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Abstract

The chronic unpredictable mild stress model of depression has been widely used as an

experimental tool to investigate human psychopathology. Our objective was to provide an

update on the validity and reliability of the chronic unpredictable mild stress model, by ana-

lyzing the interrelationships among the indexes using stepwise discriminant analysis and

Pearson correlation coefficient to examine the possible combinations. We evaluated the

depressive rats in both the presence and the absence of chronic unpredictable mild stress,

using weight change, percentage of sucrose preference, coat state, splash test, open-field

test, elevated plus-maze test, forced swimming test, and Morris water maze test. The results

showed that 6-week-long chronic unpredictable mild stress produces significant depression

and anxiety-like behavior. The combination of body weight change, percentage of sucrose

preference, coat state score, open-field score, grooming latency of splash test, immobility

time in force swimming test, and platform crossing in the Morris water maze test can effec-

tively discriminate between normal and chronic unpredictable mild stress rats. Strong inter-

relationships were noted among these indexes in both open-field test and elevated plus-

maze test. In conclusion, there might be certain criteria for the combination of behavioral

endpoints, which is advantageous to more effectively and reliably assess the chronic unpre-

dictable mild stress induced depression model.

Introduction

Depression is a common chronic affective disorder. On an average, one in four women and

one in six men suffer from depression during their lifetime [1], and up to 65% of the affected

individuals have recurrent episodes of this disorder [2]. On account of the restriction of draw-

ing experimental materials and the complicated etiology, animal models are an indispensable

tool for the research on the mechanism of depression and antidepressant drugs. So far, there

are more than 20 kinds of depressive animal models, among which the chronic unpredictable

mild stress (CUMS) model, developed originally by Paul Willner in 1987 [3], is the most

widely used. CUMS results in a state of reduction in sucrose intake (and/or preference) that is
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akin to the decrease in responsiveness to rewards, which is the foundation for anhedonia, a

central feature of depressive disorders [4]. Since the inception of the CUMS model, consider-

able behavioral research has extended the behavioral endpoints of this model in different

aspects, such as decrease in sexual and aggressive behaviors, increase in immobility in the

forced swim test (FST) and learned helplessness, changes in sleep architecture, and decrease in

self-care and grooming [5]. Almost all these depression-related effects are reported to co-exist

alongside CUMS-induced anhedonia [6]. Moreover, many other studies have also reported

behavioral endpoints other than anhedonia or the other depression-related effects mentioned

above, such as alcohol preference, anxiety, exploration, locomotor activity, and memory [6],

which might simulate some facets of human psychomotor retardation and neurocognitive def-

icit. A large number of studies have shown that mood disorders are always accompanied by

cognitive dysfunction, for example, memory deficits and poor sustained attention [7,8]. In

fact, CUMS rats have been reported to exhibit cognitive dysfunction in previous studies [9,10].

Considering the fact that each endpoint represents only one symptom of human body,

researchers often adopt a combination of different behavioral endpoints, instead of using just

sucrose consumption, to examine the validity of this model. Different research groups have

different methods, for example, sucrose consumption + locomotor activity + behavioral

despair [11], body weight + sucrose consumption + anxiety + locomotor activity [12], coat

state + grooming behavior + locomotor activity [13], locomotor activity + behavioral despair

+ memory deficits + anxiety [14]. To date, there is no fixed criterion for combining these

behavioral endpoints, and to the best of our knowledge, no study has analyzed the relation-

ships between CUMS-induced anhedonia and other behavioral endpoints.

These issues led us to hypothesize that there are some indispensable endpoints that compose

a definite criterion along with anhedonia for evaluating the CUMS model, and some unneces-

sary behavioral tests or indexes can be removed if any interrelationships among these indexes

were discovered. To test this hypothesis, we established the CUMS model in rats, investigated

the relationship between sucrose preference and other behavioral endpoints by conducting the

most frequently used behavioral tests, adopted stepwise discriminant analysis, set up a distin-

guishing function model, and utilized the Pearson correlation coefficient to analyze the interre-

lationships among these ethological indexes. Through this study, we hope to establish the

interrelationships among these endpoints and facilitate future research on depression.

