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BRIONIL,J D,E A KELLER,L E LEVIN,N CORDOBA ANDO A ORSINGHER Reactivity to amphetarmune 1n
perinatally undernourished rats Behavioral and neurochenmucal correlates PHARMACOL BIOCHEM BEHAV 24(3)
449-454, 1986 —Adult rats depnived at perinatal age and then rehabilitated on balanced chow were treated with a multiple
amphetamine (AMPH) schedule (2 mg/kg/48 hr) and submutted, on days of injections, to an open-field test Throughout 11
sessions, deprived rats showed a progressive increase of locomotor activity as compared with controls Stereotyped
activity evaluated dunng the AMPH treatment did not differ between control and depnved ammals No differences were
detected 1n basal values of the dopaminergic function measured 1n naive control and depnved ammals 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 deprived ammals Besides, DA receptor binding was significantly increased in 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 1n early undernourtshed amimals a progressive sensitization to AMPH effects, in addition
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to significant changes 1n the stnatal dopaminergic function

Early undernutrnition
Dopaminergic function

Multtple amphetamine administration

Locomotor activity Stereotypy

PROTEIN malnutntion in early life produces deletenous ef-
fects on different anatomical, neurological and neurochemi-
cal parameters (s¢e Morgane et al [15]) as well as behavioral
alterations [13, 17, 23] that persist throughout adulthood
Changes 1n the levels and metabolism of brain biogenic
amines were also descnbed [9, 22, 24, 25, 27] Recently, Hall
et al [8] reported that adult rats undernourished 1n early life
showed a reduced sensitivity to the central effects of
serotonergic agonists, probably as a consequence of an al-
tered metabolism of this neurotransmitter As regards the
catecholaminergic system, 1t was descnbed that perinatally
deprived rats later on rehabihtated on balanced chow for at
least 90 days, showed both an increased turnover rate of
brain dopamine (DA) and noradrenaline (NA) and an en-
hanced tyrosine-hydroxylase activity [14] This higher
neuronal activity induces a significant reduction in the
number of alpha and beta adrenergic binding sites [11]

In order to study the functional significance of the altera-
tions 1n the central catecholaminergic system induced by
early undernutntion, we studied the reactivity to am-
phetamine (AMPH) during a multiple administration
schedule on different behavioral parameters measured 1n an
open-field and on the induction of stereotyped activity On
the other hand, with the purpose of correlating behavioral
and neurochemcal changes, endogenous levels of DA and its
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deaminated metabolite DOPAC, DA turnover rate and
dopaminergic receptor binding 1n striatum and accumbens
nucleus from control and expenimental 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 individual Plexiglas cages and fed
1socaloric diets containing 24 and 8 percent casein (control
and depnived, respectively) After weaning (24 days), groups
continued consuming the same diet as ther dams until the
end of the depnvation period (50 days of age). Thereafter,
both groups were given balanced standard chow for at least
90 days prior to expenments Animals were maintained at
22+2°C 1n a 12 hr-12 hr hght-dark cycle (light beginning at
700 hr am) Food and water were available ad lib

Drugs

D-L amphetamine phosphate (kindly supplied by Labora-
tories Lazar & Co —Buenos Atres) was dissolved in saline
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FIG 1 Open-field scores durning repeated AMPH imjections separated by 48 hr intervals (A) Pre-
AMPH scores Ammals were tested 15 min after saline tmjection Note the lack of habituation
locomotion from deprived rats as compared with controls (B) Post-AMPH scores recorded following
basal tests, 15 min after the injection of AMPH (2 mg/kg IP) In expennmental animals, scores of
locomotor activity were higher than controls and there was also an increased reactivity throughout the

treatment

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

Behavioral Studies

Open-field A square open-field (60x60x60 cm) was
used Its floor was painted gray and divided into 15x15 cm
squares by black lines. Tests were performed in a darkened
room and the box was uniformly lit from above by a 75 W
bulb The following parameters were determuned locomo-
tion (numbers of squares crossed with all four feet), rearng
on hind legs (with or without leaning agamnst the wall),
grooming and number of boli emitted Scores were recorded
by two observers

