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Abstract

Anxiety disorder is a common mental disorder. It is necessary to establish a
rapid, stable and specific anxiety model to provide a theoretical basis for fur-
ther research on the pathogenesis of anxiety and drug development. A single
intraperitoneal injection of m-chlorophenylpipera-zine (mCPP) (1, 2, 4 mg/kg)
was given to male ICR mice to establish an anxiety model, and the effects of
mCPP on anxiety behavior, pain, athletic ability, passive avoidance response
ability and depressive behavior of male ICR mice were evaluated. A single in-
traperitoneal injection of mCPP shortened the time in open arms and de-
creased the percentage of time in open arms of mice in the elevated plus-maze
test. mCPP also shortened center zone distance and reduced the number of
entries to the central zone in the open field test. Moreover, mCPP reduced
head-dip counts and increased the head-dip latency of mice in the hole-board
test. After being administrated with a single intraperitoneal injection of
mCPP for 24h, the mice showed no significant difference in the entry into the
light side and the percentage of time in the light side of the light-dark box
test. A single intraperitoneal injection of mCPP had no effects on tail flick la-
tency, rotating time, number of errors and the step-down latency, the immo-
bility time of mice in the tail-flick test, rotarod test, step-down test and TST
respectively. In conclusion, we established a rapid and stable anxiety mouse
model by single intraperitoneal injection of mCPP.
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1. Introduction

Anxiety disorders seriously affect the physical, psychological and social func-
tions of patients, and increase the total burden of disease in the world. The prev-
alence of anxiety is estimated to be 18% among adults, with a lifetime prevalence
of more than 28% [1] [2] [3]. The World Health Organization ranks anxiety dis-
orders as the sixth largest contributor to global disability. Existing drugs for the
treatment of anxiety have a variety of adverse reactions, such as dependence and
withdrawal. Therefore, there are no ideal therapeutic drugs in the clinic at pre-
sent. It is an important research direction to find new drug targets and explore
drugs with higher safety. It is necessary to establish a rapid, stable and specific
anxiety model to provide tools for drug research and development.

Anxiety animal models mainly include stress-induced models and chemical
drug-induced models. Models induced by stress mainly include exposure to
predators [4], maternal deprivation [5], social defeat [6], restraint stress [7],
chronic unpredictable mild stress (CUMS) [8], empty bottle stress [9], foot
shock [10], etc. This kind of model has some shortcomings, such as poor speci-
ficity, time-consuming, requirement on laboratory conditions and poor repro-
ducibility. Models induced by chemicals are short in time and easy to operate.
Drugs that can cause anxious behavior include corticosterone [11], caffeine [12],
m-chlorophenylpipera-zine (mCPP) [13], etc. Caffeine has side effects that can
affect the central nervous system [14]. Although corticosterone is widely used, it
can cause anxiety and depression, and the specificity of this model is poor. In
addition, the anxiety animal models also include gene knockout models NCS-1
gene knockout, and PRNP gene knockout induce anxiety behavior in mice [15]
[16]. At present, there are few studies on gene knockout models, and further
studies are needed.

mCPP is a commonly used chemical drug to establish an anxiety model
[17]-[23]. mCPP-induced anxiety is an excellent animal model with a short time,
simple operation and high success rate. However, there is no research to evaluate
whether the model induced by mCPP only causes anxiety in mice without other
behaviors.

In order to investigate whether mCPP only causes anxiety behavior, but does
not affect pain, athletic ability, ability of learning and memory, and depressive
behavior, after a single intraperitoneal injection of mCPP, we employed the ele-
vated plus-maze (EPM), light-dark box (LDB), open field box (OFT) and hole-
board test (HBT) to observe the degree of anxiety in mice. And the pain, athletic
ability, passive avoidance response ability, and depression behavior of mice were
measured by the tail-flick test, rotarod test, step-down test and tail suspension
test (TST) respectively. Based on the above experiments, we found m-CPP mod-

el is a specific anxiety model.

