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ABSTRACT. The present study investigated the character of behavioral disturbances in high
immobilization “depressive” rats. Namely, changes of exploratory, locomotor and motivational-emotional
behavior in the open field. Low immobilization “non-depressive” and high immobilization “depressive”
rats were selected by Porsolt’s forced swim test. We show that “depressive” animals exhibit reduction of
locomotor activity, significant decrease of grooming behavior, apparent reduction in the frequencies of
center entrance and the time of staying in the center of open field. In other words high immobilization
“depressive” rats exhibited complete loss of interest and reduction of exploratory motivation. These
findings indicate that high immobilization ”depressive” rats are characterized by behavioral “despair”
or “refractory loss of interest” in contrast to the low immobility “non-depressive” rats. In conclusion,
genetically determined natural differences in rats behavior in the Porsolt’s forced swim test manifested
in the level of immobility, helplessness in the inescapable device and the speed of surrender to this
situation appeared to be the significant factors that make it possible to reveal more substantial differences
in the behavior between low immobilization “non-depressive” and high immobilization “depressive” rats.
It was shown by us that rats with high immobilization manifest depression-like behavioral disturbances
in the open field test. The ability for real assessment of the level of danger in the new extremely
illuminated area is much diminished and “depressive” rats actually underestimate the surrounding
environment. © 2016 Bull. Georg. Natl. Acad. Sci.
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Unipolar depressive disorder is a heterogeneous

disease, accompanied by the complex of disturbances

of various physiological functions [1]. Changes in

exploratory, locomotor and motivational-emotional

behavior are considered among them [2-7].  Namely,

it is believed that patients with unipolar depressen

suffer from suppression of motivation and emotional

processes and inability to experience pleasure that is

called anhedonia  [1,8]. However, until now the re-

sults of observations are unequivocal in this regard.



120 Melano Shavgulidze, Eka Chkhartishvili, Mariam Babilodze,...

Bull. Georg. Natl. Acad. Sci., vol. 10, no. 3, 2016

In particular, it is not wholly understandable yet, which

components of motivational and emotional behavior

are more vulnerable to this disease. Therefore, the

study of changes in exploratory, locomotor and moti-

vational-emotional behavior in  animals, considered

as an animal model for depressive-like state, is impor-

tant and topical. Using animal models in researches

of pathophysiology of many psycho-nervous dis-

eases is a modern priority approach for many research

institutions in worldwide, including our laboratory

[3,4,6,7,9,10].

Therefore, the aim of the present work was to

study the character of the changes in exploratory,

locomotor and motivational-emotional behavior in

“depressive” rats.

Materials and Methods

Experiments were carried out on adult white wild rats

(weight 200-250 g). Animals were subdivided into two

groups (n=10 in each group): “depressive” (experi-
mental) and non-depressive” (control).  Selection was
made by means of Porsolt’s forced swim test (FST)
[11, 12].

Porsolt’s test apparatus. Porsolt’s test ap-
paratus represents an acrylic glass  cylinder filled with

water from which animal can’t escape. Animals are
subjected to two trials, during which they are forced

to swim in the cylinder. The first trial lasts 15 minutes.

Then, after 24-hours, a second trial is performed that

lasts 5 minutes. The time that the animal spends in

the first and second trials without making any move-

ments, beyond those required to keep its head above

water, is measured. This is the immobility

time.  Modern implementations of the test score swim-

ming and climbing behaviors separately. Duration of

immobility time is one of most adequate indicator for

depressive-like state in rats.

Open field test. Changes in exploratory, moti-

vational and emotional behavior were studied in open

field test (OF) [13]. OF is an arena of 96 cm in diameter

with walls (50 cm in height) to prevent rats escape.

Commonly, on the arena of the field the squares are

marked by white lines (each square is 12 cmІ). The
periphery is lighted by three light bulbs (60 watts

power), while the center is lighted by one light bulb

(100 watts).

