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Introduction: Oleanolic acid (OA) has been shown to be useful for the treatment of mental 
disorders.
Methods: In this study, we investigated the effects of OA in animal models of spontaneous 
withdrawal and naloxone-precipitated withdrawal and evaluated the effects of OA on the 
acquisition, extinction, and reinstatement of morphine-induced conditioned place preference 
(CPP).
Results: OA significantly improved symptoms of withdrawal, and significantly reduced the 
acquisition and reinstatement of morphine-induced conditioned place preference. Moreover, 
OA significantly reduced the serum content of 5-hydroxy tryptamine (5-HT) and dopamine 
(DA) in a dose-dependent manner, and reduced norepinephrine (NE) and 5-HT content in the 
frontal cortex (PFC), while significantly increasing endorphin content in rats. OA also 
significantly reduced serum DA content in mice.
Conclusion: These results indicate that OA can improve the withdrawal symptoms of rats 
and mice by regulating the DA system and suggest that OA may be useful in treatment of 
morphine addiction.
Keywords: OA, withdrawal, morphine-induced, rats, mice

Introduction
Drug addiction, especially opioid addiction, is a major problem worldwide and has 
become a major public hazard.1,2 Repeated use of drugs in addicts prompts them to 
relapse into drug seeking following detoxification. Addictive drugs include narco-
tics and psychotropic drugs that promote dependency.3 These drugs including 
opioids can effectively treat pain but are highly addictive. If a dependent person 
suddenly stops taking drugs, he/she will exhibit predictable and measurable physi-
cal signs which is known as withdrawal syndrome.4

Stopping the behavioral and psychological consequences on drug addiction is 
central to our work.5 Drug detoxification uses the concepts of “replacement“ and 
“blocking“.6 “Replacement” involves replacement with a ”legal, low addictive 
drug”, such as methadone instead of heroin, and ”blocking” using opioid antago-
nists that can inhibit the euphoric effect of opioids and reduce the positive 
strengthening effect of drugs. Nonetheless, treatment compliance for both of these 
therapies is poor. Both methods have rapid onset of effects, but they have the 
disadvantages of poor safety, high relapse rate, addictive liability, and unwanted 
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side effects. For example, the relapse rate after successful 
detoxification with methadone replacement therapy is as 
high as 93.4%, which may lead to life-long dependence.7

There are at least four known interacting neural circuits in 
the brain related to the drug addiction process.8 The first 
circuit is located in the nucleus accumbens (NAc) and the 
ventral globus pallidus, which regulate the reward process; 
the second circuit is located in the orbitofrontal cortex and 
the inferior cingulate cortex, which are responsible for reg-
ulating motivation and emotion; the third circuit involves the 
amygdala and hippocampus, which produce memorize and 
support conditional learning; the last circuit is located in the 
PFC and the anterior cingulate gyrus, which master advanced 
cognitive control and executive ability.9

The four neural circuits receive their own direct or 
indirect neural projections, which play an important role 
in regulating craving and relapse for drugs.10 Among 
them, the DA nervous system is the material basis of 
drug rewards. This system originates from the ventral 
dorsal tegmental area (VTA), and mainly projects to the 
NAc, amygdala, PFC, and other brain areas. Addictive 
drugs can quickly cause the activation of DA neurons in 
the VTA of the midbrain, and increase the level of DA in 
the NAc to produce euphoria.11

Furthermore, it is known that the DA system is 
involved in mediating the psychologically dependent 
effects of morphine, and the glutamatergic projection of 
the reward pathway from the PFC and amygdala to the 
midbrain plays a role in regulating DA neuron.12 

Addictive drugs change neuronal cellular proteins in the 
central nervous system (CNS), including G protein 
coupled receptors and protein kinases, which can result 
in addiction.13 Moreover, interactions between the DA and 
glutamate systems are essential for the development of the 
rewarding effects of opiates. In addition, the release of NE, 
DA, γ-aminobutyric acid, glutamate, and other substances 
are also involved in the opioid addiction process, which is 
accompanied by neuronal changes at the molecular level.14 

Thus, drug addiction is inseparable from the DA system.
In our previous study, we found that traditional Chinese 

herbal medicines including oleanolic acid (OA) can reduce 
drug addiction or even promote detoxification.15 OA is 
widely found in food, medicinal herbs, and in more than 
190 plants of about 60 families. OA is mainly present in 
the form of root and rhizome saponins in plants from families 
such as Araliaceae, Cucurbitaceae, Asclepiaceae, and 
Ranunculaceae, while it is found in leaves and fruits from 
plants in Lepidaceae, Gentiana, Rubiaceae, Amaranthaceae, 

and Ranunculaceae.16 OA is a pentacyclic triterpenoid white 
crystalline powder that is odorless and tasteless. As early as 
1908, FB Powers isolated OA for the first time from the 
leaves of the mandarin plant Olea europaea L., and in 
1946, Ruzicka determined its structure.17 OA has multiple 
pharmacological functions such as being an antioxidant, anti- 
inflammatory, hepato-protective, and enhances the body’s 
immune defense systems.18–21 Although there are few stu-
dies demonstrating the effects of OA on mental status, it has 
been reported that sub-chronic OA treatment showed anti-
depressant-like effects due to increased serotonin, 5-hydro-
xyindoleacetic acid/5-HT ratio, and NE levels in the PFC, 
suggesting that OA may affect the catecholamine 
metabolism.22

In this study, we investigated the effects of OA in 
animal models of spontaneous withdrawal and naloxone- 
precipitated withdrawal, and evaluated the effects of OA 
on the acquisition, extinction, and reinstatement of mor-
phine-induced CPP.