Materials and methods

Animals

Sprague–Dawley rats (Male, 180–200 g; from the Experimental Animal Center of Chongqing

Medical University) were initially housed in standard laboratory conditions (12 h light/dark

cycle, lights on from 08:00 to 20:00; temperature = 22 ± 2˚C; humidity = 50% ± 10%) with free

access to food and water except during experimental procedures. All experiments in our study

were conducted in accordance with the Chongqing Management Approach Guide to the Care

and Use of Laboratory Animals (Chongqing Government Order No. 195). All experiments

involving rats were reviewed and approved by the Animal Laboratory Administration Center

and Ethics Committee of Chongqing Medical University [SYXK (Chongqing) 2012–0001].

Preliminary work & general procedure

All rats were allowed to acclimatize to their new environment for two weeks following their

arrival. Before formal experiment, picked out 80 rats whose horizontal scores in open-field test

were between 30 and 120. The qualified animals were random divided into two groups. One

group was housed individually in separate cage and subjected to chronic unpredictable mild
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stress (CUMS) (n = 40), the others were housed in the standard condition with food and water

without any stress as controls (n = 40)for 6 weeks.

When the groups were assigned, the initial coat state was assessed. The body weight and

sucrose preference were measured every week when the CUMS procedure was performed.

Two days after the termination of CUMS, all the rats were subjected to the behavioral tests.

The general procedure is shown in Fig 1.

Chronic unpredictable mild stress

This CUMS regimen was a minor variation of the protocol described previously [3]. The rats

were chronically exposed to various randomly scheduled, low-intensity social and environ-

mental stressors during 6 weeks of the procedure. These stressors consist of isolation (as a con-

tinuous social stressor), tail cramping (for 1 min), deprivation of food or water (for 24 h),

forced swimming (4˚C water, for 5 min), heat stimulation (45˚C water, for 5 min), cage-tilting

(45˚,for 24 h), wet bedding (200 ml water per cage, for 24 h), removal of sawdust (for 24 h),

reversal of day and night, glare flash (for 3 h) and loud noise (92 dB,1500 Hz, for 3 h). Rats

received one of these stressors per day in Table 1. The same stressor was not applied in 3 con-

secutive days so that animals could not predict the occurrence of stimulation.

Behavioral tests

Animals were brought to the testing room approximately 30 min before the test, and all behav-

ioral tests were performed under double-blind principle. All the rats were subjected to the

behavioral tests and the order as follows:

Fig 1. Preliminary work and general procedure of this study.

https://doi.org/10.1371/journal.pone.0185129.g001

Table 1. CUMS schedule.

Stressors Days of CUMS experiments

Isolation 1,15,27

Tail cramping for 1 min 2,16,25,36

Food deprivation for 24 h 3,19,37

Water deprivation for 24 h 10,20,31

Forced swimming 4˚for 5 min 4,13,26,41

Haet stimulation 45˚C for 5 min 5,21,29,40

Cage-tilting 45˚for 24 h 6,17,38

Wet bedding for 24 h 8,18,30,39

Sawdust empty for 24 h 9,24,32

Reversal of day and night 7,14,28,35,42

Glare flash for 3h 12,22,34

Loud noise for 3h 11,23,33

https://doi.org/10.1371/journal.pone.0185129.t001
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Sucrose preference test (SPT). The SPT was performed according to a previous study [3]

with minor modifications, at 08:30 AM on days 7, 14, 21, 28, 35, and 42 during the CUMS

phase. Before the first time of the test, all rats were trained to get accustomed to 1% sucrose

solution(w/v) in a quiet environment.Two bottles of 1% sucrose solution were placed on each

cage for 24 h. For the following period of 24 h, 1% sucrose in one bottle was replaced with pure

water. After adaptation, rats were deprived of food and water for 24 h, followed by the SPT the

next morning, in which the rats were fed with two pre-weighed bottles of liquid at the same

time: the one containing 1% sucrose solution and the other pure water. The bottles were coun-

terbalanced across the left and right sides of the cages throughout the experiment to avoid

position preference effects. At intervals of 1 h, 12 h, and 24 h, the two bottles were re-weighed.