Rearing and time spent moving, number of crossed

squares, sniffing ad had rising are used to assess the

locomotor and exploratory activity of the rodents.

The OF test is also often used to assess emotional

behavior and anxiety  by including additional meas-

ures of defecation, urination, number of entrance in

the center of open field and time spent in the center

of the field. At the beginning of the experiment rats

are placed on the periphery of the OF and then their

behavior is explored during 10 minutes. Obtained re-

sults are treated for the first 5 min, second 5 min and

for the whole 10 min of exploration. Separate analysis

of the data from the different periods of observation

might reveal the level of habituation to the OF and

possible changes of habituation in “depressive” rats.
All procedures were conducted with the NJH

Guide for the Care and use ot Laboratory Animals

(Eighth Edition 2011) and were approved by the Ani-

mal Care and use Commitee of the I.Beritashvili Center

of Experomental Biomedicine.

Statistical Treatment. Results were treated sta-

tistically by means of Student’s t test. *=p<0.05 and

**=p<0.01 were taken as the levels of significance.

Results and discussion. It should be noted that

numerous studies attempted to better understand the

mechanisms and pathophysiology of human depres-

sive state. However, the problem is still far from the

final decision. Undoubtedly, development of animal

models reproducing most symptoms of human de-

pression is topical and there were many attempts in

this direction [3,4,6,7,9,10,14-18]. Despite this the

potential need for the animal model of depression

more appropriately reproducing all the signs of hu-

man depressive state still remains. Our study is the

one more attempt to this direction. Like previous au-

thors in the present study we used genetically deter-

mined natural differences in the behavior of rats in

the FST [19]. Therefore, “non-depressive” and “de-
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pressive” rats were selected by means of FST de-
vice. This test gave us possibility to select rats as

“depressive” and “non-depressive” according to the
level of immobility, helplessness in the inescapable

situation and the speed of surrender.

It appears that the main time in the FST apparatus

is spent by one part of rats in swimming and search-

ing for a way out of the cylinder. Rats swim and climb

mainly during the first and second experimental trials

and these behaviors take 64% and 67% for the first

and second day of experiments respectively (Fig.1A,

gray columns). Duration of their immobilization time

is very short - 36% of 15 min for the first day and 33%

of 5 min for the second day experiments (Fig.1A, red

columns).  Therefore, these rats constituted the low

immobility “non-depressive” control group.
Another part of the rats are naturally prone to

depressive state, which manifests itself in the fact

that after inserting into the FST cylinder they surren-

der very soon and spend the most of their time in the

water in hanging state. Immobilization time for such

rats is very high – 70% of 15 min for the first day, 73%

of 5 min for the second day (Fig.1B, red columns).

Time spent in swimming and climbing is very short -

30% of 15 min for the first day, 27% of 5 min for the

second day (Fig.1B, grey columns), therefore these

rats constituted high immobilization “depressive”

group.

FST is a common tool widely used now for evalu-

ation of the efficacy of anti-depressant drugs and

the effects of various behavioral and neurobiologi-

cal manipulations in basic and preclinical research

[12, 20-22]. It is described as a rendering situation, in

which “behavioral despair” is induced; that is, the
animal loses hope to escape the stressful environ-

ment [11, 12]. Because of popularity of FST there is a

wealth of data regarding the effects of various anti-

depressants in the FST. This allows researchers to

compare and contrast their own results with the oth-

ers (see 19 for review). Another area where the FST is

used is neurogenetic research, in which the genetic

basis of depression-related behaviors is investigated.

In this regard, the FST has proven to be useful in

basic research related to the neurobiology and ge-

netics of mood disorders [22].