Materials and Methods
Chemicals
OA (3β-hydroxyolean-12-en-28-oic acid) was purchased 
from Acetar Bio-tech Inc. (Shanxi, China). Clonidine 
hydrochloride tablets for treating addiction were purchased 
as a positive control drug from Changzhou Pharmaceutical 
Factory Co., Ltd. (Jiangsu, China).

The Jitai tablet consisting of 15 herbs was first prescribed 
by JitaiYang, a famous doctor in the Qing Dynasty and more 
recently has been approved by the China Food and Drug 
Administration for use in the clinical treatment of opiate 
addiction.23 Jitai tablets were purchased as a positive control 
drug of Traditional Chinese Medicine from Wuhan Ezhong 
Pharmaceutical Co., Ltd. (Hubei, China).24–26

OA, clonidine hydrochloride tablets, and Jitai tablets 
were all prepared as warm water suspensions. Morphine 
hydrochloride solution for injection was obtained from 
Shenyang No.1 Pharmaceutical Co., Ltd. of Northeast 
Pharmaceutical Group (Liaoning, China). Naloxone 
hydrochloride solution for injection was obtained from 
Beijing Kain Technology Co., Ltd. (Beijing, China). 
ELISA kits for DA, 5-HT, NE, and endorphin were all 
purchased from Shanghai Xitang Biotechnology Co., Ltd.

Animals
160 male SD rats (weighing 180–220 g), and 70 male NIH 
mice (weighing 18–22 g) were obtained from Guangdong 
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Medical Laboratory Animal Center and were housed under 
12 h: 12 h light-dark cycle at a constant temperature of 22 
±2 °C and 40%–50% humidity. All laboratory animals had 
ad libitum access to water and food. All treatments were 
carried out according to the Guangdong Institute of 
Traditional Chinese Medicine, Ethical Committee Acts.

Three classic models were applied to study the effect 
of OA on drug addiction, including spontaneous withdra-
wal test in rats, precipitated withdrawal test in rats and 
mice, and CPP study in mice. The specific experimental 
plan is as follows.

The Morphine-Dependent Rat Model 
(Spontaneous Withdrawal)
The morphine-dependent rat model was replicated from pre-
vious studies using the dose-escalation method.27,28 Seventy 
rats were randomly divided into 7 groups (I-VII) as shown in 
Figure 1. Group I was a normal control group where normal 
saline was injected subcutaneously (s.c.). Groups (II-VII) 
were all injected with morphine for 28 days. Each group 
was injected continuously for 28 days, and then the drug was 
stopped with withdrawal occurring spontaneously.

The morphine-dependent rat model (spontaneous with-
drawal): OA Treatment.

On the 29th day, morphine was stopped (spontaneous 
withdrawal), and each group was treated as shown in 
Figure 1. Each group was administered drug for 5 con-
secutive days. Two hours after treatment on the 1st day 
(d1), 3rd day (d3), and 5th day (d5), rats were scored for 
withdrawal responses, and weights were recorded.

Within a 30-minute period, rats were scored for wet 
dog shaking, stereotyped movements, standing, and jump-
ing. Rats were scored every 5 minutes to assess ptosis, 
irritation, tooth tremors and chewing, erect hair, abnormal 
posture, and shortness of breath. Symptoms of diarrhea, 
tearing, salivation, and runny nose were additionally 
scored once within 30 minutes.

Countable symptoms included wet dog shaking for 
1 minute/scoring session; stereotyped movements for 
0.5 minute/session; standing upright for 1 minute/session; 
jumping for 2 minutes/session.

Uncountable symptoms included abnormal posture (2 
points); vertical hair (1 point); tooth tremor (2 points); 
shortness of breath (3 points); ptosis (2 points); irritability 
(2 points).

Other symptoms included diarrhea-soft stool (4 points), 
irregular (8 points) or absent diarrhea (0 points); tearing- 
mild (1 point), obvious (2 points), or absent tearing (0 
points); runny nose-mild (1 point), obvious (2 points), or 
absent runny nose (0 points); salivation-mild (2 points), 
obvious (3 points), or absent salivation (0 points).

The sum of the above was the total score for the with-
drawal reaction.

Determination of 5-HT and DA in the blood of mor-
phine-dependent rats.

After d5 observations, blood draws were quickly taken, 
centrifuged by 3000 r/min at 4°C for 10 min, and the 
serum was taken for determination according to the 5-HT 
and DA kit instructions.

