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Abstract Open Field, Hole Cross and EPM are three
widely acceptable experimental methods used to evaluate
sedative-anxiolytic potential. The theories behind
introducing these fields were to challenge the rodents to a
novel environment. However, the behavioral changes
caused by these environments often get influenced by
rodent’s identical neurologic conditions. The major
challenges faced by the researchers are variations due to
first administration against repeated administration,
utilizing same rodent for another experiment but in
different time or using different rodent for different
experiments. Keeping the drawbacks in consideration, the
present study undertook a newly modified (OF-HC-EPM)
approach to integrate the experimental fields so as to utilize
the same rodents with single oral administration for
exposure to different fields which had allowed nullifying
the risk of individual and time dependent variance.
Anxiolytics, atypical antidepressants, selective serotonin
reuptake inhibitors, serotonin-norepinephrine reuptake
inhibitors, tricyclic antidepressants as well as the combined
anxiolytics and antidepressants were administered to Swiss
Albino Mice and their respective behavioral changes were
observed. The new approach proved to be an essential tool
for evaluating neuropharmacological potentials.

Keywords Open Field, Hole Cross, Elevated Plus
Maze, Square Cross, Grooming, Rearing, Stretch Attend
Posture, Freezing

1. Introduction

Depression followed by anxiety is the common

phenomenological symptoms in neurobehavioral study,
though rarely co-investigated within a particular
experimental model. A range of test methods have been
developed to evaluate these two neurological conditions
separately but few approaches have been reported to
understand the correlation. The major drawbacks in such
study designs are the limit to challenge the same subject
keeping the same physiological, psychological and
surrounding environmental conditions for different
experiments - the reason that drives the investigators to
design the experiments individually with identical subjects.
As a consequence, major gaps on relevancy in behavior are
observed. Thus, the present study was aimed to minimize
this gap by integrating three experimental designs in a
cascade for utilizing the same subjects with their unique
characteristics. Furthermore, a comparative study of neuro
standards was incorporated into the present design to
evaluate the validity of this new approach.

Open Field, Hole Cross and Elevated Plus Maze (EPM)
are three most widely used methods for evaluating
neurological condition of rodents. The elicitation of
rodent’s behavior in these fields are dependent upon many
test factors like strain, age, sex; prior test experience,
presence of stimuli/inducer in test apparatus, forced
feeding and handling by experimenter [1,2]. Open field
was originally developed for assessing comparative
psychology of rodents however it is now also used for
determination of altered exploration, anxiety and
emotionality [3]. Hole Cross apparatus was introduced by
Takagi et al. for measurement of spontaneous movement of
rodents [4]. On the other hand, EPM was designed for the
investigation of anxiety related behavior [5].

Neurological conditions like anxiety and depression are
treated with different classes of neuro drugs, sometimes in
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their combinations. For the present study, drugs from the
group of anxiolytics, atypical antidepressants, selective
serotonin reuptake inhibitors, serotonin-norepinephrine
reuptake inhibitors, tricyclic antidepressants as well as the
combined anxiolytics and antidepressants were used. To
distinguish the common behavioral features between
sedation and depression, drugs from different classes were
considered for this study.

2. Materials and Methods

2.1. Drugs and Chemicals

Diazepam (Square Pharmaceuticals Ltd.), Mirtazapine
(Sun  Pharmaceuticals Ltd.), Citalopram (Incepta
Pharmaceuticals Ltd.), Duloxetine (Incepta
Pharmaceuticals Ltd.), Imipramine (Sandoz), Flupentixol
& Melitracen (Beximco Pharmaceuticals  Ltd.),
Fluphenazine & Nortriptyline (Aristopharma) were
obtained.

2.2. Experimental Animal

Swiss Albino mice (Sex: Female, Age: 45 days, Weight:
28-33g) were selected for all groups of the present study.
Mice were habituated with a 12 h light/dark cycle, ambient
temperature, air ventilation and ad libitum food and water
at animal house of Institute of Pharmaceutical Skill
Development and Research. Nine groups (N=5) were
formed intended to be challenged after oral gavage with
subsequent agents as Group 1: Control (No gavage), Group
2: Blank (Water), Group 3: Diazepam (1mg/kg), Group 4:
Mirtazapine (3mg/kg), Group 5: Citalopram (4mg/kg),
Group 6: Duloxetine (4mg/kg), Group 7: Imipramine
(5mg/kg), Group 8: Flupentixol (0.1mg/kg) + Melitracen
(2mg/kg), Group 9: Fluphenazine (0.lmgkg) +
Nortriptyline (2mg/kg).

