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 EFFECT OF DIAZEPAM TREATMENT ON THE COMPETITIVE BEHAVIOR OF MALE RATS AND.
. . ASSESSMENT OF ANXIETY IN COMPETING RATS b . -
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- Department of Pharmacology and Toxicology, Facully of Pharmacy, Suez Canal University, Ismailia, Egypt

ABSTRACT B : ,
The current study was carried out (o investigate the effeet of dipzepum (reaiment on the compelitive behavior of male rats and assess
the level of anxiety in the competing rats, Forty-four food-deprived rats were individually trained to consume a 50g regular food
pellet whose signaled delivery at 30 seconds interyals. The subjeets were housed as fixed dyads throughout the study to enhance the
establishment of stable dominance hierarchy in the dyods. Aecording to the results of the competition sessions, the twenty-two dyads

~were classificd into 12 stable dyads and 10 unsteble dyads. One hall'of each class of dyads was assigned for the anxicty study, while

- possibility  of

the_ather half was specified for the competition study. Winners and Josers were trented with-diazepam. 0.5mg/kg. i.p. 30min bel‘prc
testing. The anxiometer. LI* 3206 control unit was tsed (o assess aniety level in the animals, The 1otal trial length time was 5
minutes, Diazepam treatment of both stable winners and losers has disrupted the socinl hicrarchy: treatment with diazepam enhanced

-the competitive behavior of few inhibited animals. In contrast. diazepam treatiment could establish a stable dominance ranking in the

previously 10 unstable dyvads of rats. The Vogel conlict west showed that both winners and losers in difTerent dym{s had :x?cricnccd

different Tevels of anxiety. Treatment with diazepam could enhance the behavior of inhibited animals and it significantly mcrtasc_d
the number of shoeks received by the sable losers, The anxiolytic effeet of dinzepam was evident in the unsiable dyads, It is
concluded that socinl housing of ruts could produce n dominanee hlerrehy: this mordel eould Induce a stafg of anxlety in these

animals: treatment with an anxiolytic agent could improve their state of anxlety and enhance their competitive behavior,

INTRODUCTION

In human societies, interpersonal relationships
constitute the main source of adverse and chronic
stressful sitwations', The social stress generated in
these relationships is considered one of the main
etiological factors in the development of different
emotional disorders, including anxiety. depression'”
and substance abuse', Thus, long-term relations of
dominance-subordination appear to provide a suitable
madel for studying the behavioral changes associated
with chronic -stress™ and (heir relationship with the
development of psychopathologics. Animal research

hhas revealed that subordinate animals may experience a

high level of nonspecific threat coupled with a real
physical  attack™. These  animals
experience profound changes in their physiological and
behavioral mechanisms'®.

Since the majority of stressful stimuli, which
produce psychopathologies in human, are ol social
nature, the study ol the consequences of social stress in
experimental animal models is considered 1o be of

-wreat interest™, A number of different animal models

for psychopathologies in human have been developed

on the basis of stressful social stimuli, and have been
- found 10 have bath face and predictive validity™, One

of .lhcse‘psyclmsqcinl stress models is based "on the
resident-intruder paradigm, developed initially by

. Miczek™, Subsequently, numerous variations - have

been developed on the basis of this model, These
nclude cvaluation of spontancons Tighting among,
mdwidual - rats 0 social groups!""

“behavior - for a sexually  receptive Temale™,  or

rats’

competitive behavior of animals for palntable food"™

Inthis maodel, dominanee and - subordination aie
- delined o Lompetition -trials  that - measure. how
" Auceessiul food-deprived rats atsceessing food at-the
- expense-of the opponen ™, o '

The present study was earried out 10 investigare

the et of diazepam on the competitive behavion of
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competifive

il Mudy the possible 'n.-l:niumh_ih belween the

levels of anxiety and the competitive performance in
these animals.
MATERIAL AND METHODS

Forty four male rats, obtained from the National
Institute of Drug Control and research (Cairo, Egypt),
with initial body weight 120+30 g were used in the
present study. Animals were individually housed in
stainless steel cages measured 35X25X20cm. Animals
were kept at 25£3°C, with_illumination on a 12/12 hr
light-dark cycle throughout the study, Food and tap
water werc available ad libitum for one-weéek
accommadation period. Tap water was also available
ad libitum during the remainder of the study. However, .
during that time, the animals were food-deprived to
enhance compelition for food. Food availability was
restricied Lo a daily session of feeding for 2 hrs (3:00-
5:00p.m) after the experimental sessions for that day
were concluded. The body weight of the animals has
increased by 10-30g at the end of the study.