Coat state. Dirty coats in rats often represent low self-care behavior (e.g., unwillingness to

self-clean). The observed coat state was evaluated with a quantitative scale that assessed eight

different body parts: head, neck, dorsal coat, tail, forelimb, hindlimb, ventral coat, and genital

region [13]. The total score of the coat status was obtained by attributing a score of 0 (clean

coat) or 1 (dirty coat or in abnormal state) to each of the eight parts. The mean of the results

was statistically analyzed.

Splash test. Splash test was performed in both control and CUMS-exposed rats 2 days

after the coat state evaluation. Control animals were isolated for 1 day before testing, while the

cages of the stressed rats were changed at the same time. This test was performed under a red

light (15 W). An atomizer spray containing 10% sucrose solution was squirted on the dorsal

coat of a rat in its home cage [13]. The sucrose solution dirties the coat and induces grooming

behavior. After applying sucrose solution, the time spent grooming was recorded for a period

of 5 min as an index of self-care and motivational behavior[15–17].The proportion of time

spent in grooming (= grooming time / 5 min) was calculated.

Open-field test (OFT). The OFT was performed according to Lin et al [18]. The inner

surface of the test apparatus was painted with black.The floor of the apparatus (100 cm × 100

cm × 40 cm) was divided into 25 identical squares (20 cm × 20 cm) with white stripes. In a

dark (visibility was 5 m) and quiet room, a single rat was placed at the center of the arena and

allowed to explore for 5 min. We recorded the number of squares crosses by the rats (with all

four paws crossing the line, each line cross was scored as 1 point), the rearing behaviors (each

rearing was scored as 1 point), the grooming behaviors (each grooming was scored as 1 point),

the feces (each piece of feces was scored as 1 point; the urine was also scored as 1 point), and

the latency of locomotion. After each of these test, the excrements were cleaned and the arena

was dealt with 75% alcohol. The score was calculated by the sum.

Elevated plus-maze (EPM) test. The EPM consisted of two open arms (50 cm × 10 cm)

and two closed arms (50 cm × 10 cm, surrounded by 40-cm plastic walls) that originated from

a common central platform (10 cm × 10 cm). The apparatus was elevated to a height of 50 cm

above the floor. This test was performed in a dark (visibility, 5 m) environment and after OFT

to avoid cowering of rats along the length of enclosed arms and to enhance the total amount of

arm entries. The rat was placed on the central platform with the head facing towards an open

arm and allowed to explore for 5 min [19,20]. The proportion of time spent in the open arms

(= the time spent in the open arms / 5 min) and the number of entries into the open arms were

calculated. The rat was considered as entering a new arm when it introduced its four paws in

the arm. The maze was rinsed between sessions with 75% alcohol and dried with a towel.

Forced swimming test (FST). The FST, also known as the behavioral despair test, is cen-

tered on a rodent’s response to the threat of drowning, the results of which have been inter-

preted as a measure of susceptibility to negative mood [21]. Rats were forced to swim in a

vertical plastic cylinder (diameter 30 cm,height 50 cm) containing 30 cm of water maintained

at 25 ± 1˚C. The rats were allowed to become used water cylinder during the first 2 min.
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Because of the fear of drowning, the rats would swim excitedly after placing into water. But no

matter how actively strove, the rats had no way to escape from the cylinder, which made them

fall into a despaired mood and manifested as floating on the surface of water.During the fol-

lowing 5 min, the duration of immobility time for every rat was measured by two observers

who were blinded to the kind of treatment. The animal was dried with a towel and the water

was changed after each swimming test. The proportion of time spent in the state of immobility

was calculated.

Morris water maze (MWM) test. The Morris water maze apparatus consisted of a circu-

lar basin (diameter 180 cm, height 50 cm) which contained 24 cm of water maintained at

25 ± 1˚C, with a clear escape platform (learning place, invisible condition, diameter 8 cm)

placed 1 cm below the water surface[14]. Several visual cues surrounding the maze were avail-

able on the walls, and the observer stayed in the same place for each trial. The pool was equally

divided into 4 quadrants: NW, NE, SE and SW. This test include 2 periods: initial spatial train-

ing and probe test.

