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BRIONI, J D ,  E A KELLER, L E LEVIN, N CORDOBA AND O A ORSINGHER Reactivity to amphetamine in 
perinatally undernourished rats Behavioral and neurochemwal correlates PHARMACOL BIOCHEM BEHAV 24(3) 
449-454, 1986 --Adult rats deprived at pennatal age and then rehabilitated on balanced chow were treated with a multiple 
amphetamine (AMPH) schedule (2 mg/kg/48 hr) and submitted, on days of rejections, to an open-field test Throughout I l 
sessions, deprived rats showed a progressive mcrease of locomotor activity as compared with controls Stereotyped 
activity evaluated dunng the AMPH treatment did not dtffer between control and deprived ammals No differences were 
detected m basal values of the dopaminergic function measured in nmve control and deprived animals By the end of the 
multiple AMPH treatment, a reduction of stnatal DA and DOPAC levels together with a lower apparent DA turnover rate 
was detected in depnved animals Besides, DA receptor binding was significantly increased m stnatum from deprived rats 
as compared with controls These results demonstrate that a repeated AMPH treatment, that was unable to alter the normal 
behavior of control rats, produced in early undernourished ammals a progressive sensltmatlon to AMPH effects, in addmon 
to significant changes in the stnatal dopammerglc function 

Early undernumtion Multiple amphetamine admlmstratton 
Dopammergac function 

Locomotor activity Stereotypy 

PROTEIN malnutntxon in early life produces deleterious ef- 
fects on different anatomacal, neurologacal and neurochema- 
cal parameters (see Morgane et al [15]) as well as behavioral 
alterataons [13, 17, 23] that persist throughout adulthood 
Changes m the levels and metabohsm of brain baogenlc 
amines were also described [9, 22, 24, 25, 27] Recently, Hall 
et al [8] reported that adult rats undernourished in early life 
showed a reduced sensttavlty to the central effects of 
serotonergtc agomsts, probably as a consequence of an al- 
tered metabolism of this neurotransmltter As regards the 
catecholamlnergic system, it was described that permatally 
deprived rats later on rehabilitated on balanced chow for at 
least 90 days, showed both an increased turnover rate of 
brain dopamme (DA) and noradrenallne (NA) and an en- 
hanced tyrosme-hydroxylase activity [14]  This higher 
neuronal actavlty reduces a significant reduction m the 
number of alpha and beta adrenergac binding sites [l l] 

In order to study the functaonal slgmficance of the altera- 
tions in the central catecholammerglc system induced by 
early undernutntaon, we studmd the reactlvaty to am- 
phetamine (AMPH) dunng a mulUple admimstrataon 
schedule on different behavioral parameters measured in an 
open-field and on the induction of stereotyped actavlty On 
the other hand, with the purpose of correlating behavioral 
and neurochemlcal changes, endogenous levels of DA and its 
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deamlnated metabolate DOPAC, DA turnover rate and 
dopamlnerglc receptor binding m strlatum and accumbens 
nucleus from control and expenmental  animals were also 
assayed 

METHOD 

Ammals 

A protein deprivation schedule as previously described 
was used [14] Pregnant female rats, denved from Wistar 
strain, were divided into two groups at the 14th day of preg- 
nancy, housed in mdlvldual Plexlglas cages and fed 
isocalorlc diets containing 24 and 8 percent casein (control 
and deprived, respectively) After weamng (24 days), groups 
continued consuming the same diet as their dams until the 
end of the depnvaUon period (50 days of age). Thereafter, 
both groups were given balanced standard chow for at least 
90 days prior to expenments Ammals were mamtamed at 
22-+2°C m a 12 hr-12 hr hght-dark cycle (light beglnnang at 
7 00 hr a m ) Food and water were available ad lib 