The Morphine-Dependent Rat Model 
(Naloxone-Precipitated Withdrawal)
Ninety rats were randomly divided into two groups: 10 rats 
in the control group and 80 rats in the morphine-dependent 
model group. Rats in the model group were treated as 
described above for groups II-IX (Figure 2). Injections of 
morphine hydrochloride were given every 12 hours (8:00 
am, 8:00 pm) at doses gradually increasing from 5 to 80 mg/ 
kg (s.c.) and continued until the 9th day. The injection 
volume was 0.2mL/100g. Rats in the control group were 
given normal saline. On the 10th day, study rats were admi-
nistered naloxone (4.0 mg/kg, intraperitoneally), and scored 
to measure the withdrawal response. Rats in the control 
group were injected with normal saline.29,30

Withdrawal symptoms score of morphine-dependent rats.
According to the improved Yanagi Koji score standard, 

rats were scored for the following withdrawal symptoms: 
abnormal posture (2 points); high irritability: touch (1 point), 

Figure 1 The morphine-dependent rat model (Spontaneous withdrawal) and treat-
ment of OA.
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close to each other (2 points); intentional tremor: intermit-
tent (1 point), continuous (2 points); Biting: intermittent (0.5 
points), continuous (1 point); irritability: mild (0.5 points), 
obvious (1 point); tears (4 Points); diarrhea: soft stools (4 
points), no shape (8 points); drooling: mild (1 point), 
obvious (2 points); weight loss: 2% (0 points), 2–4% (5 
points), 4–6% (10 points), 6–8% (15 points). Each with-
drawal symptom score was the sum of all symptom scores.31

The morphine-dependent rat model (Naloxone- 
precipitated withdrawal): OA treatment.

The rats in the morphine-dependent model group were 
divided and treated as shown in Figure 2. Each group was 
administered drug continuously for 5 days. Naloxone 
(4.0 mg/kg, intraperitoneally) was administered after 2 
hours of treatment on the 1st (d1), 3rd (d3), and 5th day 
(d3), and the withdrawal response of rats was observed 
within 30 min and body weight was recorded.

Determination of NE, 5-HT and endorphin in the PFC 
of rats.

The PFC was dissected, weighed, and sodium chloride 
solution (0.1 mol/L) was added followed by homogeniza-
tion to form a 10% homogenate. The homogenate was then 
centrifuged at 15000 r/min at 4°C for 30 minutes, and the 
supernatant was taken to measure the levels of NE, 5-HT, 
and endorphin by ELISA.

The Morphine-Dependent Mouse Model 
(Naloxone-Precipitated): OA Treatment
70 mice were randomly divided into 7 groups according to 
their body weight. Groups included a normal control group, 
model control group, clonidine group, Jitai tablet group, and 

the OA high, medium, and low-dose groups as described 
above.

The normal control group was injected with an equal 
volume of 0.9% sodium chloride for 6 consecutive days. 
Mice in the other groups were injected with morphine as 
shown in Figure 3. At the same time, OA were adminis-
tered as described above. 45 minutes after the last admin-
istration, mice were injected with naloxone (6 mg/kg, 
intraperitoneally). The number of jumping reactions within 
30 minutes was measured, and the changes in body weight 
1h before and after the jumping reaction were 
compared.32,33 Weight loss = weight of mice before nalox-
one injection-weight of mice after jumping response.

Conditioned Place Preference (CPP) 
Analysis
The light and dark box device for mice was made by the 
Institute of Materia Medica, Chinese Academy of Medical 
Sciences. The experimental device consisted of two con-
nected light and dark cells. 1/2 was a light room, 1/2 was 
a dark room, and there was a partition in the middle to 
separate the light and dark rooms. The mice could move 
freely between the light and dark rooms. The inside and 
outside walls of the dark box were black with a soft blanket 
floor, and the inside and outside walls of the bright box were 
white with as mooth floor. The whole experiment box had 
both visual and tactile cues. When the morphine-dependent 
studies had been completed, all of the mice were placed in the 
CPP apparatus for a period of 900s daily with the guillotine 
doors open. This schedule was repeated for 7 days to elim-
inate morphine dependency. Utilizing this system, extinction 
of place preference is acquired when the difference between 
the time spent in the white compartment in the extinction 
phase and pre-conditioning phase is not significant.

Figure 2 The morphine-dependent rat model (Naloxone-precipitated withdrawal) 
and treatment of OA.

Figure 3 The morphine-dependent mouse model (Naloxone-precipitated with-
drawal) and treatment of OA.
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Establishment of the CPP model was divided into three 
stages: a pre-test period (natural preference test stage), 
conditional training period, and CPP test period 
(Figure 4).34,35

(1) Pre-test period: the mice were kept adaptively in 
the animal laboratory for 2 days. On the third day, the mice 
were placed in the middle of the light and dark box device 
and the residence time of mice in each box was observed 
one by one for 15 minutes. The observation process was 
conducted under sound proof conditions. Throughout the 
experiments, the mice were offered food and water ad 
libitum. Mice with a significant preference for one side 
of the box were eliminated to exclude the effect of uncon-
ditional positional preference on the results. Because the 
results showed that almost all mice preferred the black 
box, the white box was regarded as the non-preferred side.