2. Materials and Instruments
2.1. Animal

30 SPF grade 6-week-old male ICR mice, a total of 30 purchased from Beijing
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Weitong Lihua Company, license number: SCXK (Jing) 2016-0006 and raised in
the Experimental Center of Shandong University of Traditional Chinese Medi-
cine. During the experiment, there were 6 animals in each cage, the temperature
was maintained at 22°C £ 2°C, the humidity was maintained at 50% - 60%, the
black and white cycle was 12 hours, and the food was free. Before the experi-
ment, all mice were acclimatized to the experimental environment for 6 days. All
animal experiments were reviewed and approved by the ethics committee of

Shandong University of Traditional Chinese Medicine.

2.2. Drugs

mCPP (sigma, 125180-5G) was dissolved in saline to make 0.4 mg/mL. Take an
appropriate amount of solution and dilute it to the required concentration.

2.3. Apparatus

Elevated plus-maze experiment system, Light-dark box experiment system, Open
field experiment system, Super Maze analysis system, SuperTST analysis system
(Shanghai Xin Ruan Information Technology Co., Ltd.), RotaRod (ugo basile,
47650), Tail Flick (Chengdu Taimeng Technology Co., Ltd, SW-200), Step-down
recorder (Jinan Yiyan Technology Development Co., Ltd, YLS-3TB), Tail sus-
pension box (Xmaze, XR-XX203).

3. Experimental Method

3.1. Animal Screening

After adaptive feeding for a week, 6-week-old male ICR mice were observed for
the general conditions of all animals, and the autonomous activity experiment
was conducted. According to the results of the autonomous activity experiment
and the body weight of the mice, 24 mice were selected for the experiment.

3.2. Experimental Grouping and Administration

Twenty-four 6-week male ICR mice were randomly divided into four groups by
body weight and total motion distance detected by autonomic mobility, namely
the control group (C), the mCPP low-dose group (L, 1 mg/kg), the mCPP me-
dium-dose group (M, 2 mg/kg), and the mCPP high-dose group (H, 4 mg/kg),
with 6 in each group. A single intraperitoneal injection of mCPP was adminis-
tered with a volume of 0.1 mL/10g. The control group was given 0.9% sodium
chloride injection, and a behavioral test was performed 30 minutes after a single
intraperitoneal injection. The specific animal grouping and dosage are shown in
the following table.

3.3. Experiment Process

After adaptive rearing for one week, mice were screened for autonomous activi-
ty. Except for the LDB, all behavioral experiments were performed 30 minutes
after injected with mCPP. The specific experimental procedure was conducted as

follows (Figure 1).
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Figure 1. Experimental procedure of a mouse model of anxiety induced by a single intraperitoneal injection of mCPP.

4. Behavioral Evaluation

4.1. Effects of Single Intraperitoneal Injection of mCPP on Anxiety

Behavior in Mice

4.1.1. Elevated Plus-Maze

EPM was conducted 30 min after a single intraperitoneal injection of mCPP. In
this study, the anxiety state of animals was measured by using the conflicted be-
havior of exploring the new environment and the fear of hanging open arms.
SuperMaze software was used to collect and analyze the behavior of mice. The
mice were placed in the center of the central platform with their heads facing the
open arms, and the following indicators within 5 minutes after release: 1) Num-
ber of open arms entries (OE); 2) Time in open arms (OT); 3) Number of close
arms entries (CE); 4) Time in close arms (CT). Based on the above indexes, the
following results can be obtained: 1) Entries to open arms/total arms (%):
OE/(OE + CE) x 100%; 2) Time in open arms/total arms (%): OT/(OT + CT) x
100%. Animals with lower anxiety levels were more likely to explore the open
arm, so in the EPM, the higher the percentage of open arm entry and open arm

time, the less anxious the animal was at present.

4.1.2. Light-Dark Box

This experiment was carried out 24h after single intraperitoneal injection of
mCPP before the EPM. Use SuperMaze software to collect and analyze the be-
havior of mice. Mice were put in the light box, pulled out the insert in the mid-
dle of the light and dark box. We recorded behavioral indicators of the mouse
within 5 minutes. At the end of each test, the device was wiped with 75% alco-
hol. Observation indexes were: 1) The number of entrances in the light box; 2)
Time spent in light box (%): Time spent in light box/total area x 100%. When
the mouse is less anxious, the time and frequency of exploring the bright box
will be longer. On the contrary, when the mouse was more anxious, it tended to

move in the dark box.