Food-deprived rats were individually trained to
consume a S0g regular food pellet whose signaled
delivery at 30 seconds intervals. Food pellets were
delivered through a glass tube, 20em long and lcm
diameter, into a food pol in the home cage. Food pellet
delivery oceurred manually immediately. after the

- ringing of a stimulus bell, Ten pellets were delivered

per session. Rats were trained ‘daily, one session per
day for 6 days. :
Following completion of training. subjects were
assigned 1o dyads -(two rats per cage): based on
similarity in the body weight. Ench rat was coded with
specilic color (red or blue) using food coloring applied
to the tail (1wice a week) in order to distinguish: each
rat within its specilic dyad, ollowing formation of 22
dyads, two leeders were supplied 1o the cage during the
two-hour feeding session to enhance food availability

(o all subjects. Excess-food was available during the

feeding session: The' subjects were housed as -fixed .-
dyads  throughout “the  study . 1o enhance ‘the

L

establishment” of siable dominance hicrarchy in the.

o

b g R



El-Suycd El-Awady

.dyads. After a suficient time has clapsefi (E!w‘“"-:s!:z
since dyads formation. dominance ranking A
nssuseg-o mpetition est sessions were conducted t!.lll)i
(10:00a.m-3:00p.m) in the home coge of the a.m.nuln‘
dyads. The food-deprived animals competed for e
delivered food pellets. Competition was -..uu'ctl F)y
direct observation. The animal got a seore vl one pomt
for each ingested Tood pellet, The competition score Tor
cach animal /session is determined by adding up the
number of ingested pellels per session. A vl wis
ranked as a winner or loser in a specific session based
on its composite score within its specific dyad in that
session. A final rank order of animils - wis
determined based on the average score ol six
consecutive daily sessions. A stable dominance ranking
was achieved when subjects maintained the same rank
position within a given dyad for four or more
conseculive sessions. Rals in a given unstable dyads
could not maintain the same rank order for more than
three consecutive daily sessions.

Anxiety test: The Vogel conflict test of anxiety:

Vogel et al."" developed a conflict procedure -
the Vogel conflict test- in which male rats were water-
deprived for 48 hours and. during u test session ol 3
min, drinking was punished by a mild but aversive
electric shock delivered via the spout of the bottle
every 20 licks. Accordingly, a specific, drug-induced
increase in the number of shocks taken (equivalent 1o
water drunk) was considered to reflect anxiolytic
properties of a drug treatment; a decrease in the
number of shocks taken by the animal reflects a state of
anxiety.

Relatively few studies have modified the
parameters of the Vogel conflict test in order to render
it more sensitive to anxiogenic agents: this is important
since, in particular where novel mechanisms of action
are under exploration and drug actions are not known.
it is advantageous that both increases and decreases in
anxiety can be revealed,

The Vogel conflict test has proven of
importance in the characterization of diverse classes of
anxiolytics, and there remains considerable scope for
its continued and improved application in the
identification of novel agents and in the exploration of
their mechanism(s) of action. The robust action of
benzodiazepines in the Vogel conflict test parallel their
clinical efficacy in patients; such observations support
the notion that positive results in the Vogel conflict test
are of clinical relevance. Common with other conflict
models responsive to benzodiazepines, the Vogel
conflict test is of rather broad significance 1o clinical
anxiety"”, Further, the Vogel conflict test appears 1o

be of particular relevance 1o generalized anxiety
disorders'"®),
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Experimenial procedures for testing an Xicty:

The shock parameters were ser, shock
was | second. and shock intensity was 0.3mAn,
licks/shock ratio (LSR) was lixed at 20-licks |
the total trial length (TTL) time w

length
P. The
-shock;

as 5 minus, A

shock was supplicd each time the 1SR is compleged:
the TTE e stnted only alter the first complenon of

the LSR. The wial run until the 171,

completed.

Study design:

e wys

According to the results of the competition
sessions, the twenty-two dyads were classilied into 12
stable dyads and 10 unstable dyads. One hall of each
class ol dyads was assigned for the aniety study.
while the other half was specilied for the competition
study. The study design and treatment regimens are
summarized in table 1.