Procedure Twelve male rats from each group (control
and expenmental) were allowed for 7 days into the test-room
before beginning the expennment Each animal was removed
from the cages, placed in the center of the open-field and
submutted to a double open-field session of 3 min each The
first test was performed 15 mn after saline admimstration to
obtain the pre-drug baseline activity (pre-AMPH scores),
thereafter, the rat was immediately 1njected with AMPH (2
mg/kg IP) and 15 min later subjected to the second open-field
test (post-AMPH scores) The multiple AMPH admunistra-
tion schedule was achieved by repeating the double open-
field sessions every 48 hr durning 21 days (1 e , 11 sessions)
Expenments started at 8 30 a m

Data were analyzed using two-way analysis of varniance
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FIG 2 Evaluation of stereotyped acttvity on sessions 1, 5 and 10 of
the multiple AMPH treatment Stereotypy was estimated every 5
min duning 30 min, 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 1n any session

after square root transformation, followed by individual
compansons using the Mann-Whitney *“U’’ test

Evaluation of stereotypy 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 individually placed in
a wire mesh cage (40x40 cm) immediately after AMPH 1n-
Jection and momnitored for stereotyped behavior during 30
min The intensity of stereotypy was assessed every 5 min
according to the scoring system of Naylor and Costall [16]

Neurochemical Assays

Different aspects of the dopaminergic function were
studied 1n strniatum and accumbens nucleus from naive con-
trol and experimental rats, and in animals treated with the
multiple AMPH admimstration schedule as used in behav-
1oral experiments

DA and DOPAC assays Endogenous levels of DA and
DOPAC were determined 1n stnatum and accumbens nu-
cleus from naive animals (basal levels) Post-AMPH levels
were determined at the time of the last AMPH injection (1 ¢ ,
48 hr after the 10th AMPH mnjection) DA and DOPAC were
measured by HPLC with electrochemical detection [28]
Briefly, brain structures were removed according to Heffner
et al [10] and homogemzed 1n 0.2 N perchlonc acid After
centrifugation, the supernatant was passed througha 0 2 um
pore size cellulose filter and a 20 wl sample analyzed by
HPLC/ED (Bioanalitical Systems IN) Samples were chro-
matographed on a reverse-phased 10n paired column contain-
ing microparticulate bound CI8 as the stationary phase and
0.05 M sodium acetate (pH 4) containing 1 5% methanol as
mobile phase Retention times were 4 min for DA and 11 min
for DOPAC. Mean values obtained were analyzed by Stu-
dent’s -test

Estimanon of apparent DA turnover rate The decline 1n
DA levels following synthesis 1nhibition by a-
methyl-p-tyrosine was used as an index of DA turnover rate
[1] Naive amimals from both groups were killed 2 hr after the
mjection of the inhibitor (200 mg/kg IP) Saline-injected rats
were used to determine basal levels that served as ‘0’ time
point A similar procedure was employed for AMPH treated
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FIG 3 Dechne in DA levels following a-methyl-p-tyrosine (200
mg/kg IP), before and after the multiple AMPH treatment Animals
were killed 2 hr after the inhibitor injection for DA determinations

Synthesis inhibition induced sigmificant reduction in DA levels from
all groups at exception of the stnatal post-AMPH depnved group In
this group the lower reduction of DA levels together with lower *‘0"’
ume values, suggests a lower DA turnover rate *p<0 01, **p <0 02
against ‘0"’ time values by two tailed Student’s z-test