2.3. Experimental Design (The OF-HC-EPM
Integration)

A cascade of novelty induced challenge has been
executed by integrating open field, hole cross and elevated
plus maze fields (OF-HC-EPM Integration Approach).
After oral gavage, immediately each animal was placed on
open field for 3 minutes, shifted to the hole cross apparatus
for next 3 minutes (however for simplifying, the time
denoted as 0 min for hole cross) and finally transferred to
EPM apparatus for last 3 minutes (the time denoted as 0
min for EPM), each having a total 9 minutes of challenge.
This cascade for behavioral evaluation was repeated in 30,
60, 90 and 120 minutes after oral feeding. The animal was

allowed to calm for around 20 minutes before next interval.

2.3.1. Open Field Test

An Open Field apparatus has a dimension of 60x60x60
cm, floor of which is marked as square boxes (5x5 cm)
alternatively colored black and white [6,7]. At a 3-minute
interval, mice were observed for parameters such as
number of square crossed, number of center square crossed
and duration, Grooming, Rearing and Freezing [8,9].

2.3.2. Hole Cross Test

A Hole Cross apparatus (30x20x14 cm) has a middle
partition which divides it into two equal compartments
(each 15x10x14 cm) in which there is a 3 cm hole at height
of 7cm [10]. At each 3-minute interval, mice were allowed
to freely move from one compartment to another through
the hole. The number of holes crossed was measured
during the observation [11].

2.3.3 .Elevated Plus Maze Test

An Elevated Plus Maze (EPM) apparatus consists of two
opposite open arms and two opposite close arms
intersecting in Plus shape. Each arm has a length of 14 cm,
width of 5 cm and the close arm has wall height of 14 cm
[12]. Mice were placed in the apparatus facing the open
arm and allowed to freely move in any direction. At each
interval, mice were observed for the open and close arm
entry and duration [13].

2.4 Statistical Analysis

Statistical analysis of data was done by utilizing the
method of one-way analysis of variance (ANOVA)
followed by Dunnett’s t tests using SPSS 25 for windows.
The results obtained were compared with the control group.
P wvalues < 0.05, 0.01 and 0.001 were considered
statistically significant.

3. Results

3.1. Open Field Test

3.1.1. Square Crossing/Line Crossing

Maximum number of square crossing was observed by
imipramine (159.4) immediately after the administration
(Figure 1). However, citalopram showed consistency in
increasing the number. On the other hand, minimum
activity was observed by the combination of fluphenazine
and nortriptyline (17.0) at 90 min. Duloxetine followed the
decreasing pattern in 90 min (18.8) & 120 min (12.2) as
well.



Advances in Pharmacology and Pharmacy 7(3): 39-48, 2019
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BL=Blank, CN=Control, DZ=Diazepam, MZ=Mirtazapine, CT=Citalopram, DX=Duloxetine, IM=Imipramine, FM=Flupentixol+Melitracen,
FN=Fluphenazine+Nortriptyline. Values are expressed as mean + S.EM., (n=5); * P <0.05, ** P < 0.01; Dunnett t-test (2 sided) treated one group as

control (water) and compared all other groups against it.

Figure 1. Number of Square crossed by the mice in different time intervals

3.1.2. Rearing

Citalopram and imipramine were found with increased rearing (Figure 2). On the contrary, diazepam and mirtazapine at
all intervals demonstrated the reducing pattern. Alongside, duloxetine and the two combinations (FM & FN) showed an

initial increase followed by gradual decrease in rearing response.
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BL=Blank, CN=Control, DZ=Diazepam, MZ=Mirtazapine, CT=Citalopram, DX=Duloxetine, IM=Imipramine, FM=Flupentixol+Melitracen,
FN=Fluphenazine+Nortriptyline. Values are expressed as mean + S.E.M., (n=5); * P <0.05, ** P < 0.01; Dunnett t-test (2 sided) treated one group as

control (water) and compared all other groups against it.

Figure 2. Number of Rearing responses exhibited by the mice in different time intervals
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3.1.3. Grooming

Grooming response was found to be increased most by diazepam, mirtazapine, imipramine and the two combinations
(FM & FN) compared to control. On the other hand, duloxetine followed by citalopram showed the minimum response in
all intervals (Figure 3).

