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KURIBARA, H. AND S. TADOKORO. Effects of psychouactive drugs on conditioned avoidance response in Mongolian
gerbils (Meriones unguiculatus): Comparison with Wistar rats and dd mice. PHARMACOL BIOCHEM BEHAV 23(6)
1013-1018. 1985.—In order to examine applicability of Mongolian gerbils as experimental animals in the field of behavioral
pharmacology, the acquisition process of a discrete lever-press avoidance response and effects of psychoactive drugs
thereon were studied. The results were compared with those in Wistar rats and dd mice. The gerbils learned the avoidance
response much better than the rats and mice. The response rates established were higher in an order of the mice, the gerbils
and the rats. Methamphetamine (0.13-1 mg/kg SC). cocaine (2.5-20 mg/kg SC) and morphine (1.3-10 mg/kg SC) facilitated
the gerbils’ avoidance response, i.e., eliciting a dose-dependent increase in the response rate and a slight increase in the
avoidance rate. In contrast, chlorpromazine (0.5-4 mg/kg SC), haloperidol (0.025-0.2 mg/kg SC), pilocarpine (1-8 mg/kg
SC). physostigmine (0.05-0.4 mg/kg SC), pentobarbital (5-20 mg/kg SC) and diazepam (0.5-2 mg/kg SC) suppressed the
gerbils” avoidance response. i.e., eliciting a dose-dependent decrease in both the response and avoidance rates. Atropine
(1.3-10 mg/kg SC) decreased only the response rate without a marked change in the avoidance rate. Scopolamine (0.031-0.5
mg/kg SC) did not produce a marked change in the avoidance response. The qualitative changes in the avoidance response
in the gerbils were similar with those in the rats and mice after administration of central stimulants, antipsychotics.
cholinergic agonists, central depressant and antianxiety drug. though the sensitivities were different. In particular, the
gerbils showed a high sensitivity to the avoidance-suppressing effect of diazepam. The qualitative changes in the gerbils’
avoidance response were different from those in the rats and mice after administration of cholinergic antagonists and
narcotic drug. particularly after the latter drug.
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IN the field of behavioral pharmacology, mice and rats have
been commonly used as the experimental animals. Recently,
however, Mongolian gerbils (Meriones unguiculatus) have
sometimes taken a share in this field. Since the history of this
species as the experimental animal is much shorter than mice
and rat, characteristics of the behaviors and drug-induced
changes in the behaviors have not been established. Particu-
larly. effects of psychoactive drugs on conditioned
avoidance response, which have been studied using mice
[16-19] or rats (cf. {28]), have not been studied in gerbils,
even though characters of gerbils’ avoidance response were
investigated by many researchers [6-8, 22, 24, 25].

In this experiment, we investigated not only acquisition
process of discrete lever-press avoidance response [11,13],
but also effects of various types of psychoactive drugs on the
avoidance response in gerbils. The results were compared
with those in Wistar rats and dd mice. These two species
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have been considered to be excellent in acquisition of the
avoidance response [13-15, 18, 19].

METHOD
Animals

The experimental animals used were 13 male gerbils, 21
male Wistar rats and 54 male dd mice. These animals were
provided by breeding colony of Institute of Experimental
Animal Research, Gunma University School of Medicine.
The gerbils had been housed in groups of 3-5 in Plexiglas
cages of 35 (W) x 25 (D) x 15 (H) cm with wooden-flake
floor mat (White Flake: Charles River Japan Inc., Atsugi).
The mice had been housed in groups of 810 in aluminum
cages of 30 (W) x 20 (D) x 10 (H) cm with the floor mat. The
rats were housed in groups of 3-5 in stainless steel wire mesh
cages of 35 (W) x 25 (D) x 20 (H) cm. Solid diet (MF:
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Oriental Yeast Co., Tokyo) and tap water were freely given
to the animals except during times of avoidance sessions.

The breeding room was artificially illuminated by fluores-
cent lamps on a 12 hr light-dark schedule (light period; 6:00~
18:00), and the room temperature was regulated to 22 + 2°C.

Training of the animals in the discrete avoidance situation
was started at the age of 10 weeks. At that time, the gerbils,
rats and mice weighed 55-70 g, 280-320 g and 28-32 g, re-
spectively.

Apparatus

The experimental chambers for gerbils and mice, 18 (W)
X 9(D) x 10 (H) cm, and for rats, 24 (W) x 20 (D) x 19 (H)
cm, were made of acrylfiber and aluminum boards. A stain-
less steel lever of 2 cm in width, and 3.5 cm or 5 ¢cm in length,
vertically arranged, was set in the side wall of the chamber
for gerbils or mice, respectively. A stainless steel lever of 3
cm in width and 3.5 cm in length, horizontally arranged, was
set in the side wall of the chamber for rats. When a gerbil, a
rat and a mouse pressed the lever with a force of more than 5
g, 10 g and 1.5 g, respectively, a microswitch attached to the
lever was activated, and was recorded as a response. The
behavior-controlling and data-recording apparatus (GT 7705
and GT 7715, respectively: O’hara and Co. Ltd., Tokyo)
were the same with those used in previous experiments [16—
19].