(2) Conditional training period: mice that met the 
experimental conditions were randomly divided into 7 
groups as described previously. In addition to the normal 
control group, mice in each group were injected with 
10 mg/kg morphine hydrochloride and saline every day 
(s.c.), all of which were injected for 6 hours at intervals of 
5 days. After morphine injection, they were placed in the 
non-preferred side of the white box. By contrast, mice 
which were injected with saline were placed in the pre-
ferred side of the black box. Before morphine injection, 
mice in each group were administered OA for 30 minutes, 
and the normal control group and model control group 
were administered intragastrically with an equal volume 
of distilled water.

(3) CPP test period: 24 hours after the last drug injec-
tion, the CPP test was performed. The test process was the 
same as the observation process in the pre-test phase.

Extinction of place preference

After the post-conditioning phase, some groups of mice 
were also placed in the CPP apparatus for a period of 900 
s daily with the guillotine doors open. The schedule was 
repeated for 7 days to eliminate morphine dependency.34

Determination of DA in the blood of morphine- 
dependent mice

After the CPP test, blood was quickly drawn into 4% 
EDTA-2Na, centrifuged at 3000 r/min at 4°C for 10 min, 
and the serum was taken for ELISA analysis of DA 
content.

Statistical Analysis
All measurement data are expressed as mean ± SEM. One- 
way analysis of variance (ANOVA) was used for data 
analysis in SPSS 20.0, with p<0.05 considered significant, 
followed by Tukey’s post-hoc tests.

Results
Therapeutic Effect of OA on Spontaneous 
Withdrawal Symptoms in Morphine 
Dependent Rats
Figure 5 displays a comparison of spontaneous withdrawal 
scores on d1 [F(1,18)=3316.71, P<0.01], d3[F(1,18) 

=3011.32, P<0.01], and d5[F(1,18)=2829.11, P<0.01] 
which were all significantly increased compared to the 
control group. Compared to the model control group, the 
spontaneous withdrawal scores at d1, d3, and d5 were 
significantly reduced in the OA-treated groups. 
Compared with the clonidine group, spontaneous withdra-
wal scores of the middle-dose group of OA on d3[F(1,18) 

=21.32, P<0.01] and d5[F(1,18)=35.03, P<0.01] were sig-
nificantly reduced. Compared with the Jitai group, sponta-
neous withdrawal scores of the middle-dose group of OA 

Figure 4 The experimental steps of CPP.

Figure 5 Effect of OA on spontaneous withdrawal score of morphine dependent 
rats, presented as mean ± SEM. 2h after treatment on the 1st (d1), 3rd (d3), and 
5th day (d5). **P<0.01 significant differences compared with the normal control 
group. ##P<0.01 compared with the model group. ∆∆P<0.01 compared with the 
clonidine group. ☆☆P<0.01 compared with the Jitai group.
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on d3 [F(1,18)=24.30, P<0.01] and d5[F(1,18)=40.12, 
P<0.01] was also significantly reduced.

Body weight of morphine-dependent rats before admin-
istration of OA was significantly [F(1,68)=84.74, P<0.01] 
reduced compared to the normal control group (Figure 6), 
but the weight of morphine-dependent rats was the same 
[maximum F(1, 18)=0.86, NS]. Compared with the normal 
control group, body weights of the d1[F(1,18)=27.74, 
P<0.01], d3[F(1,18)=24.70, P<0.01], and d5[F(1,18)=22.69, 
P<0.01] model control groups were all significantly reduced. 
Compared to the model control group, the weight on 
d1[F(1,18)=15.54, P<0.01], d3[F(1,18)=17.43, P<0.01], and 
d5[F(1,18)=18.46, P<0.01] all increased significantly in the 
high-dose groups. The weight on d1[Mid:F(1,18)=4.95, 
P<0.05;Low:F(1,18)=4.82, P<0.05] and d3[Mid:F(1,18) 

=4.12, P<0.05; Low:F(1,18)=6.01, P<0.05] increased signifi-
cantly in both the mid and low-dose groups. The weight on 
d5 increased significantly in both the mid and low-dose 
groups. Compared with the clonidine group, body weights 
in the high, middle, and low dose OA groups were not 
significantly different [High:F(1,18)=3.72, P>0.05; 
Mid:F(1,18)=2.89, P>0.05;Low:F(1,18)=2.15, P>0.05]. 
Compared with the Jitai group, the weights of rats in the 
high, middle, and low OA dose groups on d1, d3, and d5 all 
increased, but not significantly (Figure 6, P>0.05).

