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KELLER, E. A., L. M. CANCELA, V. A. MOLINA AND O. A. ORSINGHER. Lack of adaptive changes in 5-HT 
sites in perinatally undernourished rats after chronic stress: Opioid influence. PHARMACOL BIOCHEM BEHAV 47(4) 
789-793, 1994.-The reactivity of 5-HT receptors following repeated immobilization sessions or after immobilization plus 
morphine was measured through 5-mcthoxy-N,N-dimethyltryptamine (5-MeODMT) or 8-hydroxy-2-(dipropyl-amino)tetralin 
(8-OH-DPAT)-induced serotonergic syndrome in adult rats undernourished at perinatal age. Repeated stress enhanced the 
scores of forepaw treading and hindlimb abduction elicited by 5-MeODMT in control animals. In a similar way, forepaw 
treading induced by 8-OH-DPAT was enhanced in chronically stressed control rats. These results indicate the development of 
supersensitivity in 5-HTI receptors. Conversely, this effect was not observed in undernourished animals. Morphine injections 
before each stress session instaured the increased reactivity to 5-HT1 sites in malnourished animals. An injection of naloxoue 
prior to morphine before each stress session fully antagonized the increased behavioral reactivity to 5-MeODMT observed in 
deprived animals. A possible deficiency in the functional role of the opiate system involved in the process of adaptation to 
chronic stress in early undernourished rats is suggested. 

Protein malnutrition 5-HT receptors Chronic stress Opiate agent 

EARLY undernutrition leads to several behavioral disturb- 
ances at adult age. Among these changes, malnourished rats 
present alterations in different behavioral tasks which involve 
stressful stimuli (2,4,9,15,21-23). Therefore, it seems likely 
that perinatal undernutrition could permanently affect the 
ability to display an adequate behavioral coping strategy dur- 
ing highly aversive events. 

It is well known that exposure to a single stress event in- 
duces different adverse effects such as reduced locomotion, 
marked anorexia, and decreased growth rate and body weight 
(1,11,14,18). Upon chronic exposure, most of these changes 
disappear, indicating that a process of adaptation to stress has 
developed to protect the organism against recurrent stressors 
(11,14,18). Parallel to the refief of these effects, chronic stress 
induces several adaptive changes on monoamine receptors (5- 
8,14,24-26); therefore it has been suggested that these changes 
on monoamine sites are functionally linked to the onset of the 
adaptation process to stress. Among these adaptive changes, 
chronic stress leads to a reduced reactivity of presynaptic DA 

sites and of o~2-adrenoceptors as well as to an increased be- 
havioral reactivity of 5-HT sites (6-8,14). Unlike controls, 
stressed animals undernourished in early life did not present 
modifications in their behavioral reactivity either on presynap- 
tic DA sites or on ot2-adrenoceptors (13). Consequently, to 
explore whether this deficiency may be extended to 5-HT sites, 
we have evaluated the behavioral reactivity of these receptors 
to 5-MeODMT (an agonist of 5-HT sites) and 8-OH-DPAT 
(agonist of 5-HT~ sites) following repeated exposure to re- 
straint. 

According to previous observations (5,7,8), activation of 
an endogenous opiate system seems to be critically involved in 
the development of the adaptive changes following chronic 
stress. A reduced release of 8-endorphin has been reported 
following shock exposure in early malnourished rats (19, 
20,29). Therefore, an additional goal of the present study was 
to analyze whether an alteration of an opiate process could be 
underlying the lack of adaptive responses to chronic stress 
shown by malnourished rats. Thereby, we studied the influ- 

i To whom requests for reprints should be addressed. 
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ence o f  the combined treatment with morphine and stress on 
the behavioral response induced by 5 -MeODMT and 8-OH- 
DPAT.  Furthermore,  each immobil izat ion session was pre- 
ceded by naloxone (opioid antagonist) before morphine,  and 
the behavioral  response induced by 5 -MeODMT was evalu- 
ated in one group of  deprived animals.  

