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Lack of Neuronal Adaptive Changes
Following Chronic Treatments
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E. A. KELLER, V. A. MOLINA AND O. A. ORSINGHER

Departamento de Farmacologia, Facultad de Ciencias Quimicas
Universidad Nacional de Cérdoba, Sucursal 16, C.C. 61, 5016 Cdrdoba, Argentina

Received 16 January 1990

KELLER, E. A., V. A. MOLINA AND O. A. ORSINGHER. Lack of neuronal adaptive changes following chronic treatments in
perinatally undernourished rats. PHARMACOL BIOCHEM BEHAYV 37(4) 675-678, 1990. —Reactivity of presynaptic dopaminer-
gic and alpha,-adrenoceptors following repeated stress or desipramine treatment was investigated by means of apomorphine (APO)-
or clonidine (CLO)-induced hypoactivity, respectively, in adult rats undemourished at perinatal age. Under basal conditions, a
comparable hypoactive response was observed in control and experimental animals following either APO or CLO administration.
Chronic DMI or repeated immobilization sessions attenuated the hypoactivity elicited by APO or CLO in control animals; however,
this effect was not observed in experimental rats. These findings demonstrate that deprived animals show impairment to produce
neuronal adaptive changes in response to appropriate stimuli, which may account for the behavioral alterations attributed to early
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undernutrition.
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NUMEROUS studies have pointed out permanent alterations in
different anatomical, neurological and neurochemical parameters
in adult animals submitted to undernutrition at perinatal age
(19,32). However, the relationship between these alterations and
the behavioral abnormalities observed in these animals is still not
clearly understood. Behavioral studies have shown that early
undernutrition induces, among other changes, alterations in emo-
tionality and responsiveness to stress (2, 3, 5, 10, 17, 22-24).
These abnormal patterns could be defined as maladaptive re-
sponses to stressful situations.

On the other hand, there is increasing evidence that adaptation
and resistance to many of the adverse effects of stress are related
to adaptive changes in catecholaminergic receptors (27). Accord-
ingly, down-regulation of brain beta-adrenoceptors, as well as a
diminished response to cyclic AMP accumulation stimulated by
noradrenaline (NA), is evoked after different schemes of repeated
stressors, in a temporal correlation with the occurrence of adap-
tation and resistance to many of the adverse effects of stress
(27,28). Moreover, behavioral observations have pointed out a
reduced reactivity of presynaptic dopaminergic and alpha,-adreno-
ceptor sites following chronic but not acute stress, in the same
temporal correlation with beta-adrenoceptor down-regulation (6,7).
Accordingly, we have recently reported that adult rats, submitted
to a protein deprivation schedule at perinatal age, failed to produce
down-regulation of beta-adrenoceptors in frontal cortex and hip-
pocampus after prolonged DMI treatment (16). This has led us to
suggest that the lack of adaptive changes in response to appropriate
stimuli may be responsible for the abnormal behaviors attributed to
early undernutrition.
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The present work deals with the modulatory capacity of
presynaptic dopaminergic and alpha,-adrenoceptors in response to
repeated stress situations or DMI treatment. With this purpose we
evaluated in perinatally undernourished rats the reactivity of these
sites by means of apomorphine (APO)- and clonidine (CLO)-
induced hypoactivity in animals previously submitted to repeated
sessions of immobilization or chronic DMI treatment.

METHOD
Deprivation Schedule

A protein deprivation schedule as previously described (18)
was used. Briefly, female rats (Wistar strain) were divided into
two groups at 14 days of pregnancy and fed isocaloric diets
containing 24% and 8% casein (controls and deprived, respective-
ly). Diets contained 4 g/kg DL-methionine. After weaning (30
days), pups continued consuming the same diet as their dams until
50 days of age. Both groups were given balanced standard chow
thereafter for at least 90 days prior to the experiments, i.e., at
trials, rats were at least 140 days old. Animals were maintained at
22+2°C in a 12-hr light-dark cycle, lights on at 07:00 hr. Food
and water were ad lib.