Figure 7 compares serum 5-HT and DA content. 
Compared with the normal control group, the serum levels 
of 5-HT [F(1,18)=3893.47, P<0.01] and DA [F(1,18)= 
3997.36, P<0.01] in the model control group increased 
significantly. However, compared with the model control 
group, the serum 5-HT and DA levels of rats in the OA high 
[5-HT:F(1,18)=904.51, P<0.01;DA:F(1,18)=948.11, P<0.01], 
medium [5-HT: F(1,18)= 927.87, P<0.01; DA:F(1,18) 

=902.69, P<0.01] and low [5-HT:F(1,18)=885.14, P<0.01; 
DA:F(1,18)=897.45, P<0.01] dose groups were all signifi-
cantly reduced. Compared with the clonidine group, there 
was no significant differences in serum 5-HT or DA levels 
in any OA group (Figure 7, P>0.05). Compared with the 
Jitai group, the serum DA content in the OA high [F(1,18) 

=12.16, P<0.01], medium [F(1,18)=9.45, P<0.01] and low- 
dose groups [Mid:F(1,18)=4.92, P<0.05] were significantly 
reduced, while the 5-HT content was slightly reduced in all 
OA groups [maximum F(1, 18)=3.71, NS].

Therapeutic and Dose-Effect Relationship 
of OA on Withdrawal Symptoms in 
Morphine Dependent Rats 
(Naloxone-Precipitated)
As shown in Figure 8, withdrawal scores before OA 
administration were significantly increased compared 
with the normal control group [F(1,18)=1389.92, P<0.01]. 

Figure 6 Effect of OA on the weight of spontaneous withdrawal morphine- 
dependent rats, presented as mean ± SEM. 2h after treatment on the 1st (d1), 
3rd (d3), and 5thday (d5). “Before” means before administration of OA. **P<0.01 
significant differences compared with the normal control group. #P<0.05, ##P<0.01 
compared with the model group.

Figure 7 Effect of OA on serum 5-HT and DA levels in morphine-dependent rats 
with spontaneous withdrawal, presented as mean ± SEM. **P<0.01 significant 
differences compared with the normal control group. ##P<0.01 compared with 
the model group. ∆P<0.05 compared with the clonidine group. ☆P<0.05, 
☆☆P<0.01 compared with the Jitai group.

Figure 8 Effect of OA on withdrawal score of morphine dependent rats, presented 
as mean ± SEM. 2h after treatment on the 1st (d1), 3rd (d3), and 5th day (d5). 
“Before” means before administration of OA. **P<0.01 significant differences com-
pared with the normal control group. #P<0.05, ##P<0.01 compared with the model 
group. ∆P<0.05, ∆∆P<0.01 compared with the clonidine group. ☆P<0.05, ☆☆P<0.01 
compared with theJitai group.
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There was also no significant difference of withdrawal 
scores before administration compared with the model 
control group [maximum F(1,18)=0.84, NS].

After OA administrated as shown in Figure 8, on d1, 
d3, and d5, model control groups still have significantly 
higher withdrawal scores compared to the normal control 
group [d1:F(1,18)=1281.28, P<0.01; d3:F(1,18)=912.47, 
P<0.01; d5:F(1,18)= 748.59, P<0.01]. The withdrawal 
scores of the OA groups (Hyper-28.0; High-14.0; 
Mid:7.0; Low-3.5) were all significantly reduced com-
pared to the model control group [minimum F(1, 18) 

=48.07, P<0.01], and the withdrawal scores of the OA 
(Ultra low-1.75) groups were significantly reduced on d1 
[F(1,18)=58.96, P<0.01], d3 [F(1,18)=48.48, P<0.01], and 
d5[F(1,18)=5.32, P<0.01] stages.

Compared with the clonidine group, the withdrawal 
scores in all OA groups on d1 were all significantly increased 
[minimum F(1,18)=12.09, P<0.01]. The withdrawal scores of 
the ultra-low OA group were significantly increased on d3 
and d5[d3:F(1, 18)=5.12, P<0.05; d5:F(1,18)=15.46, P<0.01], 
but there was no significant difference in either hyper or high 
dose groups [maximum F(1,18)=2.62, NS].

Compared with the Jitai group, the withdrawal scores of 
the hyper (28.0) OA groups were significantly decreased on 
d1 and d3 [d1:F(1,18)=23.30, P<0.01; d3:F(1, 18)=6.90, 
P<0.05]. The withdrawal scores of the high (14.0) OA groups 
were significantly decreased and 1 [F(1, 18)=5.91, P<0.05].

Compared to controls, the NE and 5-HT content was 
increased significantly in the model control group (Table 1) 
[NE:F(1,18)=386.24, P<0.01; 5-HT:F(1,18)=261.25, P<0.01], 
but the endorphin content was significantly reduced in all 

groups [minimumF(1,18)= 36.45, P<0.01]. Compared with 
the model control group, the content of NE and 5-HT in 
the hyper-, high-, medium-, and low-dose groups of OA was 
significantly lower [minimum F(1,18)=17.59, P<0.01], and 
the endorphin content was significantly higher [minimum 
F(1,18)=31.44, P<0.01]. The content of NE and 5-HT in the 
ultra low-dose OA groups was significantly lower 
[NE:F(1,18)=42.29, P<0.01; 5-HT:F(1,18)=7.36, P<0.05].

