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HILAKIVI, L A AND I HILAKIVI Increased adult behavioral 'despatr' m rats neonatally exposed to destpramtne or 
z~meldme An ammal model of depresston~ PHARMACOL BIOCHEM BEHAV 28(3) 367-369, 1987--Occurrence of 
depressive behavior at mature age was studied in rats exposed neonatally to antidepressant drugs Early antidepressant 
treatments have been shown to increase voluntary alcohol consumption and the percentage of rapid-eye-movement (REM) 
sleep relative to total sleep t~me m adult rats as well as to cause long-lasting reductton m the concentrations of monoammes 
in the forebraln In the present study rats were dmly gwen either 5 mg/kg des~pramme or 25 mg/kg zlmeld~ne from the 7th to 
the 18th postnatal days When they were 2 months and 5 months of age behavioral 'despaar' was stud~ed by using a modified 
version of Porsolt's sw~m-test At both ages the desipramine-treated and zlmeldme-treated rats expressed lengthened 
immobdity times m the water pail The findings indicate that neonatal exposure of rats to deslpramme or zimeldme reduces 
behavioral 'despair' at mature age Thus, early exposure of rats to antidepressants causes long-lasting behavioral dtsorders, 
and, moreover, may be used to devise an ammal model of subsequent depression 

Newborn rats Deslpramlne Z~meldine  Behavioral "despair' 

V O L U N T A R Y  alcohol consumption ~ncreases ~n rats which 
have been exposed to antidepressant drugs dunng the 
neonatal period [6,7]. In addition, these treatments reduce 
the neonatal amounts of  rapid-eye-movement (REM) sleep 
[7,12], increase the percentage of  adult REM sleep relative to 
total sleep time [12] and cause long-lasting alterations ~n the 
forebraln concentrations of  monoammes [7] In the present 
study, we examined the possible assocmtlon between 
neonatal antidepressant exposure and adult depressive be- 
havior 

In humans, depression is characterized by shortened 
REM sleep latency [2] and total sleep t~me [5] Moreover,  
altered monoaminerg~c function ~s related to depression 
[1,8]. Several chnlcal investigations suggest that human de- 
pression is associated with alcoholism [14,19] It ~s not 
known, however,  whether excessive alcohol consumption 
causes the depressive symptoms [10] or whether a person 
who is depressed turns to alcohol as a form of self- 
medication [14] These two relatively frequent diseases may 
also occur in the same person by chance alone [1 l] 

In this study neonatal rats were treated chronically with 
desipramine or zimeldine Oesipramine is a monoarmne up- 
take ~nhIbitor with preferential affinity on norepinephrlne 
[13] and ztmeldine ~nhib~ts preferentially the uptake of 
serotonin [17]. Behavioral 'despair '  was studied by using a 
modified version of  Porsolt 's  sw~m-test [16,18]. 

METHOD 

Subjects 

E~ghteen male, newborn rats of  Wistar strain (supplied by 
Umvers~ty of  Kuop~o, Finland) served as subjects. The des- 
lpramine and zimeldme rats were housed in four cages con- 
talmng 4-6 males, 5-6 females and a nursing mother. The 
cages were maintained under a 12-hr light-dark (lights on 
6 00 a m.-6 00 p.m ) illumination cycle, at a temperature of 
22-24°C and a relative humidity of  about 50%. Non-suckling 
animals had free access to standard food (powdered R3 rat 
diet, Astra Ewos, Sweden). After weaning at the age of 25 
days, the rats were housed ~n group cages with six rats ~n 
each. 

Neonatal Drug Exposure 

Antidepressant drugs were adrmnistered to pups from the 
7th to the 18th postnatal days. Seven male rat pups were 
rejected IP with 5 mg/kg deslpramtne (0.2 w/v) (Ciba Geigy), 
e~ght male pups with 25 mg/kg zimeldine hydrochlonde (1.0 
w/v) (Astra Lakemedel), and seven male pups wtth the 
corresponding amount of  0.9% sodium chloride. Each of  the 
cages contained pups from all three treatment groups; a color 
code was used to identify the animals. All injections were 
given between 10-11 a.m 
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TABLE 1 

EFFECT OF NEONATAL DESIPRAMINE AND ZIMELDINE EXPOSURES ON THE TOTAL DURATION 
OF IMMOBILITY DURING A 10 MIN SWIM-TEST (57-DAY-OLD RATS) AND TWO 5 MIN SWIM-TESTS 

(58- AND 153-DAY-OLD RATS) 

Immobdtty Time (sec) 
Neonatal 
Exposure n 57-Day-Old Rats 58-Day-Old Rats 153-Day-Old Rats 