It is a well known fact that depressive patients

are characterized by some behavioral disorders, re-

duced general activity and locomotion and general

loss of interest among them. These behavioral items

are readily to investigate in rodents by OF test desig-

nated for the measuring of behavioral responses such

as locomotor activity, exploratory and emotional

behaviors. OF is also used as a measure of anxiety

and fear. This technical device is based on well-

Fig. 1. Percent relationship between activity (assessed by swimming and climbing) and immobility times in FST in “non-
depressive” (A) and “depressive” (B) rats

1. Data for the first day experiment in FST, 2. Data for the second day experiment in FST. ** =p<0.01.
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known fact that rats naturally have a tendency to

avoid brightly illuminated, novel, open spaces. It is a

stressful situation that naturally does produce inhi-

bition of exploratory behavior at first, but in healthy

rats OF arena after short period of staying in it be-

comes not extremely stressful. In other words, com-

petition between exploratory and fear emotions ap-

pear at first and finally rats start exploration of novel

space, that is healthy animals are aware in real per-

ception of the level of stressfulness of OF. There-

fore, it was very interesting for us to investigate:

character of behavioral disturbances of “depressive”
rats in OF area; degree of perception of novelty and/

or stressfulness of OF situation and possibility of

“depressive” animals really percept the level of
stressfulness in the novel surrounding. These ques-

tions were posed by us early too in animal model of

depression characterized by deficiency of brain

monoamine/serotonin content [6].

It appeared that rats from the low immobilization

and high immobilization groups significantly differ

each from other in their behavior in OF test. Namely,

Fig.2 represents the data concerning the changes in

horizontal locomotor and exploratory activity accord-

ing to the number of crossed squares in these two

groups of animals. For the parallel assessment of the

process of habituation to the OF area that can be a

direct indicator for the degree of perception of nov-

elty and/or stressfulness of OF situation the data

were analyzed for the first 5 min, second 5 min and

whole 10 min of observation. Data presented in Fig.2

clearly show that high immobilization “depressive”
rats are less active in the OF area. It is manifested in

significant reduction of the number of crossed

squares in comparison to the control “non-depres-
sive” rats.

Differences between the data of control and ex-

perimental groups are approximately equal for all pe-

riods of exploration (Fig.2.1; Fig.2.2 and Fig.2.3). The

number of crossed squares in high immobilization

“depressive” rats is by 25% less for the first 5 min
periods of exploration, 20% less for the second 5 min

period of exploration and consequently by 22.5% less

for the whole 10 min period of exploration in compari-

son to the low immobilization “non-depressive” rats
(Fig.2). The process of habituation to the OF area,

assessed by the number of crossed squares, was

significantly faster in control “non-depressive” rats,
than in high immobilization “depressive” rats.

The qualitative values of the indices for vertical

activity in OF area (head rising, rearing) were also

sharply reduced in “depressive” rats. Fig. 3 repre-

Fig. 2. Changes in horizontal locomotor activity according to the number of crossed squares in high immobilization
“depressive” rats.

1. Data obtained for the first 5 min of observation, 2.Data obtained for the second 5 min of observation, 3. Data obtained
for the whole 10 min of observation. * = p<0.05.
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Fig. 3. Changes in vertical locomotor activity according to the number of head risings and rearing in high immobilization
“depressive” rats.

1. Data obtained for the first 5 min of observation, 2. Data obtained for the second 5 min of observation, 3. Data obtained
for the whole 10 min of observation. ** = p<0.01.

sents the changes in the number of head rising and

rearing (vertical standing) and results of statistical

treatments show that the number of head risings un-

dergoes to the gradual significant reduction during

the first and second 5 min periods of exploration.

The value of this index becomes two times re-

duced in high immobilization “depressive” rats in
comparison to low immobilization “non-depressive”
ones  (Fig.3.A.1 and 3.A.2).  Thus, the process of

habituation to the OF area assessed by the number

of  head risings is also faster in control “non-depres-
sive” rats. As for the number of rearing (vertical stand-
ing) this index becomes 2 times reduced in “depres-
sive” rats (Fig.3B).

In conclusion, presented results indicate that

horizontal and vertical locomotor activity is reduced

and exploratory behavior becomes suppressed in the

high immobilization depressive rats.