Drugs 

D-L amphetamine phosphate (kindly supphed by Labora- 
tories Lazar & C o - - B u e n o s  Aires) was dissolved in saline 
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FIG 1 Open-field scores dunng repeated AMPH injections separated by 48 hr intervals (A) Pre- 
AMPH scores Animals were tested 15 mm after saline injection Note the lack of habituation m 
locomotion from deprived rats as compared with controls (B) Post-AMPH scores recorded foliowmg 
basal tests, 15 mm after the m.lectmn of AMPH (2 mg/kg IP) In experimental animals, scores of 
locomotor activity were higher than controls and there was also an increased reactwtty throughout the 
treatment 

for IP injections Dosages were expressed as salt D-L 
,~-methyl-p-tyrosine (Sigma Chemical Co.) was suspended in 
saline and Tween-80 for IP injections 

Behavioral Studies 

Open-field A square open-field (60x60x60  cm) was 
used Its floor was painted gray and divided into 15x 15 cm 
squares by black lines. Tests were performed in a darkened 
room and the box was uniformly ht from above by a 75 W 
bulb The following parameters were determaned locomo- 
tion (numbers of  squares crossed with all four feet), reanng 
on hind legs (with or without leaning against the wall), 
grooming and number of  boli emitted Scores were recorded 
by two observers 

Procedure Twelve male rats from each group (control 
and experimental) were allowed for 7 days into the test-room 
before beginning the expenment  Each anmaal was removed 
from the cages, placed in the center of the open-field and 
submitted to a double open-field session of 3 min each The 
first test was performed 15 mm after saline admimstrat~on to 
obtain the pre-drug basehne activity (pre-AMPH scores), 
thereafter, the rat was immediately rejected with AMPH (2 
mg/kg IP) and 15 rain later subjected to the second open-field 
test (post-AMPH scores) The multaple AMPH administra- 
tion schedule was achieved by repeating the double open- 
field sesswns every 48 hr dunng 21 days (1 e , 11 sessions) 
Experiments started at 8 30 a m 

Data were analyzed using two-way analys~s of vanance 
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FIG 2 Evaluation of stereotyped act~vtty on sessions 1, 5 and 10 of 
the multiple AMPH treatment Stereotypy was esamated every 5 
mm during 30 mm, according to Naylor and Costall (range 0-4) 
Each bar represent the mean---SEM from 7 rats No difference was 
detected between control and deprived rats in any session 
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after square root transformation, followed by mdtvldual 
comparisons using the Mann-Whitney " U "  test 

Evaluation ofstereotypy Two groups (control and exper- 
imental) of 7 male rats each were subjected to a repeated 
AMPH treatment similar to that used for the open-field ex- 
periment (2 mg/kg/48 hr) On days corresponding to sessions 
1, 5 and 10 (days 1, 9 and 19), rats were lndwldually placed m 
a wtre mesh cage (40×40 cm) tmmedtately after AMPH re- 
jection and momtored for stereotyped behavior dunng 30 
rain The mtenstty of stereotypy was assessed every 5 mm 
according to the sconng system of Naylor and Costall [16] 

Neurochemleal Assays 

Different aspects of the dopammergtc function were 
stud~ed m stnatum and accumbens nucleus from naive con- 
trol and expenmental  rats, and in animals treated wtth the 
multtple AMPH admlmstratlon schedule as used m behav- 
ioral experiments 

DA and DOPAC assays Endogenous levels of DA and 
DOPAC were deterrmned m stnatum and accumbens nu- 
cleus from naive ammals (basal levels) Post-AMPH levels 
were determined at the ttme of the last AMPH mjectton 0 e ,  
48 hr after the 10th AMPH mjectton) DA and DOPAC were 
measured by HPLC wtth electrochemical detection [28] 
Bnefly, braan structures were removed according to Heffner 
et al [10] and homogemzed m 0.2 N perchlonc aod  After 
centnfugatlon, the supernatant was passed through a 0 2/~m 
pore stze cellulose filter and a 20 p.l sample analyzed by 
HPLC/ED (Btoanahtlcal Systems IN) Samples were chro- 
matographed on a reverse-phased ion paired column contain- 
mg mncropartlculate bound 0 8  as the stationary phase and 
0.05 M sodmm acetate (pH 4) contmnmg 1 5% methanol as 
mobde phase Retention times were 4 mm for DA and 11 rain 
for DOPAC. Mean values obtained were analyzed by Stu- 
dent 's  t-test 