Sodium chloride 6 118 3 ± 61 3 47 8 _+ 26 0 63 5 ± 34 1 
Des~pramtne 6 184 2 _+ 42 9? 93 0 _+ 23 45 107 2 ± 21 3* 
Zlmeld~ne 6 203 5 ± 67 8? 95 8 ± 27 1* 89 3 ± 31 3* 

Means - S D are g~ven Statistically significant differences (Mann-Whitney U-test) *p<0 1, 
~p<O 05, :l:p<O O1 

Porsolt's Sw~m-Test 

Behavioral 'despair '  of the deslpramlne-treated and 
zlmeldme-treated rats was tested with the Porsolt 's  swim- 
test at the ages of two and five months [16] Six rats from the 
deslpramlne, zlmeldlne and control groups were used. A rat 
was placed in a plastic pall (height 51 cm, diameter 40 cm) 
containing 17 cm of water maintained at 29°C. After 10 min in 
the cylinder the rat was removed and allowed to dry for 15 
mln in a heated enclosure (30°C) before being returned to its 
cage The rat was replaced into the pall 24 hr later and the 
swlmrmng behavior was measured for 5 mln Three months 
later, the rats were again tested in the water pall for 5 min 
Dunng the measurement periods, the length of time for 
which a rat had floated passively in the water, making only 
small movements to keep its head above water, was meas- 
ured. 

The original Porsolt 's  swim-test was modified by raising 
the water temperature by 4°C and by increasing the diameter 
of  the pall by 22 cm This was done in order to make the test 
more sensitive in the detection of  changes in immobility 
times, the control rats of our study were immobile for 
1 0---0 5 mln instead of the 4 mln generally seen in this test 
during the 5 min observation period [16] 

The Porsolt 's swim-test was done in a noise-attenuated 
room (10 mZ), the degree of illumination of  which was about 
200 lux at floor level The test took place between 10 a m. 
and 3 p.m The test was done blindly, so that the investigator 
observing the behavior of the rats knew nothing about their 
neonatal treatments 

RESULTS 

During the first test day at the age of  57 days, the lmmo- 
bdlty time in the water pall of the desipramme and zlmeldlne 
rats was almost twice as long as that of the control rats 
(Kruskal-Walhs one-way analysis of variance, df=2,  
H=6.44, p<0.05) (Table 1) The same was true dunng the 
second day, when the rats were observed for 5 rain. the 
deslpramlne and the zlmeldlne rats spent more time floating 
in the water than the controls (H = 6 84, p <0 05) (Table 1) At 
the age of  153 days the deslpramlne-treated rats were still 
immobile for a longer time than the controls, and the zlmel- 
d~ne rats tended to do so (H=4.60, p < 0  1) 

DISCUSSION 

Our major finding, which was that rats treated neonatally 

with deslpramlne or zimeldme are immobile for a longer 
period in the water pail than the controls, suggests that early 
antidepressant exposure is related to a later increase in be- 
havioral 'despair ' Previous findings of  a change in the per- 
centage of  REM sleep [12], reduced monoamine concentra- 
tions in the forebraln [7] and increased voluntary alcohol 
consumption [6,7]--all of  which may be linked to 
depression--after  neonatal antidepressant exposure further 
support the relation between early antidepressant adminis- 
tration and later depressive behavior 

In adult rats, chromc exposure to antidepressant drugs 
shortens the period of  immobility in the water pall [15] The 
difference in the effect of neonatal or adult antidepressant 
exposure on adult behavioral 'despair '  may be due to altera- 
tions in the function of cerebral monoamlnerglc systems In 
adult rats, chronic treatments with desipramme and zimel- 
dine reduce the forebrain concentration of MHPG, a 
metabohte of  norepinephnne, and HVA, a metabohte of 
dopamlne, as well as ~ncrease the concentration of serotonln 
[9] Early postnatal exposure to these drugs causes a long- 
lasting elevation in the concentration of  MHPG and a reduc- 
tion m that of dopamine, serotonin and its metabohte 
5-HIAA in the forebrain [7] 

Both the present and several previous findings indicate 
that pennatal antidepressant administration leads to severe 
neurotoxlcologlcal consequences, the best known of which 
are changes of certain components of open field behavior 
[2,12] Open field behavior is a measure of emotionallty in 
rats [3] We found here that neonatal exposure to deslp- 
ramme and zlmeldlne increases behavioral 'despair '  at 
adulthood, and earlier these exposures have been shown to 
later increase voluntary alcohol consumption [6,7] and cause 
long-lasting reductions in the concentrations of monoamlnes 
in the brain [7] Therefore, neonatal antidepressant treat- 
ment may specifically affect the subsequent emotionahty of 
rats, and moreover,  serve as a new animal model of  depres- 
sion 
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