA 
revealed a significant difference among the groups 
[F (4,35)=2.979, P=0.032]. The results of the LSD post hoc 
comparison indicated that the locomotor activity in the 
Sal+Mor group was significantly greater than that of the Sal+Sal 
group (mean difference  ±  SEM: 30,567.659±12,713.000, 
P=0.022; Fig.  4), which indicated that behavioral sensi-
tization was established. Furthermore, the locomotor 
activities in the 0.2 HupA+Mor group, 0.3 HupA+Mor group 
and 0.4 HupA+Mor group were all significantly greater than 
those in the Sal+Sal group (P=0.047, P=0.024 and P=0.002, 
respectively; Fig. 4); however, no differences were observed 
when compared with the Sal+Mor group (P=0.732, P=0.963 
and P=0.382, respectively; Fig. 4). Therefore, huperzine A 
failed to block the development of morphine‑induced behav-
ioral sensitization.

The current study does not support the state‑dependency 
hypothesis. When the rats in the Sal+Mor group and the 
three HupA+Mor groups were challenged with saline and 
morphine or different doses of huperzine A and morphine, 
the difference in locomotor activity among the groups 
was significant [F  (3,28)=7.900, P=0.001]. LSD post hoc 
comparison analysis revealed that the locomotor activi-
ties in the 0.4 HupA+Mor group were significantly lower 
compared with those in the Sal+Mor group (mean differ-
ence  ±  SEM: 49,737.813±10,660.000, P<0.001; Fig.  5). 
However, the locomotor activities in the 0.2 HupA+Mor 
group (mean difference  ±  SEM: 13,219.521±10,660.000, 
P=0.225) and 0.3 HupA+Mor group (mean difference ± SEM: 
15,830.700±10,660.000, P=0.149) did not differ significantly 
to those in the Sal+Mor group (P>0.05; Fig. 5). Based on the 

5‑day locomotor activity data obtained from the develop-
ment phase and the morphine‑challenged locomotor activity 
data from the expression phase, state‑dependency was not 
supported by these results.

Figure 6. Effects of huperzine A on the expression of morphine sensitiza-
tion in the Sal+Mor group. On day 18, the rats in the Sal+Mor group were 
injected with saline and 5 mg/kg morphine. On day 22, rats were injected 
with 0.4 mg/kg huperzine A and 5 mg/kg morphine to examine the effect of 
huperzine A on the expression of morphine‑induced sensitization. On day 26, 
rats were injected with saline and 5 mg/kg morphine again to investigate 
whether sensitization weakened or disappeared with time. Data are expressed 
as mean ± standard error of the mean. **P<0.01 vs. locomotor activity chal-
lenged with 0.4 mg/kg huperzine A and morphine on day 22. Sal, saline; mor, 
morphine.

Figure 4. Effects of huperzine A on the development of morphine‑induced 
behavioral sensitization. Data are expressed as mean ± standard error of the 
mean. *P<0.05 and **P<0.01 vs. the Sal+Sal group. Sal, saline; mor, morphine; 
0.2 HupA, 0.2 mg/kg huperzine A group; 0.3 HupA, 0.3 mg/kg huperzine A 
group; 0.4 HupA, 0.4 mg/kg huperzine A group.

Figure 5. Examination of the state‑dependency hypothesis. The rats in the 
Sal+Mor group and the three HupA+Mor groups were challenged with 
saline and morphine and the corresponding dose of huperzine A (0.2, 
0.3  and  0.4  mg/kg) and morphine, respectively. Data are expressed as 
mean ± standard error of the mean. ###P<0.001 vs. the Sal+Mor group. Sal, 
saline; mor, morphine; 0.2 HupA, 0.2 mg/kg huperzine A group; 0.3 HupA, 
0.3 mg/kg huperzine A group; 0.4 HupA, 0.4 mg/kg huperzine A group.