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

DA receptor binding assay Dopaminergic receptor bind-
ing was performed n stnatum from naive rats (control and
depnived), and 1n those animals used in the open-field exper-
ments, 24 hr after the last session *H-Spiroperidol binding
was carried out according to Creese ef al [3] Tissues were
homogenized 1n 100 vol of ice-cold 50 mM Tns-HCI buffer
(pH 7 4 at 37°C) and homogenates were twice centnfuged at
50,000 g for 10 min with rehomogemzation of the inter-
mediate pellet 1n fresh Tns buffer Final pellets were sus-
pended in 50 mM Tns buffer contamning 0 1% ascorbic acid,
120 mM NaCl, 5 mM KCl, 2 mM CaCl, (pH 7 1 at 37°C) to
get a final concentration of 2 0 mg wet weight/ml Incuba-
tions were carned out by triplicate at 37°C for 15 min; mem-
brane bound *H-Spiropendol separated by rapid filtration
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TABLE 1
REGIONAL DA AND DOPAC CONCENTRATIONS IN CONTROL AND UNDERNOURISHED RATS

Basal Post-AMPH 1
DA DOPAC DA DOPAC

Stnatum

Control 1H1+05 1001 121+05 11+006

Undernounshed 11408 11201 94 +10* 09 = 008t
Accumbens Nucleus

Control 83+09 13+01 7606 14+02

Undernounshed 82+05 14+01 87+08 1402

*p<0 05, tp<0 01 by Student’s 7-test

tAmmals were killed at the time corresponding to the last open-field session (1 e , 48 hr after
the 10th AMPH injection)

Results are mean + SEM n ng/mg wet weight tissue of 5-7 ammals

TABLE 2
JH-SPIROPERIDOL BINDING IN STRIATUM FROM CONTROL AND UNDERNOURISHED RATS
Basal
Post-AMPHi
Kd Bmax
nM pmol/gww Kd Bmax
Control 23 x06(5) 158115 18+x02(9) 16712 (9)
Undernourished 24+06(5) 184+ 11(5 200209 242 +£12%(9)

*p<0 05 by Student’s r-test

fAnmmals were killed 24 hr after the 11th AMPH myection
Results are mean =+ SEM The number in parentheses represent the number of independent determina-
tions Bmax were calculated from Scatchard plots and expressed as pmol/g wet weight tissue

under vacuum over Whatman GF/B filters and washed three
times with ice-cold Tns buffer. Filters were dried and trans-
ferred to vials containing Tniton X-100, toluene and PPO for
counting radioactivity into a hiquid scintillation counter

Stereospecific binding was defined as the difference 1n bind-
ng 1n the presence and absence of 1 uM d-butaclamol The
apparent dissociation constant (K4) and maximal binding ca-
pacity (Bn,,) were calculated from saturation curves using
six concentrations of *H-Spiroperidol (0 1-5 0 nM) Scatch-
ard plots were obtained by least square regression analysis

K, and B,,;, values were statistically analyzed by Student’s
1-test

RESULTS
Open-Field Behavior

Figure 1 A shows the pre-AMPH scores obtained 1n the
diufferent behavioral parameters studied 1n the open-field. No
differences between control and expennmental rats were de-
tected in the number of boli, grooming or rearing As regards
locomotor activity, 1n the control group there was a signifi-
cant session effect, F(10,241)=3 24, p<0.025, as control rats
developed the classical habituation phenomenon (session 1
vs session 11, U=3, p<0 002) Habituation was absent in
deprived rats which maintained a similar score throughout
the sesstons (session 1 vs session 11, U=48, N S ) Lack of
habituation to locomotion in deprived rats was also present

when the open-field experiment was repeated with other
group of rats that only received saline injections in each
session (data not shown)

Post-AMPH scores are shown in Fig 1 B Number of bols
and grooming scores did not differ between both groups
Deprived rats showed a higher reanng response,
F(1,242)=35 4, p<0 005 When analyzed individually using
Mann-Whitney ‘U’ test, differences between control and
deprived rats were found on the 2nd, 3rd and 4th sessions (all
U’s, p<0.05) On the remammng sessions the differences
were not significant Locomotor response to AMPH was
significantly greater in deprived animals as compared to con-
trols, F(1,241)=153, p<0 005, and they also showed a
gradually enhanced reactivity to repeated drug administra-
tion (session 1 vs session 11, U=19, p<0 002) The score of
control rats was not affected with a new challenge dose
throughout the open-field expenment (session 1 vs session
11, U=47,NS)