The parameters of OF test indicating the changes

of motivational emotional behavior of animals were

Fig. 4. Changes in motivational emotional behavior assessed by the rate of the entrances in open field center and
grooming in high immobilization “depressive” rats

1. Data obtained for the first 5 min of observation, 2. Data obtained for the second 5 min of observation, 3. Data obtained
for the whole 10 min of observation. ** = p<0.01.
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analyzed separately. Those are the number of entrances

in the center of OF area, grooming behavior, defeca-

tion and urination. It appears that the number of en-

trances in the center of open field area undergoes to

the significant changes, namely its value for all three

periods of observation equals almost to zero (Fig.4A).

In other words, the intensity of fear emotion be-

comes so elevated in ,,depressive” rats that they do
not enter the center of OF during the whole period of

observation, and if so they are moving mainly at the

periphery of OF area in contrast to the control ,,non-

depressive” rats.
It is worth mentioning that, naturally, the rate of

grooming in OF area is not high in intact rats. The main

reason for this is the specificity of OF arena because it

represents the new highly illuminated stressful situa-

tion for rats and for this reason the majority of control

animals are showing grooming behavior only 3-4 times

during the whole period of observation. This value

becomes lesser in the high immobilization “depres-
sive” rats. Reduction is evident in the first and second
5 min periods and consequently for the whole 10 min

of observation (Fig.4B).  It appeared that the rate of

urination was also very low in control non-depressive

rats and became lesser in the high immobilization “de-
pressive” rats in the first and second 5 min periods of
exploration and consequently for the whole 10 min of

observation in OF area (Fig.4A). The rate of defeca-

tion was increased in the high immobilization “depres-
sive” rats in comparison to the data of control non-
depressive rats (Fig.5B).

Thus, we found that high immobilization, depres-

sive rats” exhibit significant diminution of locomotor
activity. They are apparently depressed in OF during

the whole period of staying in it. These findings are

in agreement with the results obtained earlier on

Flinders’ sensitive line rats [2]. This exaggerated im-

mobility is not unexpected; there is literature indicat-

ing that cholinergic agonists accentuate and cholin-

ergic antagonists reduce swim test immobility. Hasey

and Hanin [2, 23] confirmed the acute depressive ef-

fects of cholinergic agonists (i.e., physostigmine) on

swim test immobility. These investigators also re-

ported that these cholinergic effects could be par-

tially counteracted by noradrenergic manipulations,

and they proposed a balance model reminiscent of

the original adrenergic/cholinergic balance model of

affective disorders [2].

It was also shown in the present work that high

immobility “depressive” rats are characterized by sig-
nificant elevation in the level of fear emotion that is

expressed in the sharp decrease of the number of center

entrances, grooming and increases in the number of

defecation. Changes of exploratory and emotional

Fig. 5. Changes in motivational emotional behavior assessed by the rate of the urination and defecation in high immobili-
zation “depressive” rats.

1. Data obtained for the first 5 min of observation, 2. Data obtained for the second 5 min of observation, 3. Data obtained
for the whole 10 min of observation. ** = p<0.01.
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behavior were studied for the first time by us. These

are very significant measures for depressive-like state

in animals and we found very interesting results in

these respect. Namely, it was shown that “depressive”
animals exhibit significant decrease of grooming

behavior an indicator in norm of animal’s desire put
himself in more comfortable state. Apparent reduction

were evident in the frequencies of center entrance and

the time of staying in the center of OF, in other words,

high immobility “depressive” rats exhibited complete
loss of exploratory motivation. We think that the loss

of interest is not related to the enhancement of fear

emotion only. Such a notion is directly supported by

unchangeable values of the rate of urination. These

findings indicate that high immobility “depressive”
rats are characterized by behavioral ‘despair’ or “re-
fractory loss of interest”.