Esttmat:on o f  apparent DA turnover rate The dechne m 
DA levels following synthests lnhlblUon by a- 
methyl-p-tyroslne was used as an index of DA turnover rate 
[1] Nmve antmals from both groups were lolled 2 hr after the 
mjectmon of the inhibitor (200 mg/kg IP) Salme-mjected rats 
were used to determine basal levels that served as "0"  time 
point A slrmlar procedure was employed for AMPH treated 
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FIG 3 Decline m DA levels following a-methyl-p-tyrosme (200 
mg/kg IP), before and after the multtple AMPH treatment Ammals 
were ~lled 2 hr after the mh~bttor mject~on for DA determinations 
Synthesis inhibition reduced stgmficant reduction m DA levels from 
all groups at exceptton of the stnatal post-AMPH deprived group In 
this group the lower reductton of DA levels together wtth lower "0" 
ame values, suggests a lower DA turnover rate *p<0 01, **p<0 02 
agmnst "0" ttme values by two tmled Student's t-test 

rats 48 hr after the 10th AMPH reJection (corresponding to 
the time when endogenous levels of DA and DOPAC were 
analyzed) 

DA receptor binding assay Dopamlnerglc receptor bind- 
ing was performed m strlatum from naive rats (control and 
deprived), and m those ammals used m the open-field exper- 
iments, 24 hr after the last session aH-Splroperldol binding 
was camed out according to Creese et al [3] Tissues were 
homogemzed tn 100 vol of ice-cold 50 mM Tns-HC1 buffer 
(pH 7 4 at 37°C) and homogenates were twice centrifuged at 
50,000 g for 10 mm with rehomogemzatlon of the inter- 
mediate pellet m fresh Tns  buffer Final pellets were sus- 
pended m 50 mM Tns buffer containing 0 1% ascorblc actd, 
120 mM NaCl, 5 mM KCI, 2 mM CaCI2 (pH 7 1 at 37°C) to 
get a final concentration of 2 0 mg wet wetght/ml Incuba- 
tions were camed out by tnphcate at 37°C for 15 mm; mem- 
brane bound aH-Splropendol separated by rapid filtration 
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T A B L E  I 

REGIONAL DA AND DOPAC CONCENTRATIONS IN CONTROL AND UNDERNOURISHED RATS 

Basal Post-AMPH$ 

DA DOPAC DA DOPAC 

Stnatum 
Control I 1 1 ± 0 5 1 0 _+ 0 1 12 1 _+ 0 5 1 1 ± 0 06 
Undernourished 11 4 ± 0 8  1 1 ± 0 1 9 4  ± 1 0* 0 9  ± 008 t  

Accumbens Nucleus 
Control 83  ± 0 9  1 3 ± 0 1 76_+ 0 6  1 4_+ 0 2  
Undernounshed 8 2 ± 0 5 1 4 _+ 0 1 8 7 ± 0 8 1 4 ± 0 2 

*p<0 05, t p < 0  01 by Student's t-test 
*Animals were killed at the time corresponding to the last open-field s e s s i o n  (I e , 48 hr after 

the 10th AMPH mjectton) 
Results are mean _+ SEM m ng/mg wet weight tissue of 5-7 animals 

T A B L E  2 

JH-SPIROPERIDOL BINDING IN STRIATUM FROM CONTROL AND UNDERNOURISHED RATS 

Basal 
Post-AMPH:~ 

Kd Bmax 
nM pmol/gww Kd Bmax 

Control 23  ± 0 6 ( 5 )  158_+ 1 1 (5) I 8_+ 0 2 ( 9 )  167 ± 1 2 (9) 
Undernourished 2 4 _+ 0 6 (5) 18 4 _+ 1 1 (5) 2 0 ± 0 2 (9) 24 2 +_ 1 2* (9) 