Experimental Design

Four experiments were performed. In Experiment I, motor
activity in control and deprived rats induced by apomorphine was
analyzed in groups with prior DMI treatment. In Experiment II, a
similar behavioral parameter induced by clonidine was assessed



676

after DMI administration. Experiments III and IV examined
similar dependent variables when stress induced by restraint was
followed by either APO (Experiment IIT) or CLO (Experiment IV)
administration. In each experiment control and experimental
conditions were defined by an initial 2 X2 x 2 factorial design.
The factors under consideration were: nutritional treatment (de-
prived and control); postnatal chronic treatment (DMI or saline for
Experiments I and II; stress or nonstress for Experiments III and
VI) and drug administration prior to testing (APO or saline in
Experiments I and III; CLO or saline in Experiments Il and V).

Postnatal Treatment

Adult male rats from both groups (control and deprived) were
treated with DMI HCI1 (20 mg/kg/day IP) or saline (1 ml/kg/day IP)
for 7 days.

Other groups of control and deprived rats were immobilized for
2 hr daily in a Plexiglas restraining device for 7 consecutive days.
Animals were restrained between 10:00 and 14:00 hr. The respec-
tive control groups (unrestrained) were placed in their home cages
in the same room as restraint animals.

Measurement of Hypoactivity

In the groups of animals treated with DMI or saline the
locomotor activity was determined 48 hr after the last injection; in
the groups of animals restrained chronically and nonrestraint, this
activity was determined 24 hr after treatment. Locomotor activity
was measured in a square open field (60X 60X 60 cm) with
15 X 15 cm squares delineated in the floor. Animals (treated with
DMI or saline; restrained or unrestrained) were tested 5 min after
saline (1 ml/kg, SC) or APO (25 pg/kg, SC), respectively. Other
groups of animals (with about the same described treatment) were
tested 20 min after saline (1 mb/kg, IP) or CLO (75 wng/kg, IP).
Testing was performed between 10:00-17:00 hr under tenuous
white light in a quiet room. The number of squares entered with
four paws over a period of 10 min was recorded.

Drugs

Clonidine HCI (Catapresan, Boehringer), apomorphine HC]
(Sigma Chemical Co.), and desipramine HCI (Laboratories Mont-
pellier, Buenos Aires) were used in these experiments.

Statistical Analysis

Data were analysed by means of ANOVA followed by a least
significant difference Fisher test set at 0.05.

RESULTS

Effect of Chronic DMI Administration on APO-Induced
Hypoactivity in Deprived and Control Rats

No difference was observed in basal locomotion nor in the
hypoactivity response induced by APO, between control and
deprived rats without antidepressant treatment. A 7-day treatment
with DMI reduced the hypoactivity induced by APO in control
animals. In contrast, perinatally deprived rats did not show the
attenuating effect of chronic DMI treatment on APO-induced
hypoactivity (Fig. 1).

Effects of Chronic DMI Administration on CLO-Induced
Hypoactivity in Deprived and Control Rats

As depicted in Fig. 1, similar values of motor activity were
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FIG. 1. Effects of chronic administration of DMI on APO-induced hypo-
activity in deprived and control rats. Control and experimental rats were
administered with DMI (20 mg/kg/day) or saline during 7 days and 48 hr
after SAL or APO (25 pg/kg) was given SC. Five minutes after the SAL
or APO injection the animals were placed in a open-field and motor ac-
tivity (number of squares entered) was recorded for 10 minutes. Each
column represents the mean+S.E.M. of 8-13 animals. *Significantly
different from comparable control groups, p<<0.05 (Fisher test).