When the difference 1n locomotion between pre and post
drug tests was analyzed between both groups, a significant
difference was observed, F(1,240)=124, p<0 005 These re-
sults indicate that the enhanced reactivity to AMPH was
mdependent of the elevated basal locomotor activity of de-
prived amimals

Stereotyped Behavior

Figure 2 depicts the average stereotypy scores induced by



AMPHETAMINE AND EARLY UNDERNUTRITION

AMPH 1n sessions 1, 5 and 10, during the multiple AMPH
treatment The intensity of stereotypy was similar between
control and depnived rats, since both groups displayed a
constant locomotor activity with discontinuous sniffing

Neurochemical Determinations

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

DA Turnover Rate

The apparent DA turnover rate 1n stnatum and accumbens
from naive control and expenimental rats was sumilar The
multiple AMPH treatment induced a significant reduction m
stnatal DA turnover rate from deprived ammals as compared
with controls No difference was detected 1n accumbens nu-
cleus after repeated AMPH treatment between both groups
(Fig 3)

DA Receptor Binding

Table 2 indicates that the basal values of K4 and B,,,, of
stnatal dopaminergic receptors determined 1n naive control
and depnived animals were not different The repeated
AMPH treatment did not modify these kinetic parameters 1n
the control group On the contrary, by the end of the AMPH
treatment, depnived rats showed a significant increase in
B.... without changes in affimty

DISCUSSION

AMPH facilitates catecholaminergic (CA) neurotrans-
mission by promoting CA release from nerves terminals and
by blocking presynaptic CA uptake [2, 5, 7] In addition,
AMPH inhibits MAO [6] Different reports have demon-
strated that repeated administration of AMPH 1nduces a pro-
gressive increased response to some behavioral effects, par-
ticularly locomotor and stereotyped activities [20,21] At
present, no conclusive evidence about the mechanism of this
hypersensitivity phenomenon has been obtained

Since early undernutnitton provokes alterattons in the
central catecholaminergic system [11,14], that may affect
neuronal activity, 1t seemed interesting to ivestigate the re-
activity of depnived animals to a multiple AMPH administra-
tion schedule on the open-field behavior and on the induction
of stereotyped activity

In the open-field test, pre-AMPH scores showed no
difference between control and expenmental animals on the
parameters measured, with the exception of locomotion The
control group developed habituation from the onset of the
expenment, an effect not observed in the depnived group,
which maintained a constant score throughout the expen-
ment The possibility that the lack of habituation in deprived
rats was due to conditioned drug effects [26] may be ruled
out, as this effect was also present 1n open-field experiments
conducted with rats only injected with saline

It 1s possible that the lack of habituation to locomotor
activity exhibited by depnived amimals may be a conse-
quence of the heightened emotionality induced by early
undernutntion In this regard many reports have pointed out
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alterations in some behavioral aspects related to emotional-
1ty, such as increased pre and postshock latencies to enter a
shock chamber [23,24], increased immobilization to a loud
noise [13], hyperactivity 1n a Sidman avoidance situation [13]
and higher lever pressing rates in a vanable-interval operant
schedule [23]

Post-AMPH scores demonstrate that our schedule of
treatment did not induce a progressively enhanced locomo-
tor responsiveness to AMPH 1n control rats This may be
due to the mild schedule of treatment used (2 mg/kg = AMPH
phosphate, expressed as salt, injections every 48 hr), since
most of the authors that descnibed this phenomenon used
higher doses separated by shorter intervals [19, 20, 21] On
the contrary, depnved animals showed higher reaning scores
than controls up to the fourth session, while locomotion was
higher and progressively increased throughout the sessions
These different behavioral patterns of reactivity to AMPH
between rearing and locomotion 1n the expenmental group
suggest that these activities may be competitive

As regards the stereotyped activity, the scores obtained
demonstrate that the treatment used was unable to induce
noticeable changes 1n either group, since according to
Naylor and Costall [16] a clear stereotyped behavior can be
detected when scores reach values of 2 or higher

