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SUMARIO

A desnutrigdo durante periodos criticos do desenvolvimento pode induzir
alteragbes nas respostas comportamentais as drogas de agdo ceniral. Neste
estudo, avaliaram-se os efeitos dé desnutricdo pos-natal sobre as respostas
comportamentais de ratos com 21 dias de idade a antagonisias
dopaminérgicos. Ulilizou-se clorpromazina (G, 2,5, 5, 10 and 20 mg/kg),
haloperidol (0, 0,125, 0,25, 0,5, 1 or 2 mg/kg) e SCH23390 (0, 0,3, 0,6 and
1,2mglkg). Avaliou-se a atividade focomotora 1h Sémin, 4h 30min, 7h 30min e
10h 30min apds a injecdo de clorpromazina ou haloperidol. A catalepsia
induzida por estas drogas foi avaliada 3h, 6h e Sh apds a injecio. Os efeitos
SCH23380 foram avaliados 25 min, 1h 10 min, 1h 55min e Zh 40min apods &
ijecdo, Todas as drogas foram injetadas em dois dias consecutivos. No
primeiro dia, 0s ratos desnutrides tratados com salina apresentaram atividade
locomotora mais intensa do que os normais, A inibigdo da atividade locomotora
foi menaos intensa nos ratos desnutridos do que nos animais normais 4h 30min
apos a injecéo de clorpromazina e 7h 30min apds a injeg&o de haloperidol. G
SCH23380 produziu efeitos similares sobre a atividade locomotora dos animais
normais e desnutridos. No segundo dia houve uma tendéncia a respostas
menos intensas dos animais desnutridos em comparagdo com 05 nomais,
apenas para 0s$ animais que receberam 5 mg/kg de clorpromazinaou 0,5, 1 e
2 mgfkg de haloperidol. No primeiro dia, 08 animais desnutridos tiveram
respostas cataleptogénicas menos intensas a clorpromazina e ao haloperidol
6h apods a injecio. Os efeitos cataleptogénicos do SCH23380 foram menos
intensos nos animais desnutridos 1h 55min apds a inje¢do. No segundo dia,
os efeitos das trés drogas scbre a catalepsia foram menos intensos nos
animais desnutridos, porém as diferengas ndo foram 180 evidentes quanto
aquelas notadas no primeiro dia. Estes resutados sugerem que 0s efeitos
comportamentais da clorpromazina, haloperidol & SCH23390 sejam menos
persistentes nos ratos desnutridos guando comparados com 0s efeitos em
animais normais. Ekstas diferengas podem ser devidas a alleragdes

farmacocinéticas induzidas pela desnutricao.
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O sistema nervoso central (SNC) das véarias espécies de mamiferos
apresenta um desenvolvimento exiremamente acentuado durante o periodo
perinatal, observando-se alteracGes morfoldgicas, fisioldgicas, bioquimicas e
comportamentais. Varios sistemas enzimaticos envolvidos no metabolismo de
neurotransmissores e neuromoduladores, bem como ¢ numero de recepiores e
sitios de recaptacao sofrem alteragdes neste periodo. Como conseqguéncia
deste intenso deservolvimento, ¢ sistema nervoso torna-se muito vuineravel a
fatores ambientais durante este periodo. Entre eles, o fator nutricional tem sido
muito estudado. J& foi demonstrado que a desmjtrit;éo durante os periodos
iniciais do desenvolvimento pode causar alteragbes neuroquimicas e
comportamentais permanentes em animais {Crnic 1983; Marichich et al. [ 18979;
Morgane et al., 1978; Resnick et al., 1979, Rocha & Venedite, 19590; Smart et
al., 1989; Tonkiss et al., 1987, Wiggins et al., 1984‘)'. Varios estudos revelaram
que a desnutricdo no periodo perinatal causa mudangas transitorias ou
permanentes nas atividades de enzimas envolvidas em vérios sistemas de
neurotransmissores (Morgane et al., 1978; Represa et al., 1989, Rocha et al,,
1990; Rocha & Souza, 1994; Wiggins et al, 1884) bem como nas
concentraches teciduals de varias classes de neurotransmissores (Marichich et
al., 1979, Morgane et al, 1978; Wiggins et al., 1984; Venedite et al., 1888}
Contudo, nem sempre se obteve uma relagio direta entre uma determinada
atividade enzimatica e o neurotransmissor a ela relacionado (Wiggins et al.
1984).