4.1.3. Open Field Box
OFT was conducted 30 min after single intraperitoneal injection of mCPP. We

used SuperMaze software to collect and analyze the behavior of mice. The open
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field box (50 cm x 50 cm x 50 cm) was divided into 9 grids on average. Mice
were placed in the center grid of the box, and motion state of the mice was
tracked and recorded for 5min under normal light. Before the detection of the
next mice, the chamber was cleaned with 75% ethanol to completely remove the
odor left by the previous mice. The main indicators collected in the experiment
are total distance (m), center zone distance (dm), number of entries to central
zone. The less the mice enter the central area, the shorter the residence time in
the central area, and the shorter the distance to the central area, the more anxie-
ty the mice have. The fewer times the mice entered the central area and the fewer

the distances in the central area, the more anxious mice were.

4.1.4. Hole-Board Test

HBT was conducted 30 min after single intraperitoneal injection of mCPP. The
instrument is assembled by putting a plastic plate with 16 holes in the box (50
cm x 50 cm x 50 cm). The HBT was based on the nature of mice to explore
caves, using novelty and fear to control the animal's behavior under new envi-
ronment, and avoiding to reflect the effects of these two factors. The movement of
the mice was recorded for five minutes, and the chamber. Observe the head-dip
counts and head-dip latency of mice. The decrease of head-dip counts and the
increase of head-dip latency indicated anxious behavior in mice.

4.2. Effects of Single Intraperitoneal Injection of mCPP on the
Athletic Ability of Mice

Rotarod tests require animals to maintain balance and continuous movement on
a rotating roller. Mice with dyskinesias or poor coordination will fall down fast-
er. The fall time of the mice is statistically analyzed to evaluate the exercise ath-
letic ability of the mice. The shorter the mice persist on the rotarod, the worse
the coordination ability of their exercises. The day before the experiment, mice
were placed on the rotarod for regular rotarod training. The mice were adapted
to the rotarod for 30 seconds. After the mice were stable, the rod rotator was
started, and the rotation speed was set at 10 r/min.

The rotarod test was conducted 30 min after a single intraperitoneal injection
of mCPP. In the formal experiment, we placed the mice that had undergone
conventional rotarod training on the rotarod with a constant speed of 25 r/min,
recorded time the mouse stayed on the rotarod, dropped or grasped the rotarod
and followed the rotarod to rotate three times all regarded as the end of the ex-
periment. The rotation time was set to 300 seconds to ensure that the difference
in the exercise balance ability between the mice was displayed without causing
fatigue damage to the mice. Each mouse performed 3 rotarod tests with an in-
terval of 30 minutes each time, the final experimental result was the average of

three experiments.

4.3. Effects of Single Intraperitoneal Injection of mCPP on the Pain
Sensation of Mice

Tail-flick test was conducted 30 min after a single intraperitoneal injection of
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mCPP. The time of tail-flick response in mice was regarded as the indicator of
pain response. The light intensity of the mice tail light pain tester to 50%, and
the detection time is 10 s. We put the mice in the mouse holder, placed the
mouse fixed tube seat on the top surface of the instrument, and adjusted its posi-
tion so that the tail tip of the mice on the tail-tip positioning line, exposed the
tail for light irradiation. The exposure site was fixed at the middle and lower 1/3
of the tail of each mouse. After the mice were quiet, the pain test was carried out,
and the light bulb was lit. When the rat tail swings, the photoelectric switch au-
tomatically turns off the light and stops timing. The minimum unit of timing
was 0.1 s. The incubation period from the beginning of the irradiation to the
appearance of the tail-flick reaction was recorded as the pain threshold. In order
to protect the tails of mice from damage, those who did not flick their tails for
more than 10 s were recorded as 10 s, and the latency of tail flicks in each group

was statistically processed.