Initial spatial training: Before being placed into the water, the animal was allowed to stand

on the platform for 60 s to realize the existence of the hidden platform and memorize the envi-

ronment. The rat was then placed into the water facing the mid -section of the wall at one of the

four quadrants and allowed to swim freely until they found and climbed onto the platform. If

the rat failed to locate the platform within 180 s, it was guided to the platform by observers and

allowed to stand there for 10 seconds. Each rat was subjected to four trials per day, and the start-

ing position was different for each trial. The interval between two operations of placing a given

rat into water was at least 15 min. The spatial training was continuously conducted for 4 days.

Probe test: On the fifth day, the platform was removed. The rat was placed into the quadrant

opposite to the one where platform had been hidden previously. The escape latency (the time

from placing the animal in the basin until it found the platform for the first time) was mea-

sured, and the number of times a rat passed the platform was recorded.

Statistical analysis

We performed a stepwise discriminant analysis using the SPSS v17.0 statistical package. To

identify which indexes out of the nineteen considered (the body weight and sucrose preference

in 6 weeks, total score of OFT, coat state score, proportion of time spent in the open arms in

EPM, grooming latency of splash test, escape latency of MWM, proportion of immobility) are

the most reliable as markers of the disease phenotype. In the stepwise approach adopted here,

variables were entered sequentially[22].When all the variables in the model met the criterion to

stay and none of the other variables met the criterion to enter, the stepwise selection process

stopped [22]. The stability of the distinguishing function models was tested by cross validation.

All data in the figures or tables are presented as mean ± SD.One-way repeated measures

ANOVA was performed to study the effect of body weight and sucrose preference(with the

experiment of 6 week as repeated factor), with environment (control vs. CUMS) as the main

factor, followed by a Fisher post-hoc analysis when required (i.e., p< 0.05). One-way ANOVA

with environment (control vs. CUMS) as the main factor was used for other ethological data.

Relationships between the every two items from the same test were evaluated by the linear

Pearson correlation coefficient (r). Statistical significance was set at P< 0.05.

Results

Consequences of the behavioral tests

Body weight. The body weight through ANOVA revealed a significant main effect on

CUMS [F(1,78) = 201.50, p< 0.001] and the time of per week [F(6,468) = 2226.61, p< 0.001].
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There is a significant interaction between the factors week and CUMS [F(6,468) = 334.64,

p< 0.001]. A remarkable increase in body weight with the times was observed in both groups.

However, form week 2 onwards,the body weight increase significantly between CUMS-sub-

jected and control animals. This effect was apparent after 2 week of CUMS and became highly

significant from 3 week to the end.(Fig 2)

Sucrose preference test. In the SPT, ANOVA revealed a significant effect of CUMS (1 h:

F(1,78) = 414.40, p< 0.001;12 h: F(1,78) = 55.12, p< 0.001; 24 h: F(1,78) = 37.15, p< 0.001) and

week (1 h: F(5,390) = 47.70, p< 0.001; 12 h: F(5,390) = 42.59, p< 0.001; 24 h: F(5,390) = 17.88, p<

0.001) and a significant interaction between the factors week and CUMS(1 h: F(5,390) = 41.23,

p< 0.001; 12 h: F(5,390) = 30.95, p< 0.001; 24 h: F(5,390) = 12.60, p< 0.001). Sucrose preference

was similar between the two groups at the beginning of the experiment. During the whole

CUMS procedure, the sucrose preference in control rats were relatively stable even with some

fluctuation, while the CUMS group appeared a marked reduction from week 2 (93.26 ± 9.39%

vs 87.19 ± 11.60%, P < 0.05) to the end (week 6: 91.61 ± 6.98% vs 61.60 ± 10.53%, P < 0.01) in

1 h SPT (Fig 3A). Although the sucrose preference showed a decrease at 12 h and 24 h (Fig 3B

and 3C, P< 0.01), the most significant effect was observed at 1 h.