obtained after saline or CLO in control and deprived rats without
antidepressant treatment. Figure 2 shows the attenuating effect of
chronic DMI treatment on CLO-induced hypoactivity in control
rats. In contrast, chronic DMI administration failed to reduce CLO
sedative effects in deprived rats.
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FIG. 2. Effect of 7-day DMI treatment (20 mg/kg/day) on CLO-induced
suppression of motor activity in deprived and control rats. Animals received
CLO or saline 48 hr after the last DMI or saline injection; motor activity
was assayed 20 min after in the open-field. Each column represents the
mean* S.E.M. of 8-13 rats. *Significantly different from comparable
control groups. p<<0.05 (Fisher test).
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FIG. 3. Effect of chronic stress on APO-induced hypoactivity in deprived
and control rats. Locomotor activity was measured 24 hr after the last
immobilization session in a square open-field. Animals were tested 5 min
after APO or saline. Each column represents the mean+S.E.M. of 8-13
animals. *Significantly different from comparable control groups, p<<0.05
(Fisher test).

Effects of Chronic Stress on APO- and CLO-Induced
Hypoactivity in Control and Deprived Rats

Control rats submitted to repeated immobilization sessions
showed a decrease in the sedative response elicited by APO or
CLO. In contrast, scores obtained from experimental rats did not
show any significant differences between stressed and unstressed
animals following either APO or CLO administration (Figs. 3
and 4).

DISCUSSION

As previously described, chronic DMI treatment or immobili-
zation sessions reduced hypoactivity provoked by low doses of
APO or CLO in control animals (6, 7, 11, 13, 21, 25). This
behavioral response is attributed to stimulation of presynaptic
dopaminergic and alpha,-adrenoceptors, respectively (20,26).

Our results demonstrated that experimental rats submitted to
chronic stress or DMI treatment failed to induce subsensitivity of
presynaptic dopaminergic and alpha,-receptors. This lack of
adaptive response was evidenced by the similar hypoactivity
response obtained after APO or CLO administration in untreated
and treated animals.

We have recently described that rats submitted to a similar
deprivation schedule failed to reduce beta-adrenergic receptor
density in frontal cortex and hippocampus after prolonged DMI
treatment. Since deprived rats have lower density of beta-adren-
ergic sites in basal conditions (14,16), the ineffectiveness of
chronic DMI to elicit down-regulation could be related to an
impairment to cause any additional decrease. In the present report,
deprived rats showed a similar response to controls after APO or
CLO administration in basal conditions. Furthermore, we have
reported no basal differences between deprived and control rats in
the density of dopaminergic receptors from striatum and accum-
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FIG. 4. Effect of chronic stress on CLO-induced hypoactivity in deprived
and control rats. Locomotor activity was measured 24 hr after the last
immobilization session in a square open-field. Animals were tested 20 min
after CLO or saline. Each column represents the mean = S.E.M. of 8-13
animals. *Significantly different from comparable control groups, p<0.05
(Fisher test).

bens areas (4). These facts suggest that the absence of modula-
tory capacity observed in undernourished rats following DMI
administration or stress sessions may be independent of the basal
density of these sites.

In recent years, it has been proposed that habituation and re-
sistance to many adverse behavioral and physiological conse-
quences of stress are related to several adaptive responses in the
central monoaminergic system (6, 7, 27, 28). Thus, different
schemes of repeated stressors evoke down-regulation of brain be-
ta-adrenoceptors as well as a diminished response to cyclic AMP
accumulation stimulated by noradrenaline (27,28). In a similar
way, behavioral observations have pointed out a reduced reactiv-
ity of presynaptic dopaminergic and alpha,-adrenoceptor sites fol-
lowing chronic but not acute immobilization (6,7). Similar adaptive
changes are also evoked in chronically antidepressant-treated rats
(1, 8, 21, 25, 30, 31). Therefore, it has been proposed that anti-
depressant therapy response represents a form of adaptation to
stress (27). There is a growing awareness that adaptive changes
in catecholaminergic receptors may play a role in the mainte-
nance of normal behaviors after exposure to stressful or aversive
events. The fact that our experimental animals showed inability
to produce subsensitivity in presynaptic dopaminergic autorecep-
tors and alpha,-receptors after chronic DMI treatment or repeated
sessions of stress suggests that the lack of adaptive process fol-
lowing chronic stimulation that may be responsible for the abnor-
mal behaviors attributed to early undernutrition. This interpretation
is supported by previous reports that demonstrated a diminished
reactivity to different pharmacological treatments in adult rats de-
prived at early life, at both peripheral and central levels. In this
regard, subsensitivity to adrenergic agonists on the vascular bed
(9) and other sympathetic innerved organs (15), in addition to a
lower reactivity to the central effects of 5-HT agonist (12), was
observed. These data also suggest the possibility that human sub-
jects inadequately fed during childhood may display altered re-
sponsiveness to therapeutic drugs later on.