METHODS 

Deprivation Schedule 

A protein deprivation schedule was used as previously de- 
scribed (17). Briefly, female rats (Wistar strain) were divided 

into two groups at 14 days of  pregnancy and fed with isoca- 
loric diets containing 24°7o and 8% casein (controls and de- 
prived, respectively). 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). Deprived and control male rats used in these experiments 
came from different litters (i.e., sibling replication was consis- 
tently avoided). Body weights for control and deprived rats 
were 312 _+ 8.7 g and 239 +_ 6.1 g, respectively, when experi- 
ments were performed.  Animals were maintained at 22 + 
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FIG. 1. Effect of chronic immobilization alone, associated with morphine or with 
naloxone on the behavioral responses to 5-MeODMT in deprived and control rats. 
Saline (1 ml/kg IP), morphine (1 mg/kg IP), or naloxone (2 mg/kg IP) were injected 
before each immobilization session. Additional groups of rats were daily injected 
with saline, morphine, or naloxone for seven days. In one group of deprived animals 
each immobilization session was preceded by naloxone 5 rain before morphine; the 
respective control group received daily injections of naloxone + morphine for seven 
days. All rats were injected with 5-MeODMT (5 mg/kg IP) 24 h after the last drug 
administration and/or immobilization session. Bars represent mean + SEM of 8-14 
animals for each group. (a) *Different from control unstressed rats (/7 < 0.001). 
**Different from control stressed rats (p < 0.00l). +Different from deprived stressed 
rats treated with saline (p < 0.002). + +Different from deprived stressed rats treated 
with morphine (p < 0.001) (Mann-Whitney U test). (b) *Different from control 
unstressed rats (p < 0.003). **Different from control stressed rats (p < 0.002). 
+Different from deprived stressed rats treated with saline (p < 0.002). + +Different 
from deprived stressed rats treated with morphine (/7 < 0.001) (Mann-Whitney U 
test). 
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2°C in a 12-h l ight-dark cycle, lights on at 0700 with food 
and water ad lib. 

Procedure 

Adult male rats from both groups (control and deprived) 
were immobilized for 2 h a day, beginning always between 
1000 and 1200, by placing them in a Plexiglas restraining de- 
vice adjusted for the body size of  the animals for seven consec- 
utive days. Additional groups of  control and deprived rats 
were immobilized with the same schedule preceded by saline 
(1 ml/kg IP), morphine (1 mg/kg IP), or naloxone (2 mg/kg 
IP) 10 rain before the onset of  restraint. The respective control 
groups (unstress + saline, unstress + naloxone, or unstress 
+ morphine) received dally injections of  saline, naloxone, or 
morphine for seven days. In one group of  deprived animals 
each immobilization session was preceded by naloxone 5 rain 
before morphine; the respective control group (unstress + 
naloxone + morphine) received daily injections of  naloxone 
+ morphine for seven days. In all experimental and control 
groups of  animals the behavioral response induced by 5- 
MeODMT was determined 24 h after the last restraint session 
and/or  injection. 

In another set of  experiments, the behavioral response in- 
duced by 8-OH-DPAT was analyzed in groups of  control and 
deprived rats submitted to the same schedule of  immobiliza- 
tion with saline (1 ml/kg IP) or morphine (1 mg/kg IP) injec- 
tion 10 rain before the onset of  restraint. The behavioral re- 
sponse induced by 8-OH-DPAT was determined 24 h after the 
last restraint session and/or  injection. 

Behavioral Studies 

Behavioral experiments were performed in a quiet room at 
20--24°C between 1200 and 1600. Animal behavior was ob- 
served while subjects were in a plastic cage (50 cin diameter) to 
which they had been accustomed by placing them individually 
there for at least 30 rain before the experiments. Behavior was 
observed by one of  the authors who was blind to the treat- 
ments. Following 5-MeODMT administration (5 mg/kg IP) 
rats were observed for continuous scoring periods of  2 rain 
separated by l-rain nonscoring intervals over a total observa- 
tion period of  19 rain beginning 2 min after 5-MeODMT ad- 
ministration. As previously described by Kennett et al. (14), 
intermittent behavior (forepaw treading) in each scoring pe- 
riod was scored on a 0-4 scale: 0 = absent, 1 = present once, 
2 = present several times, 3 = present frequently, and 4 = 
present continuously. Continuous behavioral responses (hind 
limb abduction, Stranb tall, and tremor) were scored on a 0-4 
range of  relative intensity: 0 = absent, 1 = perceptible, 2 = 
weak, 3 = medium, and 4 = maximal. 