Discrete Avoidance Schedule

The temporal factors of the discrete avoidance schedule
[11,13] were an intertrial interval of 25 sec and a warning
duration of 5 sec. The warning signal was a pure tone of 800
Hz. The shock was an electric current of 100-150 V, 0.5mA, 50
Hz AC, and was given for 3 sec during the training sessions
and for 0.3 sec during drug-testing sessions. During the train-
ing sessions, an escape contingency was considered. The
indices of the avoidance response were a response rate
(lever-presses/min) and an avoidance rate (number of
avoidance responses/number of avoidance trials) during the
session.

Each avoidance session, consisting of 1 hr per day, was
held every other day during the period of training and every
day during the period of drug testing. After 10-15 sessions of
a routine training procedure (16,18], the animals which
achieved a critical level of avoidance rate (equal to or higher
than 75%) were selected as good performing animals. The
drug tests were carried out only using the good performing
animals. All the avoidance tests were held between 9:00~

18:00.

Drugs and Administration Schedules

The drugs tested were methamphetamine HCl (MAP:
Philopon; Dainippon Pharm. Co., Osaka), cocaine HCI
(COCA: Takeda Pharm. Co., Osaka), chlorpromazine HCI
(CPZ: Contomin Inj.; Yoshitomi Pharm. Co., Osaka), halo-
peridol (HPD: Cerenace Inj.; Dainippon Pharm. Co.),
pilocarpine HCI (PILO: Sigma Chemical Co., St. Louis,
MO), physostigmine H,SO,(PHYSO: Sigma Chemical Co.),
atropine H,S0, (AT: Sigma Chemical Co.), scopolamine HBr
(SCP: Sigma Chemical Co.), pentobarbital Na (PB: Nembutal
Inj.; Abbott Lab.. North Chicago, IL), diazepam (DZ: Cercine
Inj.; Takeda Pharm. Co.) and morphine HCl (MOL: Takeda
Pharm. Co.). PB and DZ were diluted in 5% propylene glycol
vehicle, and the other drugs were dissolved or diluted in physi-
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FIG. 1. Acquisition of the discrete lever-press avoidance response
(intertrial interval=25 sec and warning duration=>5 sec) in Mongo-
lian gerbils, Wistar rats and dd mice. Each session consisted of | hr
training (120 avoidance trials) per day. Upper panel: The mean re-
sponse rate (lever-presses/min) with SEM. Lower panel: The mean
avoidance rate (number of avoidance responses/number of
avoidance trials) with SEM.

ological saline vehicle. The doses administered (presented in
Figs. 2-4) were shown in terms of the salt forms. Each volume
administered was fixed to 1 ml/100 g body weight to gerbils
and mice, and | ml’kg body weight to rats. All the drugs were
administered SC immediately before start of the avoidance
sessions, and the avoidance response of each animal was
observed for 1 hr thereafter. The drug-testing sessions were
held twice a week (generally Wednesday and Saturday), and
the days before saline or propylene glycol was administered
as the control sessions. On the other days except on Sunday,
the avoidance response was observed without any treatment
to check stability of the avoidance response. The orders of
the drugs tested were at random among the animals. The
doses of each drug administered proceeded from the lower to
the higher in half of the animals and the reversed order in the
other half of the animals. In each drug testing, 10-40 animals
were used.

Statistical Analysis

Differences in means for the data were made with Stu-
dent’s s test. When p values were equal to or less than 0.05,
they were considered to be significant difference. Compari-
sons between rats and mice have been reported in previous
papers [16,17]. Therefore, the statistical comparisons of
gerbils vs. rats, and gerbils vs. mice were carried out.

RESULTS
Acquisition of the Avoidance Response

One of the gerbils showed an avoidance rate of higher
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FIG. 2. Dose-response effects for methamphetamine, cocaine, chlorpromazine and haloperidol on the discrete lever-press avoidance response
in Mongolian gerbils, Wistar rats and dd mice. Dose 0 denotes administration of physiological saline which was carried out on the days
preceding the drug administration. The avoidance response was observed for 1 hr immediately after the administration of the drugs or saline.
Upper panel: The mean response rates. Lower panel: The mean avoidance rates. Closed symbols indicate significant difference as compared
with the control value (dose=0) within the species (p<0.05). * and +: Significant difference as compared with the values in the rats and mice,
respectively, after the administration of the same drug dose (»<0.05). Ten to 40 animals were used in the experiment.

than 90% after the 3rd session. However, this animal exhib-
ited not only much higher response rate (40-80/min) than the
other gerbils but also an unstable response rate after the Sth
session. Therefore, the data from this animal were excluded
in calculation of mean values.