Table (1): A summary ol the study design
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i RESULTS

In the currenmt study, the continued housing of
animals in dypds has produced a stable dominance
hierarchy in 12 dyads of rats. The competition study
has revealed a sigmficant difference in the average
competition score between winners and losers (Stable

ISSN 1110-5089

winners. 8.1#0.d4 vs. Stable losers, 1.9£0.6, p< 0.05,
figure 2). In contrast, there was no significant
difTerence between the average compelition score of
winners and losers of ten unstable dyads of rats (figure

2).
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Figure (2)t Lieut of duazepao teatment (0 Amg/hp. 1 phon the average compennon scores of 6 conseculive sessions of winners and losers
acvims O pairs of stable dyads of rats

“Winniers are significantly ditferent lrom eoeresponding losens st p=<0 L

Diazepam treatment of bath stable winners and
Tosers s distapied the social erarchy - reatment with
dinzepam onhanced the competitive behavior ol Tew
whibited animals, two previous losers became winners
alter treatment in 4 comsecutive competition sessions
ontaln,

In conrrast. dinacpam treatment conkd establish
p stable dommanee rankiog o the previonsh 10

wstable dyads of rats. Figure 3 shows that there is a
signilicant difference between the average competition
score of winners and losers of these dyads after
rrestment with diazepam (Unstable winners after

wremtment, 7 921.3 vs. Unstable losers afler treatment,

2.1+07. p<005) Three unstable winners became
winners m 4 out of 6 consecutive sessions of
compelifion '
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behavior of inhibited animals and
increased the number of shocks receiy
losers (Stable losers before treatiment, 8+2.1 shocks vs.

)il-Snyed fil-Awadly

ol conflict lest "‘""m‘d. mil‘l-iclll':::;

The Vop in different dyads had .L'\p" Hron
winners and 'osc;.sm“icl)'. Figure 4 shm\-s‘ll_uu 'L e
different levels ?-ciw-: a higher number of” shocks .|\
winners could |n-’ts|ublc losers; (he later were '"’H"I‘:
F%Tl:;;:er;d(g:a;l: winners. 24+3.2 shocks vs. Stable
in

losers, 8001 shoeks, n00ns, Ty . Wiinel, ,
evident in the unstable Uy iy (ligure

significant  differenee
unstable winners and
relatively mbibited,

Wis obseryey
losers (Nire .y
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Figure {4): Number of shocks received by
' *Winners are

Treatment with diazepam could enhance the

it significantly
ed by the stable

winners and losers in hoth stable nnd
signilicantly difyerem corresponding

unstable dyads of rrs

i Semm anvieny qesy
losers ul p-0) 5

Stable losers after treatment. 26z2.8 shocks. pe 0.03,

figure 3). No significant change was noted in (he slatus
of stable winners,
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The anxiolvtic elfect of diazepam was evident

in the -unstable winners (Unstable winners  before

rreatment, 10£1,7 shocks vs. Unstable winners afler -

ISSN 1110-5089

elfect was demonstraled by the unstable losers
(Unsiable losers before treatment. 16£3.9 shocks vs.
Unstable losers aller treatment, 2143.4 shocks, figure

6). o & :

ireatment, 2342 shocks, p< 0.05, ligure 6). A lower
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Figure (6): EMect of dazepam treatment (0 Smg/ke, 1p) on the

*Sigmificant paired t<test at p<.3

DISCUSSION

In the present model. the social housing of rats
could produce dominant and subordimate animals in
their specific dyads in a competition setting.. Dominant
{(winners) and subordinate (losers) animals experienced
different levels of anxiety in the current Vogel conflict
tesl.

It has been found that repeated experiences ol
social defeat or subordination is a psychosocial factor
that_provokes physiological and behavioral alterations
in rodents that are related to neuro-endocrine changes

coupled 1o a0 nepative emotional state tpical of

anxivus/depressive symptoms in human®'™ and are

. sensitive to antidepressants treatments'™,  Further,
many studies have shown that dominant individuals are

. also subject to the negative effects of clironic social
stress™. Nevertheless. dominant individuals scem to
be able to habituate themselves to the situation, while
subordinates continue (0 show  severe eflects of
expasure to stress for prolonged periods™"”,

In agrcement with the previous findings. the
current study - indicated that losers suffered from
" higher level of anxiety as_reflected by the o ver

number of “shocks received by (hese animalst this
‘anxiety was relieved by diazepam treatment,

~ Among the various behavioral changes observed
in animals of social defeat, which are considered

“hehaviaral signs ol depression, we can bighlight -

hypophagia®" and the alteration of circadian rhytlims
and  the  sleep-awake  cycle®™ A decrease in
explorugry sictivity has also been ohserved within the

subject’s vwn cage. in open lield testand in the activity -

* box. and an incrense in time spent immobile™, -

Wi awell knawn thal depression is oien
Secntupinicd by an anvions pathology, and ndeed,
: many symptoms of depression and anxiety overlap and
T comarbility hetween - depression - ang ety