In the experiment with 8-OH-DPAT, the behavioral re- 
sponse was evaluated for periods of  2 min separated by 1 rain 
of  nonscoring intervals over a total observation period of  25 
rain beginning 2 rain after 8-OH-DPAT (0.5 mg/kg SC) ad- 
ministration. Forepaw treading or head weaving (intermittent 
behavior) and flat body posture (continuous behavior) were 
scored as mentioned above. 

Drugs 

Morphine-HCl (Lab. Verardo, Buenos Aires), naloxone- 
HCI (Sigma Chemical Co., St. Louis), and 8-hydroxy-2-(di- 
propyl-amino) tetralin (Research Biochemicals Inc., Natick, 
MA) were dissolved in saline. 5-Methoxy-N,N-dimethyltryp- 
tamine (Sigma) was dissolved in saline using a few drops of 

glacial acetic acid. Injections were made at a volume 0.1 ml /  
100 g body weight for all drugs. 

Statistics 

The 5-HT behavioral syndrome induced by 5-MeODMT 
and 8-OH-DPAT was analyzed using a Kruskal-Wallis test 
followed by a two-tailed Mann-Whitney U test. 

RESULTS 

AS described in previous works from other laboratories 
and from our own (8,14), a schedule of immobilization for 
2 h dally for seven days in control rats induced, 24 h after the 
last session, an enhanced behavioral response to 5-MeODMT 
with significant increases in forepaw treading and hindlimb 
abduction scores as revealed by Kruskal-Wallis test (Fig. 1). 
Other behavioral effects of  5-MeODMT such as tremor or 
Straub tall were not significantly increased (data not shown). 
Pretreatment with naloxone completely abolished the increase 
in the 5-HT-dependent behavioral response to 5-MeODMT in 
control rats chronically stressed by seven days (Fig. 1). In 
deprived rats, chronic immobilization failed to enhance the 
behavioral responses to 5-MeODMT as observed in control 
rats (Fig. 1). However, when morphine was administered prior 
to each restraint session, the scores of forepaw treading and 
hind limb abduction were enhanced to a level similar to that 
obtained in chronically stressed control rats (Fig. 1). The pre- 
treatment with morphine in chronically stressed control ani- 
mals did not modify the degree of enhancement with respect 
to the observed with immobilization alone. The administra- 
tion of naloxone prior to morphine abolished the increased 
behavioral response to 5-MeODMT observed in chronically 
stressed deprived rats treated with morphine only (Fig. 1). The 
single administration of seven dally injections of morphine 
and/or  naloxone in deprived and control rats did not affect 
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FIG. 2. Effect of chronic immobilization alone or associated with 
morphine on the behavioral response to 8-OH-DPAT in deprived and 
control rats. Saline or morphine (1 mg/kg IP) was injected before 
each immobilization session. Additional groups of rats were daily 
injected with saline or morphine for seven days. All rats were injected 
with 8-OH-DPAT (0.5 mg/kg SC) 24 h after the last immobilization 
session. Bars represent mean + SEM of 6-10 animals for each group. 
*Different from control unstressed rats Co < 0.001). **Different 
from deprived stressed rats treated with saline Co < 0.002) (Mann- 
Whitney U test). 
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the different components of  the behavioral response to 5- 
MeODMT (Fig. 1). It should be addressed that the behavioral 
response to 5-MeODMT was similar when unstressed deprived 
and control groups were compared. The only exception was 
the hind limb abduction component, which is attenuated in 
unstressed deprived rats as compared to that observed in un- 
stressed controls. 

In the same line, the chronic immobilization schedule in 
control rats induced an increase in the forepaw treading re- 
sponse elicited by 8-OH-DPAT as revealed by Kruskal-Wallis 
test (Fig. 2). Other behavioral effects of  8-OH-DPAT such as 
head weaving and flat body posture were not modified (data 
not shown). In a way similar to the previously described with 
5-MeODMT, the forepaw treading induced by 8-OH-DPAT 
was not enhanced in chronically stressed deprived rats as in 
chronically stressed control rats (Fig. 2). However, when mor- 
phine was administered prior to each stress session, the score 
of  forepaw treading was enhanced to a level similar to that 
obtained in chronically stressed control rats (Fig. 2). 