678

KELLER, MOLINA AND ORSINGHER

ACKNOWLEDGEMENTS

This work was supported by grants from Consejo Nacional de Investi-
gaciones Cientificas y Técnicas (CONICET) and from CONICOR (Co6r-

doba, Argentina).

REFERENCES

. Banerjee, S. P.; Kung, L. S.; Riggin, S. J.; Chanda, S. K.

Development of B-adrenergic receptor subsensitivity by antidepres-
sants. Nature 268:455-456; 1977.

. Bamnes, R. H.; Moore, A. U.; Reid, 1. M.; Pond, W. G. Learning

behavior following nutritional deprivations in early life. J. Am. Diet.
Assoc. 51:34-39; 1967.

. Barnes, R. H.; Neely, C. S.; Kwong, E.; Labadan, B. A.; Frankova,

S. Postnatal nutritional deprivations as determinants of adult rat
behavior toward food, its consumption and utilization. J. Nutr.
96:467-476; 1968.

. Brioni, J. D.; Keller, E. A.; Levin, L. E.; Cérdoba, N.; Orsingher, O.

A. Reactivity to amphetamine in perinatally undernourished rats:
Behavioral and neurochemical correlates. Pharmacol. Biochem. Be-
hav. 24:449-456; 1986.

. Brioni, J. D.; Orsingher, O. A. Operant behavior and reactivity to the

anticonflict effect of diazepam in perinatally undernourished rats.
Physiol. Behav. 44:193-198; 1988.

. Cancela, L. M.; Molina, V. A. Reduced apomorphine-induced

sedation following chronic stress. Eur. J. Pharmacol. 134:117-119;
1987.

. Cancela, L. M.; Volosin, M.; Molina, V. A. Chronic stress attenua-

tion of a,-adrenoceptor reactivity is reversed by naltrexone. Pharma-
col. Biochem. Behav. 31:33-35; 1988.

. Chiodo, L. A.; Antelman, S. M. Repeated tricyclics induce a

progressive dopamine autoreceptor subsensitivity independent of daily
drug treatment. Nature 287:451-454; 1980.

. Del Basso, P.: Keller, E. A_; Salica, C.; Orsingher, O. A. Vascular

reactivity in perinatally undernourished rats. Eur. J. Pharmacol.
87:107-111; 1983.

. Frankova, S.; Barnes, R. H. Effect of malnutrition in early life on

avoidance conditioning and behavior of adult rats. J. Nutr. 96:
485-493; 1968.

. Gower, A. J.; Marriot, A. S. The inhibition of clonidine-induced

sedation in the mouse by antidepressant drugs. Br. J. Pharmacol.
69:287P; 1980.

. Hall, R. D.; Leahy, J. P.; Robertson, W. M. Hyposensitivity to

serotonergic stimulation in protein malnourished rats. Physiol. Behav.
31:187-195; 1983.

. Heal, D. J.; Lister, S.; Smith, S. L.; Davies, C. L.; Molyneux, S. G.;

Green, A. R. The effects of acute and repeated administration of
various antidepressant drugs on clonidine-induced hypoactivity in
mice and rats. Neuropharmacology 22:983-992; 1983.

. Keller, E. A.; Munaro, N. I.; Orsingher, O. A. Perinatal undernutri-

tion reduces alpha and beta adrenergic receptor binding in adult rat
brain. Science 215:1269-1270; 1982.