Estas alteracbes nos estados funcionais de varios sistemas de
neurotransmissores suscitou investigagdes no sentido de se esclarecer se a
desnutriciio determinaria modificagbes nas respostas comportamentais as
drogas psicoativas, o que foi feito utilizando-se drogas atuantes em diferentes
sistemas de neurctransmissores. Assim, baseados no fato de gue a
desnutricdo protéica muda as concentragbes cerebrais de triptofano e
serotonina (Resnick & Morgane, 1984), Hall et al. (1983) investigaram os
efeitos da desnutricdo sobre as respostas comportamentais de ratos adultos

ac agonista serotoninérgico N N-metiltriptamina. Eles observaram que 0s



animais desnutridos eram menos sensiveis a droga em quatro diferentes tipos
de comportamento, Quiros estudos demonstraram que a desnutricdo nas
fases iniciais do desenvolvimento diminui as concentragdes de f-endorfinas
hipotalamicas em ratos adultos, além de diminuir as respostas a administragao
de opidides exdgenos e ao naltrexone em varias situagbes comportamentais
{Perry et al., 1990; Rotta et al., 1988; Rocha & Mello, 1994; Souza et al. 1992,
Venedite et al., 1987;1888). Varios oulros estudos;‘ demonstraram gue animais
submetidos a desnutricdo proteica precoce apresentam, quando adultos,
alteracdes nas respostas as drogas de agdo central (Brioni & Orsingher 1988,
Cordoba et al., 1990; Leahy et al. 1978). Por outro lado, apenas alguns
estudos investigaram o efeito destas drogas em ratos jovens (Goodiett et al.,
1985; Souza et al., 1992).

O estudo dos efeitos de drogas de acdo central realizado com ratos,
sspecificamente durante a fase de crescimento inicial, @ de muito interresse,
pois ratos desnutridos podem apresentar alteragbes nas concentrages de
noradrenalina, serotonina e dopamina no SNC (Morgane et al., 1878, Hesnick
& Morgane, 1984; Wiggins et al; 1982;1984). Ainda, o sistema dopaminérgico
& vérios outros sistemas de neurotransmissores se desenvolvem intensamente
durante o pericdo pds-natal precoce, o que pode ser evidenciado tanto por
métodos bioguimicos (Broaddus & Bennett Jr 1980; Muller. et al., 1994; Pardo
et al., 1977) quanto por estudos de psicofarmacologia (Baez et al., 1976; Coyle
et al., 1985, Shalaby & Spear 1980, Smith et al, 1982), Estes fatos
avidenciam a grande susceptibilidade aos disturbios induzidos pela
desnutricéo durante o inicio do desenvolvimento do SNC.

O presente trabalho objetiva avaliar os efeitos comportamentais de
diferentes antagonistas dopaminérgicos, a saber: clorpromazing, haloperidol e
SCH23390, em ratos jovens submetidos a desnutricdo pds-natal. Estas drogas
possuem diferentes estruturas quimicas e diferentes agdes sobre receptores
dapéminérgicos do tipoc D1 e D2 {Tamminga & Gerlach 1987) e foram
escolhidas como "ferramentas” de estudo do sistema dopaminérgico, devido