Open Field (Grooming)

BL CN Dz MZ cT DO I FM FM
@120 min 46 7.6 224 37.8 3.8 18 4232 524 244
i 80 min 88 15.2 33.6 2232 18.0 6.8 6.8 268 | 140
W60 min 16.6 36.8 292 13.8 216 110 484 172 238
@30 min 6.8 180 144 9.2 6.0 3.4 216 106 | 162
a0 min L4 104 29.6 118 23.8 174 j2 58 18.8

BL=Blank, CN=Control, DZ=Diazepam, MZ=Mirtazapine, CT=Citalopram, DX=Duloxetine, IM=Imipramine, FM=Flupentixol+Melitracen,
FN=Fluphenazine+Nortriptyline. Values are expressed as mean + S.E.M., (n =5); * P <0.05; Dunnett t-test (2 sided) treated one group as control (water)
and compared all other groups against it.

Figure 3. Grooming responses exhibited by the mice in different time intervals

3.1.4. Stretch Attend Posture

Figure 4 demonstrates the number of stretch attend posture against different standard drugs. The two combinations
were found with the highest response whereas diazepam showed the lowest activity for all intervals. Citalopram,
duloxetine and mirtazapine followed a common initial increase at 30 min.

Open Field (Stretch Attend Posture)
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BL=Blank, CN=Control, DZ=Diazepam, MZ=Mirtazapine, CT=Citalopram, DX=Duloxetine, IM=Imipramine, FM=Flupentixol+Melitracen,

FN=Fluphenazine+Nortriptyline. Values are expressed as mean + S.E.M., (n = 5); Dunnett t-test (2 sided) treated one group as control (water) and
compared all other groups against it.

Figure 4. Number of Stretch Attend Posture responses exhibited by the mice in different time intervals
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3.1.5. Freezing

Diazepam showed the gradual rise in freezing from 0 min (11.6) and continued to 120 min (61.0). Maximum rise was
showed by the combination of fluphenazine and nortriptyline at 90 min (87.0) and duloxetine at 120 min (82.2). All drugs
showed a common increase from 60 min to 120 min. Lowest freezing response was observed by citalopram and
imipramine at all intervals (Figure 5).
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W9 min | 486
W60 min 20.6
@30 min | 136
|0 min 0.0

BL=Blank, CN=Control, DZ=Diazepam, MZ=Mirtazapine, CT=Citalopram, DX=Duloxetine, IM=Imipramine, FM=Flupentixol+Melitracen,
FN=Fluphenazine+Nortriptyline. Values are expressed as mean + S.E.M., (n = 5); Dunnett t-test (2 sided) treated one group as control (water) and

compared all other groups against it.

Figure 5. Freezing responses exhibited by the mice in different time intervals

3.1.6. Center Square Crossing

Citalopram found with a gradual increase in the number of center square crossing (Figure 6) and duration spent in
central squares (Figure 7) from 30 min to 120 min. Alongside, the two combinations were found to prolong the duration.
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However, duloxetine failed to show this response at all intervals.
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FN=Fluphenazine+Nortriptyline. Values are expressed as mean + S.E.M., (n = 5); Dunnett t-test (2 sided) treated one group as control (water) and

compared all other groups against it.
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Figure 6. Number of Center Square Crossing exhibited by the mice in different time intervals
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Open Field (Centre Square Duration)

BL CN DZ MZ cT D I FI FM
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BL=Blank, CN=Control, DZ=Diazepam, MZ=Mirtazapine, CT=Citalopram, DX=Duloxetine, IM=Imipramine, FM=Flupentixol+Melitracen,
FN=Fluphenazine+Nortriptyline. Values are expressed as mean + S.E.M., (n =5); * P <0.05; Dunnett t-test (2 sided) treated one group as control (water)
and compared all other groups against it.

Figure 7. Duration in Center Square exhibited by the mice in different time intervals
3.2. Hole Cross

Unlike the immediate response in Square crossing and rearing in open field, imipramine was observed to increase the
number of hole crossing activity in 30 & 60 min (Figure 8). In contrast, mirtazapine was found to reduce the activity at all
intervals.

Hole Cross (Number of Hole Crossing)
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BL=Blank, CN=Control, DZ=Diazepam, MZ=Mirtazapine, CT=Citalopram, DX=Duloxetine, IM=Imipramine, FM=Flupentixol+Melitracen,
FN=Fluphenazine+Nortriptyline. Values are expressed as mean + S.E.M., (n = 5); Dunnett t-test (2 sided) treated one group as control (water) and
compared all other groups against it.