Different aspects of DA function analyzed in brain areas
related to the regulation of the behaviors studied revealed
that 1n basal conditions there were no differences between
both groups At the end of the multiple AMPH treatment, no
significant changes 1n the control group were detected in any
of the parameters analyzed On the contrary, in depnived
rats, a significant reduction of DA and DOPAC levels to-
gether with a lower DA turnover rate was observed in
striatum but not 1n accumbens nucleus

DOPAC determinations 1n striatum provide a useful index
of the functional activity of dopaminergic neurons, reflecting
the metabohsm of DA which has been released and recap-
tured at the presynaptic side [18] The reduction in DOPAC
levels 1s consistent with the diminished DA turnover rate,
indicating that lower amounts of DA are released in the de-
pnived group at the end of the multiple AMPH treatment As
a consequence, *H-Spiropenidol binding was significantly
higher 1n stnatum from deprived animals

The increased number of dopaminergic receptors found 1n
stnatum from deprived animals after repeated AMPH injec-
tions keeps a good correlation with the higher scores of lo-
comotor activity observed in these ammals throughout the
expeniments The diminished DA turnover rate and the re-
duction of DA and DOPAC levels in such structure could be
interpreted as the result of presynaptic adjustments intended
to balance the neuronal hyperactivity induced by AMPH
treatment

Since deprived treated rats showed an enhanced locomo-
tor activity than controls, 1t may be accepted that they be-
have as normal rats submitted to a higher AMPH dosage If
so, the changes in dopamunergic function from under-
nourished rats are 1n agreement with the observation of Segal
et al [21], who reported that multiple daily AMPH 1njec-
tions, that induced behavioral augmentation, reduced brain
catecholamines levels, including caudate DA

Our results extend previous reports that demonstrated
changes 1n reactivity to pharmacological treatments as a
consequence of early undernutrition, such as subsensttivity
to adrenergic agonist on the vascular bed [4], and other sym-
pathetic mnnervated organs [12], lower reactivity to the cen-
tral effects of 5-HT agonist [8], enhanced sexual receptivity
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in female rats ovanectomized and primed with estrogen and
progesterone [17]. that stresses the pathophysiological rele-

14

BRIONI £ AL

vancy of an madequate perinatal nutntion for a normal nerv-
ous system development

ACKNOWLEDGEMENTS

Supported by grants No 7313 from Consejo Nacional de Inves-
tigaciones Cientificas y Tecnicas (CONICET) and No 309 from
CONICOR (Prov de Cordoba) We would like to thank Dr Carlos
W Robledo (Computational Unit, Faculty of Agronomical Sciences)

for his statistical assistance

REFERENCES

Brodie, B B, E Costa, A Dlabac, N H Neff and H
Smookler Application of steady state kinetics to the estimation
of synthesis rate and turnover time of tissue catecholammes J
Pharmacol Exp Ther 154. 493499, 1966

Carlsson, A Amphetamine and brain catecholamines In Am-
phetamines and Related Compounds, edited by E Costa and S
Garattim New York Raven Press, 1970, pp 289-300

Creese, I , R Schneider and S H Snyder °H-Spiropendol
labels dopamine receptors in pituitary and brain Eur J Phar-
macol 46: 377-381, 1977

Del Basso, P, E A Keller, C Salica and O A Orsingher
Vascular reactivity in perinatally undernounished rats Eur J
Pharmacol 87: 107-111, 1983

Glowinsky, J and J Axelrod Effects of drugs on the uptake,
release and metabolism of *H-Norepmephnne in the rat brain J
Pharmacol Exp Ther 149+ 4349, 1965

Green, A L and M A S El Hat Inhibition of mouse bran
monoamine oxidase by (+) Amphetamine in vivo J Pharm
Pharmacol 30: 262-263, 1978

Grooves, P M ,D A Staunton, C J Wilsonand S J Young
Site of action of amphetamine intrinsic to catecholaminergic
nucler catecholaminergic presynaptic dentnites and axons Prog
Neuropsychopharmacol 3- 315-335, 1979