ao fato de alguns autores terem demonstrado, previamente, que ratos



desnutridos apresentam menor numerc de sitios de ligagdo para o [° HJ-
espiroperidol em membranas de estriado e hipossensibilidade & .apomerfina
(agonista dopaminergico), bem comp maiores concentragbes de dopamina em
tecidos nervosos centrais (Wiggins et al. 1982, 1984). Portanto, o presente
gstudo objetivou investigar se o fendmeno de hipossensibilidade dos ratos
desnutridos, previamente descrito em relacéo aos agonistas dopaminergices,
tammbém se verificaria quando da administraggo de antagonistas
dopaminérgicos. Ainda, decidimos avaliar, comparativamente, os efeitos de
cada uma destas drogas, decorridos varios intervalos de tempo apds a injego,
tanto em animais desnutridos como em animais normais. Isto merece atengdo
especial, pois a maioria dos estudos prévios avaliaram efeitos de drogas em
gpenas um momento apos sua administragdo. Ainda, na maioria dos estudos
que procuraram avaliar as influencias da desnutrido, utilizaram-se dietas
pobres em proteinas (Almeida et al. 1986; Goodlett et al. 1985, Hall et al. 1983
Leahy et al. 1978; Perry et al. 1890, Rocha & Mello 1994; Venedite et al 1987},
Neste estudo, a desnutricio foi realizada reduzindo-se a quantidade de
alimento ofertada &s fémeas no pericdc pods-natal, quando estas
amamentavam seus fithotes. Avaliamos a inibicdo da atividade locomotora e a
catalepsia induzidas por estes antagonistas dopaminergicos. Estas duas
formas de avaliagdo do comportamento parecem ser controladas por diferentes
vias neurais, ambas dopaminérgicas (Beninger 1983; Campbell et al. 1988,
Fink & Smith 1980; Museo & Wise 1990). A catalepsia parece estar
relacionada aos efeitos extrapiramidais dos antagonistas dopaminérgicos
(Campbell et al. 1988), ao passo que os efeitos sobre a atividade locomotora
parecem estar mais relacionados ao antagonismo de receptores
dopaminérgicos de outras localizagbes, tais como os receptores do sistema
mesaocorticolimbice (Fink & Smith 1980; Museo & Wise 1920},
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Abstract: Undernutriion during critical periods of development may cause
changes in the behavioral responses of rats to centrally acting drugs. In the
present study, the effects of undernutrition during suckling on the behavioral
responses of 21-days-old rats to chlorpromazine (0, 2.5, 5, 10 and 20 mg/kg)
or haloperidol (0, 0.125, 0.25, 0.5, 1 or 2 mg/kg) were examined. Locomotion
was assessed at 1h30min, 4h30min, 7h30min and 10h30min, and catalepsy
was scored at 3h, 6h and 9h after drug administration. Drug was injected on
two consecutive days. On day 1, saline-treated undernourished rats showed
significant greater locomotion activity than did normal rats. The neuroleptic-
induced inhibition of locomotor activity in undernourished rats was significantly
less than that observed in normal rats from 4h30min to 10h30min
(chlorpromazine) or from 7h30min to 10h30min (haloperidol). On day 2, a
similar trend was observed but only in rats injected with 5 mglkg
chlorpromazine or 0.5, 1, and 2 mg/kg haloperidol. On day 1, the catalepsy
scores at 3 h revealed no significant difference between nutritionat groups, but
at 8h undernourished rats responded significantly less to chiorpromazine or
haloperidol. On day 2, undernourished rats were less responsive o
neurocleptics than normal rats, but the effect was not so evident as observed on
day 1. The present results  suggest that the behavioral effects of
chiorpromazine and haloperidol are less persistent in undernourished rats,
possibly due to differences in drug distribution and elimination, when

compared to well-nourished rats, j
i



Undernutrition during early periocds of development may cause
permanent alterations in the neurochemistry and behavior of experimental
animals {Crnic 1983; Marichich et al. 1979; Morgane et al. 1978; Resnick et al.
1879, Rocha & Vendite, 1930; Smart et al. 1989; Tonkiss et al. 1987; Wiggins
et al. 1984). Various studies have demonstrated that perinatal undernutrition
causes transitory or permanent changes in enzyme aclivities reiated to various
neurotransmitter systems (Morgane et al. 1978; Represa et al. 1988; Rocha et
al. 1980; 1991, Rocha & Souza, 1994, Wiggins et al. 1984) as well as changes
in the levels of various classes of neurotransmitters (Marichich et al. 1978,
Morgane et al. 1978; Wiggins et al. 1884, Vendite et ai. 1988).