In conclusion, genetically determined natural dif-

ferences in rats behavior in the FST, manifested in

the level of immobility, helplessness in the inescap-

able situation and the speed of surrender to this situ-

ation, are those significant factors that makes possi-

ble to reveal more substantial differences in the OF

behavior between “non-depressive” and “depres-
sive” rats. Namely, it was shown by us that rats with

high immobilization, which surrender more quickly in

the FST, manifest depressive-like behavioral distur-

bances in the OF test. They are characterized by sig-

nificant suppression of general activity, locomotor

and exploratory behavior and elevation of fear emo-

tion. The ability for real assessment of the level of

danger in the new, extremely illuminated area is much

diminished and they actually underestimate the sur-

rounding situation.

adamianisa da cxovelTa fiziologia

kvleviTi, lokomotoruli da motivaciur-
emociuri qcevis cvlilebebi maRali
imobilizaciis “depresiul” virTagvebSi

m. SavguliZe*, e. CxartiSvili*, m. babiloZe*,
n. rogava*, n. naWyebia*

* i. beritaSvilis eqsperimentuli biomedicinis centris Zil-RviZilis ciklis neirobiologiis
laboratoria, Tbilisi, saqarTvelo

(warmodgenilia akademiis wevris T. naneiSvilis mier)

winamdebare SromaSi Seiswavleboda qceviTi darRvevebis xasiaTi maRali imobilizaciis
,,depresiul” virTagvebSi, kerZod, kvleviTi, lokomotoruli da motivaciur-emociuri
qcevis cvlilebebi Ria velSi. maRali imobilizaciis ,,depresiuli” da dabali
imobilizaciis ,,aradepresiuli” virTagvebis gadarCevisTvis porsoltis iZulebiTi curvis
testi gamoiyeneboda. naCvenebi iqna, rom ,,depresiuli” cxovelebi lokomotoruli qcevis
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reduqciiT xasiaTdebian. isini aCveneben agreTve grumingebis mniSvnelovan daTrgunvas,
rac miuTiTebs, rom ,,depresiul” virTagvebs daqveiTebuli aqvT sakuTari Tavis movlis da
ufro komfortul mdgomareobaSi yofnis survili. mkveTrad aris Semcirebuli Ria velis
centrSi Sesvlis sixSire. sxva sityvebiT rom iTqvas maRali imobilizaciis ,,depresiuli”
virTagvebi aCveneben interesis srul dakargvas da kvleviTi motivaciis reduqcias. miRebuli
Sedegebi miuTiTebs, rom maRali imobilizaciis ,,depresiuli” virTagvebi qceviTi
,,uZlurebiT” da ,,interesis refraqtoruli dakargviT” xasiaTdebian.

amrigad, genetikurad ganpirobebuli bunebrivi gansxvaveba virTagvebis qcevaSi, iZu-
lebiTi curvis testSi, rac vlindeba imobilizaciis doneSi, TavdauRwevad wyliT savse
garemoSi ganviTarebul uZlurebaSi da am situaciisadmi danebebis siCqareSi, aRmoCnda is
mniSvnelovani faqtori, romelic SesaZlos xdis ufro safuZvliani qceviTi gansxvavebebis
gamovlenas maRali imobilizaciis ,,depresiul” da dabali imobilizaciis ,,aradepresiul”
virTagvebs Soris. kerZod, SromaSi naCvenebi iqna, rom maRali imobilizaciis virTagvebi,
romlebic ufro advilad nebdebian iZulebiTi curvis testSi, avlenen depresiuli
daavadebis msgavs qceviT darRvevebs Ria velSi. ,,depresiul” virTagvebSi daTrgunulia
axali, zedmetad ganaTebuli, aredan momavali safrTxis aRqmis unari, isini realurad
ver afaseben garemomcvel ares.