Figure 8. Number of Hole Crossing responses exhibited by the mice in different time intervals

3.3. Elevated Plus Maze Test

Figure 9 showed that duloxetine increased the entry in open arms at 60 (86.67%) and 120 min (36.67%). Citalopram
mimic the same pattern. Conversely, diazepam and the combination of flupentixol and melitracen reduced the entry
mostly at 60 min.
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Elevated Plus Maze (% Entry in Open Arm)

BL CN DZ MZ cT DX I Fil FM
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BL=Blank, CN=Control, DZ=Diazepam, MZ=Mirtazapine, CT=Citalopram, DX=Duloxetine, IM=Imipramine, FM=Flupentixol+Melitracen,
FN=Fluphenazine+Nortriptyline. Values are expressed as mean + S.EM., (n=5); * P <0.05, ** P < 0.01; Dunnett t-test (2 sided) treated one group as
control (water) and compared all other groups against it.

Figure 9. Percentage of Entry exhibited by the mice in open arm at different time intervals

Figure 10 showed citalopram alongside duloxetine increase the duration in open arm. And then again, the combination
of flupentixol and melitracen decreased the percentage of duration alongside diazepam and mirtazapine.
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BL=Blank, CN=Control, DZ=Diazepam, MZ=Mirtazapine, CT=Citalopram, DX=Duloxetine, IM=Imipramine, FM=Flupentixol+Melitracen,
FN=Fluphenazine+Nortriptyline. Values are expressed as mean + S.E.M., (n = 5); Dunnett t-test (2 sided) treated one group as control (water) and
compared all other groups against it.

Figure 10. Percentage of time spent by the mice in open arm at different time intervals



46 A Novel Integrated (OF-HC-EPM) Approach to Study Anxiety Related Depressive Behavior in Mice Model:
A Comparison of Neuro Standards

4. Discussion

Open Field, Hole Cross and Elevated Plus Maze
experimental models are based on innate aversion of
rodents to open space [3]. Integrating these three fields
allowed to utilize a particular subject for all corresponding
tests so as to minimize the time and personality based
differences. However, this integration may have also
generated a complex neurologic condition for a single
subject due to the involvement of many anxiogenic
stressors like diverse test environments, multiple handling
and forced feeding. Keeping this risk in consideration as
well as to nullify the hypothesis regarding sole existence of
any particular psychotic conditions among stress,
depression and anxiety; a blank and a negative control
groups were deployed which demonstrated parameters like
peripheral & central movement, grooming, rearing, stretch
attend posture and freezing. Several treatment approaches
were applied to treat these psychological conditions
including sedatives, anxiolytics and antidepressants.
Different classes of selective and non-selective
neurotransmitter blockers were also tested. Finally,
combined drug therapies were applied to find out the
treatment approach for such anxiety based depressive
behaviors.

Decrease in ambulatory activities indicates persistence
of anxiety and depression [14]. However, unlike peripheral
movements, increase in central area movement indicates
anxiolytic response which is more evident by the increase
in duration at central zone [15]. Increase in peripheral
movements exhibits anxiety perhaps exploratory response
which is argued by neuroscientists. Similarly, number of
rearing in open field and hole crossing in a hole cross
apparatus by the rodents are considered measures for both
locomotion and exploratory behaviors [4, 15]. Such
behaviors are considered to have proportional relation to
anxiolysis. Grooming on the other hand, demonstrates the
decision-making behavior and has a negative relation to the
index of high activity states [16, 17], alongside its
expression as consummatory and washing activities.
Reduced anxiety can also be correlated with the increase in
entries and duration observed in open arms of an elevated
plus maze apparatus [2]. EPM includes conflict of
approach and avoidance and elements of both passive and
active avoidance at the same time (18, 19). Moreover, a
measure of stretch attend posture on open field depicts the
potential of rodent for risk assessment and decision making
which are indicative of anxiolysis as well [20]. On the other
hand, freezing observed in open field was reported as
indicator for high stressed state for rodents [16].

Diazepam increased the grooming response as
development of decision-making behavior. However, the
sedation effect reduced rodent’s potential for risk
assessment (Stretch Attend Posture), locomotion (Rearing),
and mitigation of fear (Entry and Duration at Open Arm).
Diazepam responded as positive allosteric modulator of the

GABAA (y-aminobutyric acid type A) receptor complex
by binding to alpha-gamma subunit interface which
increases neuronal chloride-ion influx, resulting in
hyperpolarization of postsynaptic membranes [21]. The
potentiation of GABAA receptor at 02/a3 subunit isoforms
in limbic system, thalamus, hypothalamus and cerebral
cortex produce calming effect which eventually facilitates
the anxiolysis process [22].