Compared with the clonidine group, the NE content in 
the low- and ultra-low OA dose groups was significantly 
higher [Low:F(1,18)=19.33, P<0.01; Ultra-low:F(1,18)= 
6.09, P<0.05], but there was no significant difference in 
the other groups [maximum F(1,18)=2.07, NS]. Compared 
with the Jitai group, the NE content was significantly 
reduced in the hyper-[F(1,18)=32.18, P<0.01], high-[F(1,18) 

=7.78, P<0.05] and medium- groups [F(1,18)=7.78, 
P<0.05], but there was no significant difference in the 
other groups [maximum F(1,18)=3.92, NS].

Therapeutic Effect of OA on Withdrawal 
Symptoms in Morphine Dependent Mice 
(Naloxone-Precipitated)
Table 2 displays the number of jumping reactions and weight 
loss for each group. Compared to normal controls, jumping 
increased significantly [F(1,18)=1621.54, P <0.01], and weight 
decreased significantly in model group [F(1,18)=115.28, 
P<0.01].

Compared with the model control group, the jumping 
reactions were significantly lower in the OA high-, med-
ium-, and low-dose groups [minimumF(1,18)=23.78, 
P<0.01], and the weight was increased significantly 
[minimumF(1,18)=25.83, P<0.01].

Table 1 The Effect of OA on the Content of NE, 5-HT and 
Endorphin in the Frontal Cortex of Morphine-Dependent Rats

Groups NE 5-HT Endorphin

ng/mg ng/mg ng/mg

Normal control 0.46±0.04 0.42±0.08 0.13±0.01
Model 1.98±0.09** 1.74±0.15** 0.06±0.01**

Clonidine 0.73±0.09## 0.97±0.11## 0.11±0.01##

Jitai Tablet 1.29±0.10##∆ 1.30±0.12# 0.10±0.01##

OA-hyper(28.0) 0.69±0.08##☆☆ 0.97±0.07## 0.11±0.01##

OA-high(14.0) 1.00±0.10##☆ 1.09±0.12## 0.10±0.01##

OA-Mid(7.0) 0.83±0.05##☆☆ 1.06±0.13## 0.11±0.01##

OA-Low(3.5) 1.30±0.09##∆∆ 1.12±0.15## 0.10±0.01##

OA-ultralow(1.75) 1.50±0.11##∆∆ 1.40±0.15# 0.10±0.01##

Notes: **P<0.01 significant differences compared with normal control group. 
#P<0.05, ##P<0.01 compared with model group. ∆P<0.05, ∆∆P<0.01 compared 
with Clonidine group. ☆P<0.05, ☆☆P<0.01 compared with Jitai Tablet.

Table 2 Effect of OA on the Withdrawal of Morphine 
Dependent Mice

Groups Times of Jump Response 
(Times)

Weight Loss (g)

Normal control 2.20±0.25 0.20±0.03

Model 48.00±2.99** 0.89±0.04**
Clonidine 40.00±2.50# 0.53±0.04##

Jitai Tablet 40.00±1.94# 0.57±0.03##

OA-high(20) 31.00±2.54##∆∆☆☆ 0.36±0.03##∆∆☆☆

OA-Mid(10) 32.60±2.32##∆∆☆☆ 0.49±0.03##

OA-Low(5) 37.80±2.27## 0.53±0.03##

Notes: **P<0.01 significant differences compared with normal control group. 
#P<0.05, ##P<0.01 compared with model group. ∆∆P<0.01 compared with 
Clonidine group. ☆☆P<0.01 compared with Jitai Tablet.

Drug Design, Development and Therapy 2021:15                                                                             https://doi.org/10.2147/DDDT.S326583                                                                                                                                                                                                                       

DovePress                                                                                                                       
3691

Dovepress                                                                                                                                                               Shi et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Compared with the clonidine group, the jumping reac-
tions in the OA high- and medium-dose groups were 
significantly lower [minimumF(1,18)=67.98, P<0.01], and 
the weight was increased significantly [F(1,18)=138.22, 
P<0.01].

Compared with the Jitai group, the number of jump 
reactions from mice in the OA high and medium-dose 
group were significantly lower [minimumF(1,18)=65.78, 
P<0.01], and the weight was also significantly increased 
[F(1, 18)=186.18, P<0.01].

Effect of OA on the Acquisition of 
Morphine-Induced CPP
As shown in Table 3, compared with the normal control 
group, the model control group mice spent a significantly 
longer time in the white box [F(1,18)=135.76, P<0.01], and 
had significantly higher levels of serum DA [F(1,18)=963.22, 
P<0.01].

Compared with the model control group, the OA-high, - 
medium, and-low dose groups spent significantly less time in 
the white box [High:F(1,18)=79.18, P<0.01; Mid:F(1,18) 

=81.76, P<0.01; Low:F(1,18)=7.54, P<0.05], and had lower 
levels of serum DA[minimumF(1,18)=104.78, P<0.01].