_depressive humans,

number of shocks recenved by winners and losers of § unstable dyads of rats m a 5-
min annicty session

disorders is more a rule than an exception. Anxiety is a
prominent and prevalent symptom of depression” .
Various studies have found that an increase in anxiety
in defeated mice, manifested through a decrease in
losers interaction behavior towards other conspecifics.
Repeated defeat diminishes the total amount of time
spent by mice near the barrier that separates them from
their dominant counterpant™®. This decrease in social
interaction between male rodents in the laboratory has
been related to a decrease in social communication,
which may be caused by the development of anxiety
and  depression™, Sindies  using  anxiety  tests
demonstiated that social defeat has been consistently
related to an increase in anxious behavior in the plus-
maze test, both in rats and mice®”. )

It is widely known that stress provokes an
activation of the noradrenergic system, which gives
rise to an increase in the release of noradrenaline and
chimges in the adrenergic receptors®™. In situations of
psychosocial stress,-an increase has been observed in
the tyrosihe-hydrox;lnse enzyme in the locus coeruleus
ol subordinate rats"”, along with a reduction of alpha-

2 adrenoceptors in the prefrontal cortex of animals”

subjected to defeat™. The down regulation of these
autoreceplors occurs during the early phases of stress
and reflects high levels. of norepinephrine, while

- chronie stress produces an 'u!:-regulmi_on indicative of
- low levels of norepinephrine®"
. the brains of depressive human patients have revealed

. Pastmortem studies of

low levels of norepinephrine as well as an’ up

cregulation of alpha-2 adrenaceptors in a number of

difterent cerebral area™, All these data suggest similar
mechanisms are activated in-both stressed animals and’

Despite  the et that, “as - shown

Ve
- ¢ = "y
e

S N above, -
individuals subjected to social siress through defeat are . -
more yulerable 1o the development: of. depressive .~
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R srature thit
anxious disorders, dala exist in !Lu.l'lllsllt:::lls “l;y o
suggest that m_ainlcnancc ol d't:n:in:i:  siess redfiniss
aggressive suhj:ﬂ;‘l:“:l‘li:)lfwlll‘! si?ul:\::iduul.:. i\lnmcmus data
and exact a cos 3 : ”; biccts i

at the profile of dominant sub

:I;l::;clslrlized by gympaihetic ‘}YPCWC‘W“Y- .couI:::l:!
with greater behavioral activation and more C:IS m!r’
attempts than their subordinate cmm.u:rpa“se h;
Although dominant subjects also show an incre o
corticosterone levels, adrenal and spleen weight. l IIL. ¢
changes are less pronounced than those vbserved i
suberdinate subjects™?, '

In the present study, the stable losers, which
were exposed to repeated experience of defeat, had
showed an clevated level of anxiety. ']’reulmum‘ of lht‘:su
animals with diazepam produced an anxiolytic action
and could enhance their competitive behavior; this had
led to disruption of the dominance hierarchy.

Although the majority of data indicates lhm‘
defeat increases anxiety indexes, in (he case of

" experiences of victory in dominant individuals the
results are not so consistent. It has been found that

aggressive dominant animals show a more anxious

behavior than their subordinate counterparts,

presenting a coping strategy volving a greater degree
of risk assessment behavior and avoid
arms in the plus-maze®. Thus dominant rats in
situations of unstable soci

al hierarchy showed a
decrease in serotonin transporter bonding™® that has
been related 10 an increase in anxiety®. In contrast 10

this anxious effect of social stress in dominant rats, an
anxiolytic effect of repeated victory has been observed
in the absence of physical injury in ras exposed 10
aggressive encounters with an intruder®™”, Dominant
rats in the resident-intruder model also show an
anxiolytic profile in the open field, with greater
locomotor and exploratory activity™,

The present result indicated that no significant
difference in competition scores was observed between
unstable winners and losers; both had comparable
competition scores and levels of anxiety. In contrast 1o
the stable winners, the unstable “non-secure” winners

suffered from a higher leve) of anxiety. Treatment with
diazepam had an a

nxlolytlc effect on these anlmals and
produced a stable dominance hierarchy in 3 dyads;
improving the status of anxie

ty was not enough 1o
achieve an overall enhancement of the rather complex
behavior of competition.  Further  spudies
recommended 1o investigate  the

e effects of dj
competitive behavior of animals,
The study of dominance using the dominani-
submissive relationship seems o be a useful 100} for
i ¢ mechanisms involved in

anee ol open

are
underlying
azepam  on

ILis concluded that social housing of rats could
produce q dominance hierarchy; this model could
: ms!uce a state of anxiety in thege animals; treatment
wui? AN anxiolytic agen could improve
anxiety and enhance the

ir competitive behavigr,

their state or
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