4.4. Effects of Single Intraperitoneal Injection of mCPP on Passive
Avoidance Response Ability of Mice

Training period: After 30 minutes of intraperitoneal injection, mice (one in each
group in order, and 2 mice were detected at the same time) were placed in the
jumping platform experimental device to acclimate for 3 min, and all mice were
placed on the safety platform before power-on, and then the power supply
(voltage 60 - 80 V, current 0.8 - 1.5 mA) was switched on. The mice would flee
to the safety platform after receiving the electric shock. It was a wrong reaction
for the mouse to jump from the safety platform and touch the copper grid with
its two forefeet. The incubation period of jumping off the platform for the first
time within 5 min and the number of shocks from jumping off the platform were
recorded, which were used as the learning performance of mice.

Test period: The test was conducted at 8:30 the next day. The mice were
placed on a safe platform, with a voltage of 60 - 80 V and a current of 0.8 - 1.5
mA. The experiment lasted for 5 min (no need to adapt). The incubation period
of the mice in each group jumping off the platform for the first time within 5
minutes and the number of electric shocks received by jumping off the platform

was recorded as the memory performance of the mice.

4.5. Effects of Single Intraperitoneal Injection of mCPP on
Depression Behavior in Mice

TST was conducted 30 min after single intraperitoneal injection of mCPP. Super
TST software was used to collect and analyze the behavior of the mice. The tail
of each mouse was attached to the hook in the suspension box with medical tape,
and the changes of the movement state of the mice were collected within 5 min.
The first 1 min was the adaptation period, and the state of the mice was analyzed
after 4 min. The main indexes collected in the experiment are: immobility time
and struggle time. Immobility time was main parameter, and the increase of

immobility time indicated that the mice had depression-like behavior.
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4.6. Statistical Analysis

All data were expressed as Mean * S.D and analyzed by employing the GraphPad
8.0 software. Data between the two groups were compared using Student’s t-test.
Comparisons of data from multiple groups against one group were analyzed us-
ing a one-way analysis of variance (ANOVA) followed by Dunnett’s post hoc test.
The statistical analysis used P < 0.05 as a basis for the level of significance.

5. Results

5.1. Effects of Single Intraperitoneal Injection of mCPP on Anxiety
Behavior in Mice

5.1.1. Effects of Single Intraperitoneal Injection of mCPP on the Behavior
of Mice in Elevated Plus-Maze

After mice were treated with a single intraperitoneal injection of mCPP (1

mg/kg, 2 mg/kg, 4 mg/kg) for 30 min, the EPM was conducted to detect the

anxiety of mice. The results showed (Figure 2) that the time in open arms was

significantly shorter (P < 0.05) (Figure 2(B)) and the percentage of time in open

arms was significantly lower (P < 0.05) (Figure 2(D)) in mice treated with

high-dose mCPP (4 mg/kg) than control mice.

A B

N
=3
]

150

w

=
1
|

100-] L]

50 | o

o [ )

[—] (—)

1 1
Time in open arms(s)

®

Number of open arms entries

=]
<>

T T T
Control 1 2 4 Control 1 2 4

mCPP(mg/kg) mCPP(mg/kg)

*®
>
]
=)
>
1

=)

=]
1

L

&
=
1
<
£y
=
1

[
=
1
[
=
1
[ ]
[]

=]
<

T T T T
Control 1 2 4

T T T T
Control 1 2 4

Entries to open arms/total arms(%)
[]
Time in open arms/total arms(%)
<

mCPP(mg/kg) mCPP(mg/kg)

Figure 2. Effects of single intraperitoneal injection of mCPP on the behavior of
mice in elevated plus-maze test. Number of open arms entries (A), Time in open
arms (s) (B), Entries to open arms/total arms (%) (C), Time in open arms/total arms
(%) (D); Mean + S.D.,n =4 - 6, *P < 0.05, vs Control, one-way ANOVA analysis
followed by Dunnett’s post hoc test, Graphad Prism8.0.1 software.
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5.1.2. Effects of Single Intraperitoneal Injection of mCPP on the Behavior
of Mice in Open Field Box

After the mice were intraperitoneally injected with mCPP (1 mg/kg, 2 mg/kg, 4
mg/kg) once for 30 min, the OFT was performed to test the anxiety of mice. The
results showed (Figure 3) that the center zone distance was significantly shorter
at dose 2 mg/kg (P < 0.05) and 4 mg/kg (P < 0.01) (Figure 3(B)), the number of
entries to central zone was significantly lower at dose 2 mg/kg (P < 0.05) and 4
mg/kg (P < 0.01) (Figure 3(C)) in mice treated with mCPP than that of control

mice.