Compared with the clonidine group, the serum DA 
level of mice in the OA low-dose group was signifi-
cantly higher [F(1,18)=111.29, P <0.01], and the mice 
spent significantly longer in the white box [F(1,18) 

=5.43, P<0.05].
Compared with the Jitai group, the OA high, medium, 

and low-dose groups had significantly lower serum DA 
levels [minimumF(1,18)=50.77, P<0.01]. TheOA-high and 
medium-dose groups also spent less time in the white 

compartment [High:F(1,18)= 5.59, P<0.05; Mid:F(1,18) 

=23.76, P<0.01].

Discussion
Various animal behavior paradigms have been used to study 
neuronal substrates related to addiction, especially euphoria 
and reward, including self-stimulation, self-administration, 
and conditional position preference models.2

There are three general experimental models for eval-
uating physical dependence on opioids, including the 
spontaneous withdrawal test, precipitated withdrawal test 
and substitution test.31,36

The spontaneous withdrawal experiment refers to the 
administration of experimental animals (large, mouse and 
monkey) for a continuous period of time. The morphine is 
gradually increased to a certain dose and stabilized for 
a period of time. When the administration is suddenly 
interrupted, withdrawal signs are then observed.37 In the 
precipitated withdrawal experiment, the morphine is admi-
nistered to the animal in a larger dose and multiple incre-
ments in a short period of time, and then an opioid 
antagonist such as naloxone is given to urge the animal 
to precipitate a withdrawal response. The onset of symp-
toms in precipitated withdrawal test is rapid, severe and 
typical, and the duration is short, which is convenient for 
observation and comparison.31 Mice often die due to the 
long cycle of morphine injection, so the injection method 
is generally used in rats to form a spontaneous withdrawal 
dependence model of opioids such as morphine. However, 
the precipitated withdrawal model can be achieved by 
injecting morphine into rats or mice.30,36

Weight loss in the rat spontaneous withdrawal model is 
widely selected as an evaluation indicator of physical depen-
dence, which is relatively objective and quantitatively accu-
rate. Other comprehensive scoring indicators were 
supplemented for evaluation.36 In the precipitated withdra-
wal test, the jumping reaction and weight loss of mice are the 
most objective, which is convenient for quantitative observa-
tion and statistical processing, so both of them are usually 
selected as the index of withdrawal symptoms. In addition to 
choosing the objective indicator of weight loss, agitation is 
a specific indicator of the rat’s withdrawal response, so the 
modified Yanagi Koji score standard was also selected for 
comprehensive score comparison.29,30

The OA dose range in our study was estimated based 
on the relative composition of OA in organic extracts. This 
was compared to literature doses resulting in sedation, 
analgesia, and anti-inflammatory activities in mice.38–40

Table 3 Effect of OA on the Acquisition of Morphine-Induced 
CPP

Groups Time in the White 
Compartment

DA

(s) (ng/mL)

Normal control 391.12±16.44 67.63±3.01

Model 571.47±15.82** 196.11±8.14**
Clonidine 449.40±22.62## 88.85±10.27##

Jitai Tablet 492.02±17.06# 149.69±10.40##

OA-high(20) 455.89±29.11##☆ 99.92±5.41##☆☆

OA- Mid(10) 439.54±26.36##☆☆ 84.55±8.89##☆☆

OA- Low(5) 508.61±28.81#∆ 118.68±10.68##∆∆☆☆

Notes: **P<0.01 significant differences compared with normal control group. 
#P<0.05, ##P<0.01 compared with model group. ∆P<0.05, ∆∆P<0.01 compared 
with Clonidine group. ☆P<0.05, ☆☆P<0.01 compared with Jitai Tablet.
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We studied the pharmacological effects of OA in four 
morphine-induced animal models, 2 in rats and 2 in mice. 
Firstly, we evaluated the improvement of withdrawal 
symptoms of OA after long-term morphine administration 
in rats. The results showed that on the 1, 3, and 5 days 
after taking OA, the spontaneous withdrawal symptoms 
were improved including the reduction of diarrhea and 
salivation, and the significant increase in body weight.

Then, we administered OA while giving morphine 
acutely to induce addiction in rats, and observed the effect 
of OA on improving the signs of naloxone-precipitated 
withdrawal. The results showed that the withdrawal scores 
of rats after taking OA decreased, indicating that OA may 
be able to combat morphine addiction. Thereafter, we 
repeated the administration of OA while morphine induced 
addiction acutely in mice, and obtained consistent experi-
mental results which included reductions in the number of 
jumping reactions and weight increases in mice. This is 
because administration of the µ-opioid receptor antagonist 
naloxone (in the absence of exogenous opioids) leads to 
a dramatic increase in firing frequency of these neurons.41 

Moreover, chronic morphine exposure potentiates such 
naloxone-precipitated excitation.42

The CPP model is also a classic model for judging the 
improvement of animal addiction and withdrawal 
symptoms.34,35,43 Therefore, we further investigated the 
effect of OA using the CPP model in morphine-induced 
mouse. Accordingly, results showed that OA significantly 
reduced the residence time of mice in the white box at 
different doses, suggesting that OA can significantly 
reduce the dependence of mice to morphine.