Figure 3. Effects of huperzine A on the relapse induced by contextual condi-
tioning. Data are expressed as mean ± standard error of the mean. *P<0.05, 
**P<0.01 and ***P<0.001 vs. the Sal+Sal group. Sal, saline; mor, morphine; 
0.2 HupA, 0.2 mg/kg huperzine A group; 0.3 HupA, 0.3 mg/kg huperzine A 
group; 0.4 HupA, 0.4 mg/kg huperzine A group.
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A higher dose of huperzine A inhibits the expression of 
morphine‑induced behavioral sensitization. Based on the afore-
mentioned findings, 0.4 mg/kg huperzine A, as the preferred 
dose, was used in the following experiment. A one‑way repeated 
measures ANOVA demonstrated that time had a significant 
influence on locomotor activity [F (2,14)=13.367, P=0.001]. 
With regard to the Sal+Mor group, the results of LSD post 
hoc comparison analysis indicated that the locomotor activity 
measured following co‑administration of 0.4 mg/kg huperzine 
A and morphine on day 22 was significantly lower than the 
group challenged with saline and morphine on day 18 (mean 
difference ± SEM: ‑52,622.189±14,140.000, P=0.007; Fig. 6) and 
the group challenged with saline and morphine on day 26 (mean 
difference ± SEM: ‑67,220.744±12,160.000, P=0.001; Fig. 6). 
However, no significant difference was observed between the 
locomotor activities on days 18 and 26 (mean difference ± SEM: 
‑14,598.555±14,610.000, P=0.351; Fig. 6). Consequently, it was 
determined that 0.4 mg/kg huperzine A inhibited the expression 
of morphine‑induced behavioral sensitization.

Discussion

In the present study, three different doses of huperzine A, which 
were co‑administered with morphine during the development 
of the sensitization phase (days 1‑5), failed to inhibit locomotor 
activity when morphine challenge was instigated on day 14. 
This indicates that huperzine A did not stop the development 
of morphine‑induced behavioral sensitization. Notably, during 
the 5‑day development of sensitization, 0.4 mg/kg huperzine 
A blocked the increase in locomotor activities caused by 
morphine. Additionally, considering the evidence indicating 
that the three different doses of huperzine A did not affect the 
motor function of the animals, it is likely that the inhibition 
of 0.4 mg/kg huperzine A on morphine‑induced hyperactivity 
during the 5‑day developmental phase was immediate and 
temporary. Locomotor activity in the 0.4 HupA+Mor group 
was significantly higher when challenged with morphine 
compared with the Sal+Sal group. It was demonstrated that 
sensitization developed normally.

Previous studies have demonstrated that acetylcholinesterase 
inhibitors may markedly affect cholinergic interneurons in the 
striatum (41,42). Furthermore, the balance between dopamine 
and acetylcholine in the striatum may modulate motor func-
tion (43). Therefore, the immediate suppression of locomotor 
activities was potentially induced by simultaneous inhibition of 
dopamine release caused by morphine and acetylcholine release 
following huperzine A administration in the striatum. However, 
this alternative hypothesis and mechanism of the immediate 
inhibition of huperzine A requires additional investigation.

The appearance of addictive behavior during the develop-
ment of sensitization was prevented by 0.4 mg/kg huperzine; 
however, it remains unknown why the initial inhibition 
by huperzine A did not last longer. By contrast, the devel-
opment of behavioral sensitization was associated with 
external factors, including the frequency, dose, interval and 
contextual conditioning of injections (44) in addition to the 
insufficient frequency of administration and the short devel-
opment period in the present study. This may have resulted 
in a temporary inhibitory effect. With regard to the Sal+Mor 
group, the locomotor activity induced by co‑administration of 

0.4 mg/kg huperzine A and morphine on day 22 was not as 
marked compared with the group challenged with saline and 
morphine on day 18. This indicates that 0.4 mg/kg huperzine 
A may suppress the expression of behavioral sensitization 
caused by morphine, which was in agreement with the results 
obtained from previous studies investigating other acetylcho-
linesterase inhibitors, such as physostigmine (17).