Figure 1 shows acquisition processes of the discrete
avoidance response in the gerbils, Wistar rats and dd mice in
terms of the response rate (upper panel) and the avoidance
rate (lower panel). The gerbils rapidly learned the avoidance
response, and 12/12 showed an avoidance rate of higher than
90% and a stable response rate of 3~5/min within 4 sessions
of the training. The rats and mice gradually learned the
avoidance response. On the 10th session, the rats and mice
demonstrated mean avoidance rates of about 80% and 709,
respectively. When the training was continued until 15 ses-
sions, the mean avoidance rates in the rats and mice
achieved to 90% and 80%, respectively, and 19/21 of the rats
and 43/54 of the mice showed avoidance rate of higher than
75%. These animals were considered to be good performing
animals, and were used in the drug testing. The response
rates established after the training were higher in order of the
mice > gerbils > rats.

Effects of Psychoactive Drugs

Figures 2-4 show dose-response effects for MAP (0.13—
I mg/kg SC), COCA (2.5-20 mg/kg SC), CPZ (0.5-2 or 4
mg/kg SC) and HPD (0.025-0.1 or 0.2 mg/kg SC) (Fig. 2), for
PIL.O (1-4 or 8 mg/kg SC), PHYSO (0.05-0.2 or 0.4 mg/kg
SC), AT (1.3-10 mg/kg SC) and SCP (0.031-0.5 mg/kg SC)
(Fig. 3), and for PB (420 mg/kg SC), DZ (0.5-2 or 4 mg/kg
SC) and MOR (1.3-10 mg/kg SC) (Fig. 4), respectively.

MAP and COCA, central stimulants, facilitated the
avoidance response, i.e., eliciting a marked increase in the
response rate and a slight increase in the avoidance rate.
After MAP, the highest increase in the response rate was
observed when 0.5 mg/kg was administered to the gerbils,
and | mg/kg to the rats and mice. After COCA, the highest
increase in the response rate was observed when 20 mg/kg
was administered to the three species. The avoidance rate
slightly, but significantly increased after MAP 0.25-0.5
mg/kg in the gerbils and rats, and after COCA 10-20 mg/kg in
the three species. There was no remarkable difference in the
changes in the avoidance rate among the three species after
administration of MAP and COCA.
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FIG. 3. Dose-response effects for pilocarpine, physostigmine, atropine
Mongolian gerbils, Wistar rats and dd mice. The data are shown in the

Both CPZ and HPD, antipsychotic drugs, suppressed the
avoidance response, eliciting a dose-dependent decrease in
both the response and avoidance rates. However, there were
species differences in the sensitivity to the avoidance sup-
pressing effects. The dose-response curves of the avoidance
rate revealed that the sensitivity to CPZ and HPD was higher
in an order of the rats>gerbils>mice.

PILO and PHYSO, muscarinic-cholinergic agonists, sup-
pressed the avoidance response. The dose-response curves
of the avoidance rate revealed that the sensitivity to PILO
was higher in an order of the mice>rats>gerbils, and to
PHYSO in an or of the mice>gerbils=rats.

AT, a muscarinic-cholinergic antagonist, at the higher
doses, slightly but significantly decreased the response rate
in the gerbils and mice, while increased it in the rats. No
marked change in the avoidance rate was observed after
administration of AT to the gerbils and rats. However, the
mice exhibited a significant decrease in the avoidance rate
after 1.3, 2.5 and 10 mg/kg of AT. SCP, another muscarinic-
cholinergic antagonist, did not produce a marked change in
the response rate in the gerbils and mice, while it increased it
in the rats when doses of 0.13 or more were administered.
The gerbils and rats did not exhibit a marked change in the
avoidance rate after SCP. However, the mice tended to show
a slight decrease in the avoidance rate after SCP at the higher
doses.

PB and DZ, a central depressant and an antianxiety drug,
respectively, suppressed the avoidance response, eliciting a
dose-dependent decrease in the response and avoidance
rates except for the response rate in the rats after DZ.The rats
did not show a significant change in the response rate after DZ.
The dose-response curves of the avoidance rate revealed that
the sensitivity to PB was higher in an order of the ger-
bils>rats>mice, and to DZ in an order of the gerbils>rats =
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and scopolamine on the discrete lever-press avoidance response in
same way as in Fig. 2.

mice. In particular, the gerbils demonstrated much higher
sensitivity to the avoidance-suppressing effect of DZ than
the other two species.