5.1.3. Effects of Single Intraperitoneal Injection of mCPP on the Behavior
of Mice in Hole-Board Test

After the mice were given a single intraperitoneal injection of mCPP (1 mg/kg, 2
mg/kg, 4 mg/kg) for 30 min, the HBT was used to observe the anxiety of mice.
Comparing with the control group, the significant reduction of the head-dip
counts was observed in the mice treated with 1 mg/kg (2 < 0.05), 2 mg/kg (P <
0.05) and 4 mg/kg (P < 0.01) m-CPP (Figure 4(A)). The treatment with 2 mg/kg
and 4 mg/kg m-CPP significantly increased head-dip latency of the mice (2 <
0.05) compared to the control group (Figure 4(B)).
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Figure 3. Effects of single intraperitoneal injection of mCPP on the behavior of mice in
open field test. Total distance (A), Center zone distance (dm) (B), Number of entries to
central zone (C); Mean + S.D, n =5 - 6, *P < 0.05, **P < 0.01 vs Control, one-way
ANOVA analysis followed by Dunnett’s post hoc test, Graphad Prism8.0.1 software.
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Figure 4. Effects of single intraperitoneal injection of mCPP on the behavior of mice
in hole-board test. Head-dip counts (A), Head-dip latency (B); Mean £ S.D.,n =4 - 6,
vs Control, one-way ANOVA analysis followed by Dunnett’s post hoc test, Graphad
Prism8.0.1 software.

5.1.4. Effects of Single Intraperitoneal Injection of mCPP on the Behavior
of Mice in Light-Dark Box

After the mice were administrated with a single intraperitoneal injection of
mCPP (1 mg/kg, 2 mg/kg, 4 mg/kg) for 24 h, the LDB was carried out to evaluate
the anxiety of mice. The results showed that there was no significant difference
for the entry into the light side and the percentage of time in light side between
groups treated with mCPP and control group (Figure 5).

5.2. Effects of Single Intraperitoneal Injection of mCPP on the
Athletic Ability of Mice in Rotarod Test

After the mice were intraperitoneally injected with mCPP (1 mg/kg, 2 mg/kg, 4
mg/kg) once for 30 min, the rotarod test was used to estimate the athletic ability
of mice. The results showed that the injected with m-CPP (1 mg/kg, 2 mg/kg, 4
mg/kg) did not affect the rotating time of the mice compared to the control
group (Figure 6).

5.3. Effects of Single Intraperitoneal Injection of mCPP on Pain
Sensation of Mice in Tail-Flick Test

After the mice were treated with single intraperitoneal injection of mCPP (1
mg/kg, 2 mg/kg, 4 mg/kg) for 30 min, the tail-flick test was used to measure the
pain sensation of mice. The results showed that there was no significant differ-
ence for the tail flick latency between groups treated with mCPP and control

group (Figure 7).

5.4. Effects of Single Intraperitoneal Injection of mCPP on Passive
Avoidance Response Ability of Mice in Step-Down Test

After the mice were administrated with a single intraperitoneal injection of
mCPP (1 mg/kg, 2 mg/kg, 4 mg/kg) for 24 h, the step-down test was conducted
to appraise the passive avoidance response ability of mice. The results showed that
there was no significant difference for the number of errors and the step-down la-