Coat status test. At the end of the 6-week CUMS regimen, the results of the coat state

revealed that rats subjected to the CUMS protocol exhibited a significantly decrease of self-

care behavior compared to the control group. (Fig 4, p< 0.01)

Fig 2. Results of the body weight of rats submitted to 6-week CUMS (mean ± SD, n = 40). **p < 0.01 vs

control.

https://doi.org/10.1371/journal.pone.0185129.g002

Fig 3. Results of sucrose preference of rats submitted to 6-week CUMS(mean ± SD, n = 40). A: 1 h sucrose

preference(%); B: 12 h sucrose preference(%); C: 24 h sucrose preference(%). *p < 0.05, **p < 0.01 vs control.

https://doi.org/10.1371/journal.pone.0185129.g003
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Open-field test. The latency of locomotion in the CUMS group was significantly higher

(p< 0.01) than that in the control group, whereas horizontal movement (p< 0.01), rearing

(p< 0.01), and total scores (p< 0.01) were clearly lower. However, no significant effect was

obtained for the grooming and defecating behaviors (Table 2).

Elevated plus-maze test. In the EPM, CUMS group spent a significantly lower percentage

of time (p< 0.01) in the open arms than control group (Fig 5A), indicative of a higher state of

anxiety. The entries of the open arms (p< 0.01) was also significantly reduced after 6-week

CUMS regimen in rats. (Fig 5B).

Splash test. The data presented in Fig 6 demonstrated that rats subjected to the CUMS

protocol neglected coat grooming when compared to the control group. This was illustrated

by increased latency (Fig 6A, p< 0.01) and decreased time (Fig 6B, p< 0.01) of grooming

behavior.

Forced swimming test. In the FST,there is a significant increase of the immobility time

was obtained in the CUMS group(p < 0.01) that compared to the control group(Fig 7).

Morris water maze test. Memory/cognitive functions were tested in the MWM. The

CUMS group exhibited slow learning progress measured as latency to reach the platform on

day 3,4, 5(n = 40, P < 0.01) (Fig 8) and decrease in the number of crosses in the MWM

(n = 40,P < 0.01) compared with control group (Table 3).

Fig 4. Results of the coat status test of rats submitted to 6-week CUMS (mean ± SD, n = 40). **p < 0.01

vs control.

https://doi.org/10.1371/journal.pone.0185129.g004

Table 2. Results of horizontal movement, rearing, grooming behaviors, feces, latency (sec), total scores in the open-field test of rats submitted to

6-week CUMS (mean±SD, n = 40).

Control CUMS

Latency (sec) 1.63 ± 0.77 8.15 ± 4.30**

Horizontal movement 87.50 ± 10.25 20.23 ± 6.52**

Rearing 19.38 ± 5.87 2.80 ± 3.55**

Grooming behaviors 0.70 ± 0.82 0.75 ± 1.32

Feces 5.73 ± 5.76 6.13 ± 3.93

Total scores 113.30 ± 11.74 29.90 ± 11.99**

**p < 0.01 vs control.

https://doi.org/10.1371/journal.pone.0185129.t002
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Stepwise discriminant analysis of the ethological indexes. The total sample size was 80

(CUMS group = 40, Control group = 40). The variables were separately numbered as follow-

ing: N1(CUMS group = 1, Control group = 2); N2-N8(the body weight from week 0 to week

6); N9-N14(the sucrose preference from week 1 to week 6); N15(coat state score); N16(total

score of OFT);N17(percentage of time spent in the open arms);N18(grooming latency of

splash test);N19(percentage of immobility in FST); N20(escape latency of MWM).

In Table 4, eight variables out of the total 19 are reported together with their inclusion

parameters, as only these eight indexes seemed to have a significant influence on identifying

depression rats. Data from only the last step of the inclusion process are presented.

Fig 5. Results of the percentage of time and entries in the open arms in elevated plus-maze test of rats

submitted to 6-week CUMS (mean ± SD, n = 40). A: Time spent in open arms(%); B: Entries of open arms(%).

**p < 0.01 vs control.

https://doi.org/10.1371/journal.pone.0185129.g005

Fig 6. Results of the latency and time of grooming behavior following a 10% sucrose solution spray in

the splash test of rats submitted to 6-week CUMS(mean ± SD, n = 40).A: Grooming latency(sec); B:

Grooming time(%). **p < 0.01 vs control.

https://doi.org/10.1371/journal.pone.0185129.g006
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In Table 5, we defined the CUMS group and normal group as 1 and 2 categories with 40

samples in each class. Each variable discriminatingly contributed to the cases can be reflected

by the standardized discriminant function coefficient via the following two function.