*p<0 05 by Student 's t-test 
SAmmals were killed 24 hr after the 1 l th AMPH injection 
Results are mean _+ SEM The number in parentheses represent the number of independent determma- 

tmns Bmax were calculated from Scatchard plots and expressed as pmol/g wet weight tissue 

u n d e r  v a c u u m  ove r  W h a t m a n  G F / B  fil ters and  w a s h e d  th r ee  
t imes  wi th  ice-cold T n s  buffer .  Ft l ters  were  dr ied  and  t rans-  
fe r red  to vials  con t a lmng  T n t o n  X-100, to luene  and  PPO for  
coun t ing  rad ioac t iv i ty  into  a l iquid sc int i l la t ion c o u n t e r  
S te reospec i f i c  b ind ing  was  def ined  as the  d i f fe rence  m bind-  
ing in the  p r e s e n c e  and  a b s e n c e  of  1 # M  d - bu t ac l am o l  The  
a p p a r e n t  d l ssoc iaUon c o n s t a n t  (Kd) and  m a x i m a l  b inding ca- 
p a o t y  (Bmax) were  ca lcu la ted  f rom sa tu ra t ion  cu rves  us ing  
six c o n c e n t r a t i o n s  of  aH - Sp l r opendo l  (0 1-5 0 nM) Sca tch-  
a rd  p lo t s  were  ob ta ined  by  leas t  square  r eg ress ion  ana lys i s  
Ko and  Bma~ values  were  s ta t is t ica l ly  ana lyzed  by  S t u d e n t ' s  
t - tes t  

RESULTS 

Open-Fteld Behavior 

Figure  1 A shows  the  p r e - A M P H  scores  ob ta ined  in the  
d t f fe rent  b e h a v i o r a l  p a r a m e t e r s  s tud ied  m the  open-f ie ld .  No  
d i f fe rences  b e t w e e n  con t ro l  and  e x p e r i m e n t a l  ra t s  were  de- 
t ec t ed  in the  n u m b e r  of  boh ,  g rooming  or  r e a n n g  As  regards  
l o c o m o t o r  acUvity,  in the  con t ro l  g roup  there  was  a sigmfi- 
can t  ses s ion  effect ,  F (10 ,241)=3  24 , / )<0 .025 ,  as con t ro l  ra ts  
d e v e l o p e d  the  c lass ical  hab i t ua t i on  p h e n o m e n o n  (sess ion  1 
vs  sess ion  11, U = 3 ,  p < 0  002) H ab i t ua t i on  was  a b s e n t  m 
dep r ived  ra ts  wh ich  m a m t m n e d  a s imilar  score  t h r o u g h o u t  
the  sess ions  ( sess ion  1 vs  ses s ion  11, U = 4 8 ,  N S ) L a c k  of  
h a b i t u a t i o n  to l ocomot ion  in dep r ived  ra ts  was  also p r e sen t  

w h e n  the  open-f ie ld  e x p e r i m e n t  was  repea ted  with o the r  
g roup  of  ra ts  tha t  only  r e c e w e d  saline re ject ions  m each  
sess ion  (da ta  not  shown)  

P o s t - A M P H  scores  are s h o w n  in Fig 1 B N u m b e r  o f b o h  
and  g rooming  scores  did no t  differ  be tween  bo th  g roups  
Depr ived  ra ts  s h o w e d  a h igher  r e a n n g  r e sponse ,  
F(1 ,242)=35  4 , / ) < 0  005 W h e n  ana lyzed  individual ly  us ing 
M a n n - W h i t n e y  " U "  test ,  d i f fe rences  b e t w e e n  con t ro l  and  
dep r ived  ra ts  were  found  on  the  2rid, 3rd and  4th s e s smns  (all 
U ' s ,  / )<0 .05)  On the  r ema in ing  sess ions  the  d i f fe rences  
were  not  s igmficant  L o c o m o t o r  r e s p o n s e  to A M P H  was 
s ignif icant ly  g rea t e r  in d e p n v e d  a m m a l s  as c o m p a r e d  to con-  
t rois ,  F(1 ,241)=153,  / ) < 0 0 0 5 ,  and  they also s h o w e d  a 
gradual ly  e n h a n c e d  reac t tv l ty  to r epea t ed  drug  admin is t ra -  
t ion (sess ion  1 vs sess ion  I1, U = 1 9 , p < 0  002) The  score  of  
con t ro l  ra t s  was  not  a f fec ted  wi th  a new  chal lenge  dose  
t h r o u g h o u t  the  open-f ie ld  e x p e r i m e n t  ( sess ion  1 vs sess ion  
11, U = 4 7 ,  N S )  