Mirtazapine produces antidepressant effect by two
different mechanisms- by antagonizing the presynaptic
inhibitory adrenergic alpha2-autoreceptors and
alpha2-heteroreceptors as noradrenergic antidepressant;
and by blocking postsynaptic 5-HT2 and 5-HT3 receptors
as specific serotonergic antidepressant [23]. This facilitates
anxiolysis by promoting release of norepinephrine and
5-HT1A-mediated serotonergic transmission, which can be
attributed to the increased grooming response [24]. Like
diazepam, mirtazapine also produced the sedative effect on
mice.

Selective Serotonin Reuptake Inhibitors (SSRIs) are
thought to be effective in anxiety disorders alongside
depressive disorders as the group works by potentiating
serotonergic activity in the central nervous system by
inhibiting neuronal reuptake of serotonin (5-HT) [25,26].
Citalopram therefore, found to be increasing the
ambulatory activities (square crossing, rearing, center
square crossing and EPM entry & duration), decreasing the
freezing condition however, it could not significantly
develop risk assessment behavior.

Anxiety associated with depression is often treated with
selective 5-HT and noradrenaline re-uptake inhibitors
(SNRIs) as serotonin is thought to be involved in regulating
mood and sleep whereas norepinephrine regulates the
fight-or-flight stress response and reactions to anxiety [27].
Duloxetine is believed to bring equilibrium back to the
levels of 5-HT and noradrenaline in the synaptic cleft
which prevents the re-uptake and subsequent degradation
of 5-HT and noradrenaline interacting at their re-uptake
transporters [28]. Unlike citalopram, duloxetine was
associated with reduced ambulation but mitigated fear. Yet,
it failed to produce significant decision-making and risk
assessment potential for animal.

Depression has also been linked to a lack of stimulation
of the post-synaptic neuron by norepinephrine and
serotonin [29]. Imipramine, a tricyclic antidepressant
(TCA) relieves symptoms of depression by inhibiting the
neuronal reuptake of the neurotransmitters norepinephrine
and serotonin [30]. Binding to the sodium-dependent
serotonin transporter and sodium-dependent
norepinephrine transporter it reduces the reuptake of
norepinephrine and serotonin [31]. Such effects were found
through increased locomotor activities both in open fields
and hole cross experiments and decreased high stress level
(freezing).

The rationale of wusing combined anxiolytics
(Flupenthixol) and antidepressant drug (Melitracen) was to
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find out the treatment for novelty induced anxiety based
depression. Flupenthixol exerts its anxiolytic effects by
antagonizing postsynaptic dopamine receptors (D1 and
D2), eventually increasing the amount of serotonin and
noradrenaline in the CNS [32]. Despite the fact that the
actual mechanism has not been yet reported, melitracen
(TCA) is believed to reduce the re-uptake of
norepinephrine and 5-HT at the synapse which results in
high concentration of these neurotransmitters at the
post-synaptic end [33]. The combination developed
decision making and risk assessing ability and alleviation
of fear was evident from its central zone movement but yet,
could not show its effect on parameters of EPM.

Another combination therapy was trialed to investigate
the treatment approach for unconditional stress using
fluphenazine (antipsycotic) and nortriptyline (TCA) [34].
Fluphenazine works by blocking postsynaptic dopamine
D2 receptors in the limbic, cortical system and basal
ganglia [35] whereas nortriptyline exerts its action either
by inhibiting the reuptake of the neurotransmitter serotonin
at the neuronal membrane or interacting with
beta-adrenergic receptors [36]. Therefore, in open field, it
decreased ambulation, increased decision making and risk
assessment behavior and mitigated fear.

Diazepam, duloxetine and the combination of
fluphenazine and nortriptyline were also found to increase
the freezing activity which can be attributed to their
sedative potential and cannot be correlated with high stress
level of mice as their efficacy on other parameters
suggested stress relieving potential.

5. Conclusions

Over the past few decades, improvement in
understanding of neurological behavior became a crucial
need for neuroscientists. Where new method development
is critical and time consuming, a new approach with the
existing method to minimize the gaps can serve the unfilled
demand. The strategy undertaken in the present study has
been validated with standard drugs and thus this integrated
approach has proved to be a useful tool for assessing
anxiety related depressive behavior of rodents.
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