From the data, the highest contribution could be ascribed to the coat state, the next were

the sucrose preference and body weight.

Fig 7. Results of forced swimming test of rats submitted to 6-week CUMS (mean ± SD, n = 40).

**p < 0.01 vs control.

https://doi.org/10.1371/journal.pone.0185129.g007

Fig 8. Results of latency of Morris water maze test of rats in initial spatial training(mean ± SD, n = 40).

**P < 0.01 vs control.

https://doi.org/10.1371/journal.pone.0185129.g008
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In Table 6, the results of the cross validation show that the analysis correctly allocated 100%

of the rats to their true group. The correct assignment rate reached 100% in the two discrimi-

nant functions, demonstrating that the two functions are stable.

Interrelationship analysis of the ethological indexes. The Pearson correlation coeffi-

cients of various ethological indexes in CUMS group are listed in Table 7. The variable X1 to

X9 separately refer to these indexes: X1: the rearing in OFT; X2: the horizontal movement in

OFT; X3: the total score of OFT; X4: the proportion of entries into the open arms; X5: the pro-

portion of time spent in the open arms; X6: the latency in the splash test; X7: the proportion of

time spent in grooming in the splash test; X8: the latency in the MWM test; X9: the times of

passing in the MWM test.

It is obviously from Table 7 that in the OFT, the rearing (X1) and horizontal movement

(X2) had a medium interrelationship (X1, X2: r = 0.643, p< 0.001). Between the total score

(X3)and rearing (X1) or horizontal movement (X2),there was a strong interrelationship(X1,

X3: r = 0.709, p< 0.001; X2, X3: = 0.972, p< 0.001).

On the other hand, the number of entries into the open arms (X4) and the time spent in the

open arms (X5) in EPM had a strong interrelationship (r = 0.782, p< 0.001).

As for other data, the Pearson correlations coefficients were not significant.

Discussion

In the present study, we aimed to establish the CUMS rat model and find the interrelationships

among the behavioral tests. The CUMS procedure was developed as an animal model of

depression that mimicked the time course and behavioral changes required for investigating

the effects of chronic drug treatments [3,23]. In addition to the major characteristics [3] such

as decrease in body weight [24,25], this paradigm replicates many other behavioral distur-

bances seen in depression. While certain studies [9,26,27] showed CUMS-induced decrease in

self-care and grooming, which could be interpreted as a loss of motivational behavior, consid-

ered to parallel another important symptom of depression [6], other studies reported that

CUMS was able to dramatically increase the immobility time in FST [11,14,28], which was

Table 3. Results of the latency and the times of passing in the MWM test of rats submitted to 6-week

CUMS (mean ± SD, n = 40).

Control CUMS

Latency (sec) 6.6 ± 4.08 31.48 ± 17.67**

Times of passing 10.50 ± 2.24 6.43 ± 1.34**

**p < 0.01 vs control

https://doi.org/10.1371/journal.pone.0185129.t003

Table 4. Variables entered and inclusion parameters.

Variables entered Code Partial R-Square F Value Pr > F Wilks’ Lambda Pr< Lambda

Total score of OFT N16 0.948 38.571 < .0001 0.043 < .0001

Body weight(week 6) N8 0.309 17.230 < .0001 0.035 < .0001

Grooming latency of splash test N18 0.894 9.497 < .0001 0.032 < .0001

Coat state score N15 0.838 13.051 < .0001 0.033 < .0001

Proportion of immobility in FST N19 0.864 11.704 < .0001 0.032 < .0001

1h sucrose preference(week 5) N13 0.927 6.812 < .0001 0.030 < .0001

Body weight(week 2) N4 0.311 5.845 < .0001 0.030 < .0001

1h sucrose preference(week 4) N12 0.956 4.106 < .0001 0.029 < .0001

https://doi.org/10.1371/journal.pone.0185129.t004
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later confirmed as “behavioral despair” [29]. The OFT was designed to assess the locomotor

activity of rodents, which was used as a behavioral endpoint by Katz and colleagues [30]. Ani-

mals displayed decreased locomotor activity in OFT after CUMS [18,31], which indicates the

loss of exploration and interest, two instinctive activities of normal animals in a novel environ-

ment [32]. Meanwhile, other researchers observed that anxiety [12,33] and memory deficits

[14,34] were induced by CUMS, showing the conflicting emotions between fear induced by

novelty and exploratory behavior [35] and impairments in cognitive function, respectively.