Changes in the functional state of neurotransmitter systems prompted
investigators to examine whether they modify the behavioral sensitivity of
undernourished rats to psychoactive drugs. On fthe basis of the fact that
protein malnutrition changes the cerebral levels of thryptophan and serotonin
{Resnick & Morgane, 1984), Hall et al (1983} investigated the effects of
mainutrition on the behavioral response of adult rats to the serotonergic
agonist, N ,N-methylthryptamine. They observed 'that malinourished animals
were less sensitive to the drug in four behavioral tasks. Other studies have
shown that early undernutrition decreases the fevel of hypothalamic B-
endorphin in adult rats and causes hyposensitivity fo exogenousiy
administered opioid peptides and to naltrexone in various behavioral situations
{(Perry et al, 1990; Rotta et al. 1988; Rocha & Mello, 1984, Souza et.al. 1892;
Vendite et al. 1987 1988). Several other studies have demonstrated that
animals undernourished during pregnancy and/or suckling present alterations
in response to drugs acting in the central nevous system during aduithood
(Almeida et al. 1996; Brioni and Orsingher 1988; Cordoba et al. 1990, Leahy et
al. 1978). In contrast, only a limited number of studies have investigated the
effect of drugs in young rats (Goodlett et al. 1985; Souza et al. 1992).

investigation of drugs that exert their effects centrally in developing rats

is of considerable interest, since undernourished young rats may present



changes in the levels of nor-epinephrine, serotonin and dopamine. (Morgane
et al, 1978; Resnick & Morgane, 1984 Wiggins et al. 1982; Wiggins et al,
1984). Furthermore, dopaminergic and various other néurotransmitter systems
display intense development during the early postnatal period which can be
svidenced by biochemical (Broaddus & Bennett Jr 1990, Muller et al. 1994,
Pardo et al. 1977) or psychopharmacological approaches {Baez et al. 1976,
Coley et al. 1985; Shalaby & Spear 1980, Smith et al. 1982). Consequently,
during early development the potential susceptibility fo nutritional énsuii
nereases,

The current study evaiuates the behavioral effects of two antipsychotic
agents (chiorpromazine and haloperidol) with different chemical structures and
with distinct anti-dopaminergic action {Tamminga & Gerlach 1987) on weaning
undernourished rats. The rational for the use of these drugs resides in the fact
that previous studies have indicated that weaning undernourished rats present
a low densily of spiroperidol binding sites and elevated levels of dopamine
(Wiggins et al. 1982; 1984). Furthermore, the effects of chlorpromazine and
haloperidol were assessed at various intervals in order {0 determine whether
undernaurished and normal rats showed similar behavioral responses to drug
as a function of time. This aspect deserves attention because the majority of
the previous studies have evaluated the effects of drugs in undernourished
animals using a single time point. Another important aspect is that these
previous studies that evaluated the effects of drugs in undernourished animal
have used a low pratein diet to undernourish dams and pups {Aimeida et al.
1996; Goodlett et al. 1985, Hall et al. 1983, Leahy et al. 1978; Perry et al.
1890: Rocha & Mello 1894; Vendite et al. 1987). In the present study,
undernutrition was induced by reducing the quantity of food offered to dams
during suckling. Different methods used to induce undernutrition change
maternal behavior and other non-nutritional variables in distinct ways (Crnic
1980; Fleischer & Turkewitz 1981; Frankova 1973, Galler & Kanis, 1987
Galler & Turkewitz 1977 Lynch 1976; Rocha et al. 1988; Rocha & Vendite



1980; Smart 1983; Wiener et al. 1977}, which may influence'{fhe behavioral
response 1o drugs. Catalepsy and locomotion, two classes of behavior that are
presumably controlled by different pathways of the dopaminergic system
{Beninger 1983; Campbell et al. 1888; Fink and Smith 1880; Museo and Wise
1990) were investigated. Catalepsy seems to be related to extrapyramidal
effects of neurcieptics (Campbeli et al. 1988} and locomotion seems io be
associated with pathways located in other brain regions such as the

mesocorticolimbic dopamine system (Fink and Smith 1980, Museo & Wise

1990).