Although the nerve nuclei and neural pathways related 
to drug addiction and relapse in the CNS are very com-
plex, the midbrain cortex DA system is the most closely 
related regulatory pathway related to addiction and 
relapse.44 The core brain area of this pathway includes 
the midbrain ventral tegmental area where the dopaminer-
gic neuron inclusions are located and its dopaminergic 
nerve fibers innervate the brain area—PFC, NAc and 
other key structures.45,46

In addition to severe neurological and physical symp-
toms, the withdrawal syndrome associated with opiate 
dependence also involves important subjective reactions, 
including anxiety, anhedonia, depression, and drug 
cravings.47 After the physical symptoms of opioid withdra-
wal have disappeared, controlling and eliminating the long- 
standing subjective symptoms has been the main obstacle to 
the successful treatment of opioid dependence.48

Drug addiction involves various systems throughout 
the body, including DA, 5-HT, NE, acetylcholine, and 
histamine.13 Drug abuse is attributed to the excessive 
activation of the midbrain limbic DA system, which 
stimulates 5-HT and DA neurons. This system plays 
a vital role in mediating the active enhancement of 
opioids.49 Glutamatergic projections from the PFC and 
amygdala to the midbrain limbic reward pathway play 
a role in regulating DA neurons.50 When one becomes 
dependent on drugs, the synthesis of endogenous opioid 
peptides decreases and degradation increases.51 When in 
the withdrawal state, the activity and discharge of the 
central locus coeruleus (LC) and other parts of the blue 
nucleus increase, thereby promoting the synthesis and 
release of NE, DA and 5-HT, leading to acute withdra-
wal symptoms in the body.52

The latest research shows that orexinergic neurons 
innervate various brain structures, among which LC and 
lateral paragiant cell (LPGi) nuclei are recognized as two 
key mediators of opiate dependence and tolerance. Orexin- 
A and -B neuropeptides are only synthesized in hypotha-
lamic neurons.53 Many studies support that the orexin 
system is involved in mediating the effects of opioids by 
affecting the OX1Rs in LC and LPGi. There is an ample of 
evidence suggesting that withdrawal-induced hyperactivity 
of LC neurons plays a remarkable role in the expression of 
opioid withdrawal symptoms.54

Further reports have shown that orexin neurons are 
inhibited by 5-HT neurons, primarily via 5-HT, in both 
direct and indirect manners.55 Moreover, it has been 
shown that both Orexin-A and Orexin-B can inhibit the 
hypothalamic release of 5-HT, suggested that the feeding 
stimulating effects of the orexins could be mediated in part 
by an acute reduction of the anorectic serotonergic inputs 
to the hypothalamus.56

In this study, we used the double antibody sandwich 
method to determine the contents of 5-HT, DA, NE and 
serotonin in the serum or brain tissue of rats and mice. We 
found that while significantly reducing the spontaneous 
withdrawal symptoms of morphine-dependent rats, the 
serum 5-HT and DA levels also decreased to varying 
degrees. OA can significantly reduce the levels of NE 
and 5-HT in the PFC of rats with acute morphine addic-
tion, and increase the content of endorphins. OA also 
significantly reduced the serum DA levels in mice, which 
is consistent with the results of previous rat withdrawal 
experiments.
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As mentioned above, when in a withdrawal state, the 
activity and discharge of neurons in the center of the LC 
and other parts of the blue nucleus increase, thereby pro-
moting the synthesis and release of NE, DA and 5-HT 
which leading to acute withdrawal symptoms. After taking 
OA, the synthesis and release of NE, DA, 5-HT are 
reduced, which promoted a significant improvement in 
withdrawal symptoms. Furthermore, the negative feedback 
of 5-HT affects the stimulating effect of orexin and 
reduces the discharge activity of LC, which may be 
a mechanism central to improving withdrawal symptoms.

There is also evidence that NMDA antagonists such as 
AP-5, MK-801 and memantine can prevent the acquisition 
of morphine-induced CPP and sensitivity to the beneficial 
effects of morphine.57,58 OA attenuates the schizophrenia- 
like behaviors induced by MK-801 in mice, indicating that 
it may play a role in the treatment of drug addiction 
although further verification is needed.59

Altogether, our findings showed that OA has various 
effects related to alleviating withdrawal symptoms, 
improving neurotransmitter levels, and reducing weight 
loss. This suggests OA may eventually play a role in the 
clinical treatment of drug addiction. However, although 
OA exhibits beneficial therapeutic effects on detoxification 
syndrome, the mechanisms involved clearly need further 
study. For instance, we have not reported classical dose– 
response relationships in all 4 models when assessing 
study endpoints, and for certain assays only single doses 
were effective. Furthermore, we cannot exclude possible 
side effects related to drug-drug interactions.

Conclusion
Our study established that OA can improve the withdrawal 
symptoms of rats and mice, reduce the residence time of 
mice in the white box at different doses, and reduce the 
synthesis and release of NE, DA, and 5-HT, suggesting 
that OA may be useful in treatment of morphine addiction.
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