In the present study, we first tried to establish a CUMS-induced rat model with depression-

like behavioral changes by performing eight most frequently used behavioral tests. In our

study, we observed a significant decrease in body weight, a remarkable reduction in 1 h sucrose

preference, a deterioration of coat state, and a notable decrease in grooming behaviors in the

splash test. Moreover, CUMS rats also had a protracted latency of locomotion and a significant

decrease in horizontal and vertical movement in OFT, a prominent reduction of entries and

time in the open arms in EPM, an arresting increase in the duration of immobility in FST, and

cognitive dysfunction in MWM. It is worth mentioning this in view of the current reports

related to SPT [3,11,18,31]. As there are not any unified standards of sucrose solution concen-

tration and time points for testing liquid consumption, we fixed the concentration at 1% (sug-

gested by Paul Willner) and set up 3 time points to measure the consumption in our study,

which were at 1 h, 12 h, and 24 h after providing the liquid. Our results showed that at the 1-h

interval, the sucrose preference of CUMS rats was significantly different from that of the con-

trol rats. At the intervals of 12 h and 24 h, the rats subjected to CUMS took significantly more

time through SPT. These data suggest that measuring sucrose consumption at 1 h is most

effective in SPT. In our opinion, such a unique conclusion could be attributed to several

parameters of the housing conditions, test timing, and protocol, as well as the strain of rat cho-

sen. All the above results strongly suggested that our current protocol of a 6-week-long CUMS

successfully replicated the behavioral changes paralleling the clinical symptoms and accompa-

nying symptoms of major depression.

Table 5. Standardized discriminant function coefficients.

Function

1 2

Body weight(week 2) N4 0.100 -0.167

Body weight(week 6) N8 0.353 0.707

1h sucrose preference(week 4) N12 0.428 0.697

1h sucrose preference(week 5) N13 1.363 1.878

Coat state score N15 2.288 -2.146

Total score of OFT N16 0.089 0.697

Grooming latency of splash test N18 0.060 -0.039

Proportion of immobility in FST N19 0.183 0.050

https://doi.org/10.1371/journal.pone.0185129.t005

Table 6. The assessment effect of discriminant functions.

Group Predicted group membership

Control CUMS Total

Count

%

Control 40 1 40

CUMS 0 40 40

Control 100 0 100

CUMS 0 100 100

https://doi.org/10.1371/journal.pone.0185129.t006
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It is clear that multiple factors influence the stress response. Generally, researchers use sev-

eral behavioral endpoints when assessing depression-like phenotypes for garnering a depres-

sive animal model with validity. As the purpose of our study was to determine certain criteria

for combining these behavioral endpoints, we analyzed the interrelationships among behav-

ioral indexes through stepwise discriminant analysis. Discriminant analysis is a multivariate

dimension-reduction technique, whose main objective is to draw out a set of linear combina-

tions of the quantitative variables (discriminant functions) that best account for the differences

among the treatment groups [36]. Following the stepwise discriminant analysis, we observed

that the body weight change, percentage of sucrose preference, coat stat score, open-field

score, grooming latency of splash test, and immobility time in FST were the most relevant tests

for the rat model of CUMS (in descending order of the contributions to the discriminant func-

tion equations). The other tests showed a poor relevance to the CUMS rats, which can be a ref-

erence for future depression research. The analysis allows us to evaluate the contribution of

each variable in discriminating among groups, thus, representing an optimal selection tool for

the most informative prognosticators in animal depression model. In our study, the following

points are worth mentioning. (1) Incorporating all the 6-week data of body weight and sucrose

preference leads to complicacy in the discriminant models. However, the body weight of