. Keller, E. A.; Munaro, N. I.; Orsingher, O. A. Peripheral adrenergic

subsensitivity in adult rats undernourished at perinatal age. Arch. Int.
Pharmacodyn. 268:88-94; 1984.

. Keller, E. A.; Cuadra, G. R.; Molina, V. A.; Orsingher, O. A.

Perinatal undernutrition affects brain modulatory capacity of beta
adrenergic receptors in adult rats. J. Nutr. 120:305-308; 1990.

17

8

20.

21.

24.

25.

26.

27.

28.

29.

30.

31.

. Levitsky, D. A.; Barnes, R. H. Effect of early malnutrition on the
reaction of adult rats to aversive stimuli. Nature 225:468-469; 1970.
. Marichich, E. S.; Molina, V. A.; Orsingher, O. A. Persistent changes
in central catecholaminergic system after recovery of perinatally
undernourished rats. J. Nutr. 109:1045-1050; 1979.
. Morgane, P. J.; Miller, M.; Kemper, T.; Stern, W.; Forbes, W.; Hall,
R.; Bronzino, J.; Kissane, J.; Hawrylewicz, E.; Resnick, O. The
effect of protein malnutrition on the developing central nervous
system in the rat. Neurosci. Biobehav. Rev. 2:137-230; 1978.
Nomura, Y.; Oki. K.: Segawa, T. Pharmacological characterization
of central a-adrenoceptors which mediate clonidine-induced locomo-
tor hypoactivity in the developing rat. Naunyn Schmiedebergs Arch.
Pharmacol. 311:41-44; 1980.
Serra, G.; Argiolas, A.; Klimek, V.: Fadda, F.; Gessa, G. L. Chronic
treatment with antidepressants prevents the inhibitory effect of small
doses of apomorphine on dopamine synthesis and motor activity. Life
Sci. 25:415-424; 1979.
. Smart, J. L. Long lasting effects of early nutritional deprivation on the
behavior of rodents. Psychiatr. Neurol. Neurochir. 74:443-452; 1971.
. Smart, J. L.; Dobbing, J.; Adlard, B. P.; Lynch, A.; Sands, J.
Vulnerability of developing brain: relative effects of growth restriction
during fetal and suckling periods on behavior and brain composition of
adult rats. J. Nutr. 103:1327-1338; 1973.
Smart, J. L.; Dobbing. J. Increased thirst and hunger in adult rats
undernourished as infants: an alternative explanation. Br. J. Nutr.
37:421-429; 1977.
Spyraki, C.; Fibiger, H. C. Functional evidence for subsensitivity of
noradrenergic receptor after chronic desipramine treatment. Life Sci.
27:1863-1867; 1980. .
Strombom, U. Catecholamine receptor agonists: effects on motor
activity and rate of tyrosine hydroxylation in mouse brain. Naunyn
Schmiedebergs Arch. Pharmacol. 292:167-169; 1976.
Stone, E. A.; Platt, J. E. Brain adrenergic receptors and resistance to
stress. Brain Res. 237:405-414; 1982.
Stone, E. A.; Platt, J. E.; Trullas, R.; Slucky, A. R. Reduction of the
cAMP response to norepinephrine in rat cerebral cortex following
repeated restraint stress. Psychopharmacology (Berlin) 82:403-405:
1984,
Stone, E. A. Central cyclic-AMP-linked noradrenergic receptors:
New findings on properties as related to the actions of stress.
Neurosci. Biobehav. Rev. 11:391-398; 1987.
Sugrue, M. F. Effects of acutely and chronically administered
antidepressants on the clonidine-induced decrease in rat brain 3-
methoxy-4-hydroxyphenylethylene-glycol sulphate content. Life Sci.
28:377-384; 1981.
Sulser, F. New perspectives on the mode of action of antidepressant
drugs. Trends Pharmacol. Sci. 1:92-94; 1979.
. Wigging, R.: Fuller, G.; Enna. S. Undernutrition and the develop-
ment of brain neurotransmitter systems. Life Sci. 35:2085-2094:
1984.