tency between groups treated with mCPP and control group (Figure 8).
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Figure 5. Effects of single intraperitoneal injection of mCPP on the behavior of mice in
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(B); Mean + S.D., n = 6, vs Control, one-way ANOVA analysis followed by Dunnett’s
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Figure 6. Effects of single intraperitoneal injection of mCPP on the behavior of mice in
rotarod test. Mean + S.D., n = 6, vs Control, one-way ANOVA analysis followed by Dun-
nett’s post hoc test, Graphad Prism8.0.1 software.
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Figure 7. Effects of single intraperitoneal injection of mCPP on the behavior of mice in
tail-flick test. Mean + S.D., n = 5 - 6, vs Control, one-way ANOVA analysis followed by
Dunnett’s post hoc test, Graphad Prism8.0.1 software.
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Figure 8. Effects of single intraperitoneal injection of mCPP on the behavior of mice in
step-down test. Number of errors (A), Step-down latency (B); Mean + S.D.,n =4 - 6, vs
Control, one-way ANOVA analysis followed by Dunnett’s post hoc test, Graphad
Prism8.0.1 software.

5.5. Effects of Single Intraperitoneal Injection of mCPP on
Depression Behavior of Mice in Tail Suspension Test

After the mice were given single intraperitoneal injection of mCPP (1 mg/kg, 2
mg/kg, 4 mg/kg) for 30 min, the TST was used to observe the depression behav-
ior of mice. The results showed that there was no significant difference for the
immobility time and struggling time between groups treated with mCPP and

control group (Figure 9).

6. Discussion

Since the pathogenesis of anxiety disorders is not well understood, it has been
short of ideal anxiety animal models. This study showed that a single intraperi-
toneal injection of mCPP could induce anxiety behaviors with no effects on ath-
letic ability, depression, pain and the ability of learning and memory. Therefore,
it is a rapid, stable and specific anxiety model.

mCPP has been widely used with some success as a model of anxiety. The fol-
lowing studies all used EPM to evaluate the mCPP-induced ICR anxiety mouse
model. Nan Zhang used a single intraperitoneal injection of mCPP (1 mg/kg, 2
mg/kg, 4 mg/kg) to treat male ICR mice and found a single intraperitoneal injec-
tion of mCPP 2 mg/kg caused a significant decrease in time in open arms/total
arms (%) in mice. A single intraperitoneal injection of mCPP 4 mg/kg caused a
significant decrease in time in open arms and time in open arms/total arms (%)
of the mice [13]. Cui XY used a single intraperitoneal injection of mCPP (0.7
mg/kg) to model anxiety in male ICR mice, and it was found that time in open
arms and time in open arms/total arms (%) were significantly reduced [19].
Mehmet Kurt used a single intraperitoneal injection of mCPP (2.5 mg/kg) to
model anxiety in male ICR mice and found that time in open arms and time in
open arms/total arms (%) were significantly reduced [18]. Takayoshi M used a
single intraperitoneal injection of mCPP (2.5 mg/kg) to model anxiety in male

ICR mice, and it was found that time in open arms/total arms (%) were
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Figure 9. Effects of single intraperitoneal injection of mCPP on the behavior of mice in
tail suspension test. Immobility time (A) Struggling time (B) Mean + S.D., n = 6, vs Con-
trol, one-way ANOVA analysis followed by Dunnett’s post hoc test, Graphpad Prism8.0.1
software.

significantly reduced [17]. The above studies suggest that a single intraperitoneal
injection of mCPP (0.7 or 2 or 2.5 or 4 mg/kg) mCPP can cause anxiety in mice.
In our study, male ICR mice given a single intraperitoneal injection of mCPP (1
mg/kg, 2 mg/kg, 4 mg/kg) showed anxiety which was consistent with the results
in the literature.

Compared with previous studies, in addition to using EPM, it was the first
time we also used LDB, OFT, and HBT to evaluate the effects of a single intra-
peritoneal injection of mCPP on anxiety behavior in ICR mice. In the LDB, there
was no significant change in the number of entrances in a light box and time
spent in a light box, indicating that anxiety behavior disappeared 24 hours after a
single intraperitoneal injection of mCPP in mice. This suggested it had a
time-dependent effect for a single intraperitoneal injection of mCPP to induce
anxiety. These results indicated that it is a rapid and stable anxiety model.