W h e n  the  d i f fe rence  m l o c o m o t m n  b e t w e e n  pre  and  pos t  
drug tes ts  was  ana lyzed  b e t w e e n  bo th  groups ,  a s ignif icant  
d i f fe rence  was  o b s e r v e d ,  F(1 ,240)=  1 2 4 , / ) < 0  005 T h e s e  re- 
sul ts  ind ica te  tha t  the e n h a n c e d  reac t iv i ty  to A M P H  was 
i n d e p e n d e n t  of  the  e leva ted  basa l  l o c o m o t o r  ac t lwty  of  de- 
pr ived  an imal s  

Stereoty/)ed Behavior 

Figure  2 dep ic t s  the  ave rage  s t e reo typy  scores  i nduced  by 
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AMPH in sessions 1, 5 and 10, during the multiple AMPH 
treatment The intensity of stereotypy was similar between 
control and deprived rats, since both groups displayed a 
constant locomotor activity with discontinuous sniffing 

Neurochernwal Deterrntnattons 

DA and DOPAC assays Basal levels of DA and DOPAC 
in striatum and accumbens nucleus determined m nmve con- 
trol and experimental ammals, did not differ between them 
On the contrary, repeated AMPH admmistraUon produced a 
significant reduction in striatal DA and DOPAC levels from 
deprived ammals as compared with controls No differences 
between both treated groups were detected in accumbens 
nucleus (Table 1) 

DA Turnover Rate 

The apparent DA turnover rate m stnatum and accumbens 
from nmve control and experimental rats was s,mllar The 
mulUple AMPH treatment induced a s,gnlficant reduction m 
stnatal DA turnover rate from deprived ammals as compared 
w~th controls No difference was detected in accumbens nu- 
cleus after repeated AMPH treatment between both groups 
(Fig 3) 

DA Receptor Bmdtng 

Table 2 indicates that the basal values of Kd and Bmax of 
stnatal dopammerglc receptors determined m naive control 
and deprived animals were not d~fferent The repeated 
AMPH treatment did not modify these kinetic parameters in 
the control group On the contrary, by the end of the AMPH 
treatment, deprived rats showed a significant increase in 
Bmax without changes m affinity 

DISCUSSION 

AMPH facdltates catecholamlnerglc (CA) neurotrans- 
m,sslon by promoting CA release from nerves terminals and 
by blocking presynaptlc CA uptake [2, 5, 7] In addition, 
AMPH mhlblts MAO [6] Different reports have demon- 
strated that repeated admmlstraUon of AMPH reduces a pro- 
gresslve increased response to some behavioral effects, par- 
Ucularly locomotor and stereotyped actlvmes [20,21] At 
present, no conclusive evidence about the mechamsm of this 
hypersensmv,ty phenomenon has been obtmned 

Smce early undernutnt~on provokes alterations in the 
central catecholammergac system [11,14], that may affect 
neuronal act, vlty, it seemed interesting to investigate the re- 
activity of depraved animals to a multiple AMPH administra- 
tion schedule on the open-field behavior and on the induction 
of stereotyped act,vlty 

In the open-field test, pre-AMPH scores showed no 
difference between control and experimental animals on the 
parameters measured, with the exception oflocomotton The 
control group developed habituation from the onset of the 
experiment, an effect not observed m the deprived group, 
wh,ch maintained a constant score throughout the experi- 
ment The possibility that the lack of habltuauon in deprived 
rats was due to condmoned drug effects [26] may be ruled 
out, as ttus effect was also present in open-field experiments 
conducted wtth rats only injected w~th saline 