Hall, R D,J P Leahy and W M Robertson Hyposensitivity
to serotonergic sttmulation in protein malnounshed rats Physiol
Behav 31 187-195, 1983

Hawrylewicz, E ] and J Q Kissane The effects of protein
restniction on brain biogemic amines In Biogenic Amines in
Development, edited by H Parvez and S Parvez Amsterdam
Elsevier/North Holland Medical Press, 1980, pp 493-517
Heffner, T, J A Hartmanand and L S Seiden A rapid
method for the regional dissection of the rat brain Pharmacol
Biochem Behav 13: 453456, 1980

Keller, E A, N I Munaro and O A Orsingher Perinatal
undernutrition reduces alpha and beta adrenergic receptor bind-
ing 1n adult rat brain Science 215: 1269-1270, 1982

Keller, E A, N [ Munaro and O A Orsingher Peripheral
adrenergic subsensitivity 1n adult rats undernounshed at
pennatal age Arch Int Pharmacodyn 268: 88-94, 1984
Levitsky, D A and R H Barnes Effect of early malnutrition
on the reaction of adult rats to aversive stimuh Nature 225.
468469, 1970

Manchich, E S, V Molina and O A Orsingher Persistent
changes 1n central catecholaminergic system after recovery of
pennatally undernounshed rats J Nutr 109 1045-1050, 1979

15

20

21

22

23

24

25

26

27

28

Morgane,J P, M Miller, T Kemper, W Stern, W Forbes, R
Hall, J Bronzino,J Kissane, E Hawrylewicz and O Resnick
The effects of protein malnutrition on the developing central
nervous system in the rat Neurosct Biobehav Rev 2+ 137-230,
1978

Naylor, R J and B Costall The relationship between the inhi-
bition of dopamine uptake and the enhancement of am-
phetamine stereotypy Life Sci 10: 909-915, 1971

Ramirez, O A,J D Brniomand O A Orsingher Influence of
perinatal undernutntion on sexual behavior of adult female rats
Com Biol 2. 397403, 1984

Roth, R H, L. C Mumn and J R Walters Central
dopaminergic neurons effects of alterations in impulse flow on
the accumulation of dihydroxyphenylacetic acid Eur J Phar-
macol 36: 163-171, 1976

Segal, D S Behavioral charactenzation of d- and
l-amphetamine neurochemical implications Science 190+ 475-
477, 1975

Segal, D S and A Mandell Long-term administration of
d-amphetamine Progressive augmentation of motor activity and
stereotypy Pharmacol Biochem Behav 2: 249-255, 1974
Segal, D S,S W Weibenger, ] Cahilland S J McCunney
Muluple dailly amphetamine administration Behavioral and
neurochemical alterations Science 207: 904-907, 1980
Shoemaker, W J and R J Wurtman Pennatal undernutrition
accumulation of catecholammmes 1n rat brain Scrence 171
1017-1019, 1971

Smart, ] L Long lasting effects of early nutntional deprivation
on the behavior of rodents Psychiatr Neurol Neurochir 74
443-452, 1974

Sobotka, T J, M P Cook and R E Broodie Neonatal mal-
nutrition neurochemical, hormonal and behavioral manifesta-
tions Brain Res 65: 443—457, 1974

Stern, W C, M Miller, W Forbes, P J Morgane and O
Resnick Ontogeny of the levels of biogenic amines 1n various
part of the brain and in penipheral tissues 1n normal and protein
malnounshed rats Exp Neurol 49: 314-326, 1975

Tison, A H and R H Rech Conditioned drug effects and
absence of tolerance to d-amphetamine induced motor activity
Pharmacol Biochem Behav 1. 149-163, 1973

Wiggins, R C, G Fullerand S J Enna Undemutntion and
the development of brain neurotransmitters systems Life Sci
35 2085-2094, 1984

Wison, W E, S W Miethng and J] S Houg Automated
HPLC analysis of tissue levels of dopamine, serotonin and sev-
eral prominent metabolites 1n extracts from vanous brain re-
gions J Liquid Chromatogr 6: 871-886, 1983