At present, there are no reports on the effects of mCPP on pain, athletic abil-
ity, passive avoidance response ability and depressive behavior in mice. In this
study, we found mCPP has no effect on tail flick latency, rotating time, number
of errors and the step-down latency, and the immobility time of mice in tail-flick
test, rotarod test, step-down test and TST respectively. These results indicated
that a single intraperitoneal injection of mCPP had no effect on pain, athletic
capacity, ability to learn and memory and depressive behavior in mice, meaning
this is a specific anxiety model.

mCPP is one of the first 5-HT receptor agonists used in psychiatry to examine
the 5-HT receptor system [24], it is a metabolite of trazodone that crosses the
blood-brain barrier [25]. m-CPP can bind to a variety of receptors, such as
5-HT1A, 5-HT1B, 5-HT2A, 5-HT2B, 5-HT2C, 5-HT?3, histamine H1 and adren-
ergic a2A subtype receptors [26] [27] [28]. mCPP can aggravate clinical anxiety
symptoms, including acute anxiety, panic disorder and agoraphobia [29]. A
number of studies have shown that mCPP also induces anxiety responses in

animal models [12] [18]. The anxiety-causing effect of mCPP is thought to be
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mediated by the agonistic effect of 5-HT2C receptors [30] [32], and 5-HT2C re-
ceptor antagonists show anxiolytic effects in animal models [32]. This might be
the mechanism of a single intraperitoneal injection of mCPP inducing rapid,
stable and specific anxiety model.

At present, the anxiety mouse model induced by mCPP has been employed to
study the effect of anti-anxiety drugs. For example, odor exposure of ylang-ylang
essential oil reversed the anxiety based on this model [21]. Alianda found that
intra-amygdaloid injection of mCPP increased anxiety-like behaviour in the
mouse EPM, an effect that was completely blocked by local infusion of SDZ
SER-082 (a preferential 5-HT2C receptor antagonist) [20]. Darin ] Knapp found
that CVT-10216 had no anti-anxiety effect in the mCPP model, but had an-
ti-anxiety effect in repeated alcohol-withdrawal-induced anxiety and restraint
stress-induced anxiety [33]. Pretreatment with 5-HT3 receptor antagonist
N-cyclohexyl-3-methoxyquinoxalin-2-carboxamide (QCM-13) was unable to
reverse anxiogenic effect of mCPP, but potentiated anxiolytic effect of buspirone
[22]. Takayoshi Mamiya gave the soybean powder-added food pellets (soybean
pellets) to investigate anti-anxious effects of soybean in male mice, they could
not observe the m-CPP-induced anxiety-like behavior in mice fed soybean pel-
lets in this test, and the results indicated that soybean pellets may attenuate anx-
iety-like behavior in mice [17].

In addition, the mCPP model has been used to study the anti-anxiety effects of
non-pharmacological interventions. James H Fox found that exercise may help
to reduce anxiety by down-regulating postsynaptic 5HT 2B/2C receptors using
this model [34]. The mCPP model is also used to evaluate the relationship be-
tween anxiety and other functions. Hiroyuki Takamatsu studied the relationship
between anxiety and brain function by PET measurement. They found that anx-
iety influences conscious brain function. Furthermore, the study suggests that
the prevention of anxiety is important when measuring conscious brain function
in monkeys [35]. As a recognized drug that can cause anxiety, mCPP is also used
to evaluate the effectiveness of anxiety behavioral testing methods. Nicholas
Jones used unstable elevated exposed plus maze (UEEPM) to detect the behavior
of rats after taking mCPP, a drug known to cause anxiety, to study the predictive

validity of UEEPM and its sensitivity to anxiogenic agents [36].

7. Conclusion

A single intraperitoneal injection of mCPP (1 mg/kg, 2 mg/kg, 4 mg/kg) can
cause anxiety in mice, and has no effect on athletic ability, depression, pain, and
passive avoidance response ability. A rapid, stable and specific anxiety mouse

model can be constructed using a single intraperitoneal injection of mCPP.
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