weeks 2 and 6, together with the sucrose preference in weeks 4 and 5, demonstrated the devel-

opment process of depression have the characteristic of periodic change. (2) Most current

studies [11,18,28,31] shows that investigators prefer to take body weight, SPT, OFT, and FST

to measure behavioral endpoints in model animals, which is consistent with our discriminant

analysis result. Anhedonia, the major endpoint of CUMS model [3], is associated with other

analogues of depressive symptoms, such as increased floating duration in FST and decreased

exploration of novelty in OFT. The comprehensiveness and relevance of these indexes greatly

improve the superiority of methods. (3) Coat state and splash test both connect with self-care

behavior and they are all incorporated into the discriminant models, which reveal that apathy

is a crucial characteristic of depression [6]. It might be possible to establish coat state or splash

test as estimates of self-care behavior in the future, which requires further proof.

Table 7. Results of Pearson correlation coefficients (N = 40, Prob > |r| under H0: Rho = 0).

X1 X2 X3 X4 X5 X6 X7 X8 X9

X1 1.000 0.643 0.709 0.332 0.326 0.036 0.193 -0.030 0.056

<0.001 <0.001 0.036 0.040 0.826 0.233 0.853 0.731

X2 1.000 0.972 0.347 0.418 0.235 -0.148 -0.025 -0.020

<0.001 0.028 0.007 0.144 0.362 0.877 0.902

X3 1.000 0.373 0.411 0.181 -0.129 -0.034 0.035

0.018 0.008 0.263 0.426 0.834 0.832

X4 1.000 0.782 0.316 0.039 -0.042 -0.006

<0.001 0.047 0.813 0.797 0.971

X5 1.000 0.336 0.165 -0.191 0.065

0.034 0.310 0.238 0.691

X6 1.000 -0.003 0.140 -0.142

<0.984 0.387 0.382

X7 1.000 -0.041 0.169

0.802 0.297

X8 1.000 -0.331

<0.037

X9 1.000

https://doi.org/10.1371/journal.pone.0185129.t007

Re-evaluation of the interrelationships among the behavioral tests in rats exposed to CUMS

PLOS ONE | https://doi.org/10.1371/journal.pone.0185129 September 20, 2017 12 / 15

https://doi.org/10.1371/journal.pone.0185129.t007
https://doi.org/10.1371/journal.pone.0185129


The Pearson correlation coefficients revealed that the total score was related to horizontal

movement and rearing. Moreover, the relationship between total score and horizontal crossing

is stronger than that between total score and rearing. Also considering the fact that no signifi-

cant effect was obtained for grooming and defecating behaviors in OFT (Table 2), it is sug-

gested that the CUMS procedure is more likely to weaken the locomotion activity than the

automatic nervous system function of rats, and horizontal movement might represent the

change in locomotor activity to some extent. On the other hand, the time spent in the open

arms and the number of entries into the open arms in EPM had a strong correlation, which

suggests that we could measure only one ethological index (either the time spent in the open

arms or the number of entries into the open arms) instead of both in EPM. As for our data,

there was only a slight or no correlation between them, and this result might help in the

research on depression models in future experiments. Analysis by stepwise discriminant and

Pearson correlation coefficient might contribute to the study of depressive models in future

experiments. This can achieve two things at once, building a reliable CUMS model and

improving the work efficiency.

In conclusion, our current protocol of a 6-week-long CUMS is able to induce depression-

like behavioral changes characterized by anhedonia, lost weight, apathy, behavioral despair,

psychomotor retardation, anxiety, and cognitive dysfunction. The comparatively effective end-

points, i.e., body weight change, percentage of sucrose preference, coat stat score, open-field

score, grooming latency of splash test, and immobility time in FST, are screened because of

their close association, and their mutual interrelationships and reciprocal complementation

might be advantageous to assess the CUMS-induced depression model. The strong interrela-

tionships among indexes in OFT and EPM helped discard some unnecessary indexes, and it

might avoid wastage of expense and labor. However, the result of discriminant analysis might

exhibit deviation due to the limited number of animal samples. Accordingly, further studies

are needed with a greater number of samples and newer analysis methods to confirm our

discovery.
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