MOR, a narcotic drug, facilitated the avoidance response
in the gerbils, eliciting a dose-dependent increase in the re-
sponse rate and a slight increase in the avoidance rate at
doses of 2.5-5 mg/kg. In contrast, MOR suppressed the
avoidance response in the rats and mice, eliciting a dose-
dependent decrease in both the response and avoidance rates
in the rats, and a dose-dependent decrease in the avoidance
rate without a marked change in the response rate in the
mice.

DISCUSSION

First, the present experiment demonstrated that gerbils
readily learn the discrete lever-press avoidance response.
The acquisition speed was much faster and the avoidance
rate established is higher than those of Wistar rats and dd
mice, which have been considered to show a good avoidance
response [13-15, 18, 19]. This result is identical with that
reported by Powell ¢r al. [25] that the learning of free-
operant lever-press avoidance response was superior in the
gerbils than in albino and hooded rats. On the other hand,
Osborne er al. [22] reported that gerbils leamned a discrete
shuttle avoidance response almost in the same speed as in
rats, and that the former showed a longer warm-up period
than the latter.

Mean response rate established in the gerbils was about
3.5/min, which was slightly higher and much lower than
those in Wistar rats and dd mice, respectively. This result
suggests that the gerbils as well as the rats can discriminate
fairly well the warning signal.

In order to study effects of psychoactive drugs on
avoidance responses, a repetition of training of animals is
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FIG. 4. Dose-response effects for pentobarbital, diazepam and morphine on the discrete lever-press
avoidance response in Mongolian gerbils, Wistar rats and dd mice. The data are shown in the same way
as in Fig. 2. However, in the experiments of pentobarbital and diazepam. 5% propylene glycol was

administered on the control sessions (dose=0).

required until an establishment of a high level of the
avoidance rate and a stable response rate. A rapid acquisi-
tion of conditioned lever-press avoidance response in the
gerbils suggests that this species has an advantage as the
experimental animal in the avoidance test.

The qualitative and quantitative change in the avoidance
response in the gerbils was identical with those in the rats
and mice after central stimulants. However, the gerbils
showed a lower response rate after MAP 1 mg/kg than after
0.5 mg/kg. The reason for this result is not explained clearly.
However, it has been reported that higher doses of am-
phetamines sometimes disrupt conditioned behaviors [3,20].

When antipsychotics, cholinergic agonists, central de-
pressant and antianxiety drug were administered, the sup-
pression of the avoidance response in the gerbils were qual-
itatively identical with those in the rats and mice. However,
there were differences in the quantitative changes dependent
on the types of drugs. The characters of the avoidance-
suppressing effects are different among these drugs. The ef-
fects of antipsychotics and cholinergic agonists appear
through catecholaminergic (in particular dopaminergic) and
cholinergic systems in the brain, respectively [10]. General
depressant and antianxiety drugs show sedative effect as
well as muscle-relaxing effect. It is therefore considered that
the neural activities of the brain in the gerbils are different
from those in the rat and mice. It is also considered that the

gerbils show an extremely high sensitivity to sedative and
muscle-relaxing effects of central depressant and antianxiety
drugs. Francis et al. [5] and Pettijohn [23] also reported that
the gerbils demonstrated a higher sensitivity than rats to the
behavior suppressing effects of PB and alcohol, respectively.

On the other hand, the gerbils demonstrated qualitatively
different changes in the avoidance response from those of
the rats and mice after administration of cholinergic
antagonists. This result also suggests different neural activi-
ties of cholinergic systems in the brain among three species.

The most interesting result obtained was the changes in
the avoidance response after administration of narcotic drug.
It has been reported that narcotic drugs show both behavior
facilitating and suppressing effects through affecting cate-
cholaminergic [1, 12, 21, 26, 27], cholinergic {4,21] and
serotonergic [2, 9, 12, 21, 26, 29] systems in the brain. A
dose-dependent increase in the response rate observed in the
gerbils after administration of MOR suggests that the species
easily reflects the behavior, in particular avoidance facilitat-
ing effect of MOR. However, dd mice showed a marked
increase in the ambulatory activity after MOR [19], though
this species shows a marked suppression of the avoidance
response. It can be considered that the avoidance response
and ambulatory activity are mediated by different neural sys-
tems. A further study is required to find a correlation be-
tween changes in the avoidance response and ambulatory
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activity after administration of psychoactive drugs.

In summary, the present experiments demonstrated that

the gerbils sometimes show a different change in the
avoidance response from those in rats and mice after admin-
istration of psychoactive drugs. The species difference may
be mainly due to difference in the neural activities in the
brain. However, we did not examine a neurochemical study
in the present experiment. A further study is required to

. Cheney, D. L.

. Hollinger,
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elucidate behavioral as well as neurochemical and neuro-
physiological characteristics of the gerbils.
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