REFERENCES:

1. Nestler E. J.,  Barrot M.,  DiLeone R. J.,  Eisch A. J.,  Gold S. J.,  Monteggia L. M.(2002) Neuron. 28: 34, 13-25.
2. Overstreet D. H., Friedman E., Mathe A. A., Yadid G. (2005) Neurosci. Biobehav. Rev. 29: 4-15.
3. EI Yacoubi M., Bouali S., Popa D., Naudon L., Leroux-Nicollet I., Hamon M., Costentin J., Adrien J., Vaugeois

J.M. (2003) Proc. Nat. Acad. Sci. USA. 100, 2: 6227-6232.
4. Popa D., Lena C., Alexandre Ch., Adrien J. (2008) the J. of Neuroscience. 28, 14: 3546-3554.
5. Cohen-Woods S., Gaysina D., Craddock N., Farmer A., Gray J., Gunasinghe C.,  Hoda F., Jones L., Knight J.,

Korszun A., Owen M. J., Sterne A., Ian W., Craig I. W., McGuffin P. (2009) Hum. Mol. Genet. 8, 18: 1504–1509.
6. Mchedlidze O., Dzadzamia Sh., Butskhrikidze M., Tsomaia V., Nachkebia N. (2011) Georgian Medical News.

198, 9: 76-82.
7. Chkhartishvili E., Maglakelidze N., Babilodze M., Chijavadze E., Nachkebia N. (2011) Georgian Medical News.

200, 11: 107-112.
8. Manji H. K.,  Drevets W. C.,  Charney D. S. (2001) Natl. Med. 5, 7: 541-547.
9. Mitchell P. J., Redfern P. H. (2005) Current Pharmaceutical Design. 11: 171-203.
10.Nachkebia N.G., Chkhartishvili E. V., Nachkebia. A.J., Chijavadze E. O., Babilodze M. R., Dzadzamia Sh. Sh.,

Oniani N.T.  (2007) Sleep. P 0047.
11.Porsolt R. D., Pichon M.L., Jalfre M.  (1977) Arch. Int. Pharmacodyn. Ther.266: 730–732. 
12.Porsolt R. D., Bertin A., Jalfre M. (1978) Eur. J. Pharmacol. 51, 5: 291–294. 
13.Hall C. S. (1934) Journal of Comparative Psychology. 18: 382-403.
14.Vogel G.W., Buffenstein A., Minter K., Hennessey A. (1990) Arch. Gen. Psych. 14, 1: 49-63.
15.Overstreet  D.H. (1993) Neurosci Biobehav. Rev.  17,6: 51–68.
16. Drugan R. C., Basile A. S., Ha J. H., Healy D., Ferland R. J. (1997) Brain Res. Protocol. 2, 4: 69-74.
17.Vollmayar B., Henn F.A. (2001) Brain Res. Protocol. 8, 2: 1-7.
18.Meaney M. J. (2001) Annual Rev. Neurosci.   24, 5: 1161-92.
19.Hascoйt M., Bourin M. (2009) 42, 9: 85–118.
20.Petit-Demouliere B., Chenu F., Bourin M. (2005) 177, 9: 245–255.
21.Millstein R. A.,  Holmes A. (2007) Neurosci. Biobehav. Rev.  1, 31: 3-17.
22.Can A.,   Dao D. T.,   Arad M.,  Terrillion Ch. E.,   Piantadosi S. C.,  and   Gould T. D.(2012) J. Vis. Exp. 59, 10:

3638-3791.
23.Hasey G., Hanin I. (1991) Biol. Psychiatry. 29:127–138.

Received  June, 2016


	00_Sarchevi 16_3..pdf
	01_Papukashvil.pdf
	02_Purtukhia.pdf
	03_Babilua.pmd.pdf
	04_Assari.pmd.pdf
	05_Japaridze.p.pdf
	06_Yavari.pdf
	07_Gelashvili.pdf
	08_Prangishvil.pdf
	09_Kazmaier.pdf
	10_Gugushvili.pdf
	11_Akimidze.pdf
	12_Okrostsvari.pdf
	13_Gligvashvil.pdf
	14_Naneishvili.pdf
	16_Amiranashvi.pdf
	Page 1