DISCUSSION 

As previously observed in our own and in other labor- 
atories (8,14), chronically immobilized control animals 
displayed higher scores of  forepaw treading and hindlimb ab- 
duction than unstressed rats following 5-MeODMT adminis- 
tration. Other behavioral components such as tremor and 
Straub tall remained unmodified. Conversely, the same regime 
of  chronic stress did not alter the behavioral reactivity to 5- 
MeODMT in malnourished animals, since similar behavioral 
scores were obtained in stressed and nonstressed deprived rats. 
When behavioral response after 5-MeODMT was observed in 
nonstressed deprived and control rats, similar forepaw tread- 
ing scores were found. However, hindlimb abduction values 
from nonstressed deprived rats were lower than those of  non- 
stressed control rats. Though the latter results could, at least 
in part, agree with previous work (10), it should be noted that 
no difference was found in the hypotermic effect of 5- 
MeODMT between deprived and control rats (3). 

In the same way, similar results were obtained when the 
behavioral response induced by 8-OH-DPAT was determined. 
Thus, chronically stressed control rats showed higher scores 
of  forepaw treading than unstressed control rats. Deprived 
stressed and unstressed animals presented the same scores. It 
is well known that several components of  the 5-HT behavioral 
syndrome, mainly forepaw treading, are closely linked to 5- 
HT~ receptor activation (16,27,28). Thus, the present results, 
obtained with a specific 5-HT1 agonist, 8-OH-DPAT, confirm 
that chronic restraint brings about adaptive changes of  5-HT~ 
receptors (8,14). Therefore, in deprived animals the lack of  
an enhanced behavioral response to 5-HT agonists indicates 
that early undernutrition may impair the development of 
adaptive changes on 5-HT~ sites following chronic stress in 

adult rats. This assumption extends previous findings, which 
have reported similar deficiencies in other neurotransmitter 
systems. In fact, evidence obtained using a similar restraint 
schedule has shown that the subsensitivity of  presynaptic DA 
and of  c~2-adrenoccptor sites observed after chronic stress has 
not been observed in deprived animals (13). Furthermore, the 
lack of adaptive changes in monoamine sites does not seem to 
be restricted to the effects of stress. Thus, behavioral and 
neurochemical data obtained in deprived rats show that 
chronic antidepressant treatments failed to induce adaptive 
changes on catecholaminergic receptors, which are usually ob- 
served in control rats (12,13). 

Numerous experiments indicated that endogenous opioids 
play a modulatory role in the development of  adaptive 
changes on monoaminergic receptors after chronic stress (5, 
7,8). Thus, it has been described that naloxone pretreatment 
fully antagonized the appearance of adaptive changes on ol 2 
and 5-HTI receptors after chronic stress (7,8). Furthermore, 
an associated treatment with morphine or 3-endorphin and 
each restraint accelerated the onset of  these adaptive responses 
(7,8). In the present work, a combined treatment with stress 
and morphine in undernourished rats instaured the appear- 
ance of an increased behavioral reactivity of 5-HT~ sites to a 
degree similar to that observed in chronically stressed control 
rats. Consequently, naloxone pretreatment abolished the mor- 
phine-induced effects. These results suggest that perinatal un- 
dernutrition impairs the activation of an opiate mechanism 
implicated in the response to aversive experiences. In accor- 
dance with this view, several authors have reported that adult 
rats undernourished at early life present a reduced release of 
endorphines following shock or novel training procedures 
(19,20,29). Besides, alterations in different behavioral para- 
digms, such as an exaggerated behavioral response to stress, 
have been consistently noticed in rats submitted to perinatal 
undernutrition (9,15,21), suggesting that this insult during 
early life probably affects the ability to cope with environmen- 
tal demands at adult age. The process of  adaptation to stress, 
which is functionally linked to the development of  adaptive 
changes, serves in part to maintain a functional homeostasis 
during recurrent aversive experiences. Hence, our evidence 
concerning the deficit of these rats in the promotion of adap- 
tive changes may account, at least in part, for different behav- 
ioral disturbances observed when these rats are confronted 
with highly stressful situations. Moreover, the fact that the 
combination of  morphine and stress resets these changes may 
indicate that the deficit of these rats might be related to a 
functional deficiency in stress-induced activation of  an endog- 
enous opiate process. 
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