The locomotor activity in the Sal+Mor group challenged 
with saline and morphine on day 26 increased significantly 
again, indicating that behavioral sensitization was not weakened 
or eliminated with time and confirming the inhibitory effect of 
0.4 mg/kg huperzine A on the expression of morphine‑induced 
behavioral sensitization. However, huperzine A failed to inhibit 
the development of morphine‑induced behavioral sensitization. 
This phenomenon may be explained by the different mecha-
nisms of development and expression of morphine‑induced 
behavioral sensitization (45). The development of morphine 
sensitization primarily requires stimulation of µ‑opioid recep-
tors within the ventral tegmental area but not the dopamine 
receptor  (46,47). However, its expression requires stimula-
tion of the dopamine receptor, specifically the dopamine D2 
receptor (47). Furthermore, the nucleus accumbens has been 
recognized as the brain region that is most closely associated 
with the expression of behavioral sensitization (48). Repeated 
morphine administration may enhance the release of dopamine, 
which may stimulate the dopamine D2 receptor (45,47), leading 
to an increase in locomotor activities. The increasing concen-
tration of acetylcholine in the nucleus accumbens may suppress 
the addictive behavior caused by morphine (10). It has been 
demonstrated that acetylcholinesterase inhibitors administered 
to the nucleus accumbens, but not to the ventral tegmental 
area, suppress the rewarding response to opioids (10,49). Thus, 
huperzine A potentially increased the release of acetylcholine, 
which may inhibit the release of dopamine in the nucleus 
accumbens, resulting in a blockade of expression for behavioral 
sensitization induced by morphine.

The present study demonstrated that three different doses 
of huperzine A (0.2, 0.3 and 0.4 mg/kg), which were injected 
with morphine during development of the sensitization phase 
(days 1‑5), failed to suppress relapse when challenged with 
saline alone on day 13. As huperzine A did not stop the devel-
opment of morphine sensitization, the contextual conditioning 
that is associated with the drug rewarding may have potentially 
possessed ʻincentive salienceʼ (12,50) and the reward‑asso-
ciated contextual conditioning may induce relapse  (23). 
Incentive salience, just as a psychological process, transforms 
the perception of stimuli, imbuing them with salience, making 
them attractive, ʻwanted ,̓ incentive stimuli (12). By contrast, 
huperzine A may be selectively distributed in the cerebral 
cortex, hippocampus and other brain regions associated with 
learning and memory (2,51). In particular, the hippocampus is 
involved in the conditioning of contextual stimuli, contextual 
learning and memory consolidation (22,23). Therefore, huper-
zine A may enhance the release of acetylcholine in the central 
nervous system and improve the normal or impaired learning 
and memory functions of animals (31,52‑54). Consequently, 
contextual conditioning was more closely associated with 
relapse.

The state‑dependency hypothesis was previously used to 
interpret the following phenomenon: Rats repeatedly injected 
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with MK‑801 and bromocriptine exhibited progressive 
augmentation of locomotor activities during the development 
phase (24,27). However, the rats did not exhibit sensitized 
behavior when they were challenged with bromocriptine alone, 
until they were challenged with MK‑801+bromocriptine (25). 
Carlezon et al (25) and Wise et al (26) suggested that MK‑801 
became a conditioned stimulus to recall the sensitized 
response only when co‑administered with bromocriptine 
during a challenge period. The contextual dependency of 
sensitization was extended to the drug state when sensitiza-
tion was induced (27).

In contrast to the results obtained from the aforemen-
tioned previous studies (25), the present study demonstrated 
that locomotor activity in the 0.4 HupA+Mor group was 
prevented when 0.4 mg/kg huperzine A and morphine were 
injected in the development and expression phases, but did 
not experience behavioral sensitization. Following with-
drawal, 0.4 HupA+Mor rats expressed sensitized behavior 
when challenged with morphine alone, but did not exhibit 
inhibition of behavior. Therefore, the results of the present 
study do not support the state‑dependency hypothesis. As 
discussed, the inhibition of huperzine A on behavioral 
sensitization in the present study was potentially due to 
the unique pharmacological effects of huperzine A on the 
central nervous system or different mechanisms between the 
development and expression of morphine‑induced behav-
ioral sensitization.

In conclusion, the present study examined the effects of 
huperzine A on behavioral sensitization induced by morphine 
and relapse induced by contextual conditioning. The current 
study demonstrated that 0.4 mg/kg huperzine A may inhibit 
the expression of behavioral sensitization induced by 
morphine but not the development of sensitization. Addition-
ally, co‑administration of huperzine A with morphine during 
the development period did not inhibit the relapse induced by 
contextual conditioning. Therefore, the results of the current 
study did not support the state‑dependency hypothesis. The 
inhibition mechanisms of huperzine A on morphine‑induced 
behavioral sensitization require further investigation.
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