It is possible that the lack of habituation to locomotor 
actlvlty exhibited by deprived animals may be a conse- 
quence of the heightened emotlonallty induced by early 
undernutrltlon In th~s regard many reports have pointed out 

alterations m some behavioral aspects related to emotlonal- 
Ity, such as increased pre and postshock latencles to enter a 
shock chamber [23,24], increased immobilization to a loud 
noise [ 13], hyperactivity in a Sldman avoidance situation [ 13] 
and higher lever pressing rates in a variable-interval operant 
schedule [23] 

Post-AMPH scores demonstrate that our schedule of 
treatment did not reduce a progressively enhanced locomo- 
tor responsiveness to AMPH in control rats Thts may be 
due to the mild schedule of treatment used (2 mg/kg __+ AMPH 
phosphate, expressed as salt, rejections every 48 hr), since 
most of the authors that described this phenomenon used 
higher doses separated by shorter intervals [19, 20, 21] On 
the contrary, deprived animals showed h~gher reanng scores 
than controls up to the fourth session, while locomotion was 
higher and progressively increased throughout the sessions 
These different behav,oral patterns of react~vlty to AMPH 
between reanng and locomotion in the experimental group 
suggest that these actlvmes may be competitive 

As regards the stereotyped activity, the scores obtmned 
demonstrate that the treatment used was unable to induce 
noticeable changes m either group, since according to 
Naylor and CostaU [16] a clear stereotyped behavior can be 
detected when scores reach values of 2 or higher 

Different aspects of DA funcUon analyzed m brain areas 
related to the regulation of the behaviors studied revealed 
that in basal condmons there were no dtfferences between 
both groups At the end of the multiple AMPH treatment, no 
s~gmficant changes m the control group were detected m any 
of the parameters analyzed On the contrary, in deprived 
rats, a significant reduction of DA and DOPAC levels to- 
gether with a lower DA turnover rate was observed in 
stnatum but not in accumbens nucleus 

DOPAC determinations in strlatum provide a useful index 
of the functional actlwty of dopammerglc neurons, reflecting 
the metabohsm of DA which has been released and recap- 
tured at the presynaptlc side [18] The reduction in DOPAC 
levels is consistent with the diminished DA turnover rate, 
indicating that lower amounts of DA are released in the de- 
prived group at the end of the multiple AMPH treatment As 
a consequence, 3H-Splropendol binding was s,gmficantly 
higher m stnatum from deprived animals 

The increased number of dopamlnerglc receptors found in 
strlatum from deprived animals after repeated AMPH reJec- 
tions keeps a good correlat,on w~th the higher scores of lo- 
comotor activity observed in these animals throughout the 
experiments The diminished DA turnover rate and the re- 
duction of DA and DOPAC levels m such structure could be 
interpreted as the result of presynapt~c adjustments intended 
to balance the neuronal hyperactivity induced by AMPH 
treatment 

Since depraved treated rats showed an enhanced locomo- 
tor activity than controls, it may be accepted that they be- 
have as normal rats subm,tted to a higher AMPH dosage If 
so, the changes in dopamlnere~c function from under- 
nourished rats are in agreement w~th the observaUon of Segal 
et al [21], who reported that multiple dally AMPH lnjec- 
t,ons, that reduced behavioral augmentation, reduced brain 
catecholamlnes levels, mcludlng caudate DA 

Our results extend previous reports that demonstrated 
changes in reacttvlty to pharmacological treatments as a 
consequence of early undernutntlon,  such as subsensmv~ty 
to adrenerglc agonlst on the vascular bed [4], and other sym- 
pathetic innervated organs [12], lower reactivity to the cen- 
tral effects of 5-HT agonlst [8], enhanced sexual receptivity 



454 BRIONI P.I AL  

m female rats ovarlectom~zed and pr imed w~th es t rogen  and 
p roges te rone  [17]. that  s t r esses  the pathophyslological  rele- 

vancy of  an inadequate  perlnatal  nu tn t lon  for a normal nerv- 
ous sys tem deve lopmen t  
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