R



Material and Methods

Undernutrition. Wistar rats from our own breeding stock were used. Rats were

maintained on a 12h light/12 h dark cycle (light on at 700). Three virgin female
rats were housed with one male for about 20 days. After this period, pregnant
rats were individually caged in opaque plastic cages (48 x 22 x 18 cmj}. On the
day of birth (day 0}, litters were adjusted to 9 pups and haif the dams were
assigned at random to one of the nutritional groups. i\[ormai dams had free
access to a commercial diet, while undernourished mothers received a
restricted food regimen. On day O, food was removed and thereafter the
foliowing food scheme was applied to the undernourished dams: from day 1 to
7 they received approximately 12 g of food/day, from da:y 8 to 14 approximately
17 g, and from day 15 fo 22 approximately 25 g/day. Water was available at all
timaes o rats of both nutritional freatments. The food restriction imposed
resulted in a decrease in the amount of milk avatiable to the pups. This method
is similar {o those used by various investigators (Smart & Dobbing 1971, Crnic
& Chase 1978; Stephens & Tonkiss 1980; Rogers et al. 1986). However, the
nutritional deprivation was more severe since the restricted food offered to
undernourished dams amounted only to about 40% of the intake of normal

dams and resulied in the loss of about 20% of the litters (Rocha et al. 1993).

Chlorpromazine freatment. On day 20, female offspring of both dietary groups

were weighed and randomly assigned to one of the following doses of
chlorpromazine: 0 {saline treated group), 2.5, 5, 10 or 20 mg/kg. On day 21,
rats were weighed and injected subcutaneously with chlorpromazine (10 mi/kg
of body weight). Twenty four hours after the first drug administration (day 22),
rats were weighed and injected with the same dose used on day 1. Rats within
a litter were assigned at random to a given dose but in such a way that no
more than one rat from a single litter was assigned to the same dose. Rats

were returned to their home cage immediately after each injection.



Haloperidol treatment Rats were treated in a similar way to that as described

for chlorpromazine, except that the following doses were used: 0 (saline
treated rats}, 0.125, 0.25, 0.50, 1 and 2 mg/kg.

Open_field behavior. Locomotion was assessed by the number of squares

crossed with the four paws and rearing responses by the number of times the
rats stood up on their hind legs in an open-field arena measuring 56 x 42 x 40
cm (high) which had the floor divided into 12 squares (Pereira et al. 1892).
Each open-field session lasted 3 min and was carried out 1hr 30 min, 4 hr 30
min, 7 hr 30 min and 10 hr 30 min after each daily injection. The open field
apparatus was located in a fixed place on the floor of the colony room. Each
rat was removed from the home cage just before testing (the place of the
home cages in the colony room was not changed during the experiments) and
returned to it just after the end of each behavioral test. Thus, each animal was
separated from dam and siblings for about 4 min. Drugs were administered in
such a way that the last open-field session was held during the dark phase of
the cycle. The open fieid and the colony room were illuminated by a white lamp
located in an adjacent room in order to mirimize the effect of light on the
cyrcadian rhythm of the rats.

Measurement of Catalepsy. Catalepsy was measured using a wire grid {20 x

25 emy) inclined 45 degrees relative to the bench top. Each rat was placed with
its forepaws near the edge of the grid and the amount of time spent in this
atypical position was recorded 3 times for each interval after drug injection (3,
6 or 9 h} using a stopwatch. Each rat was placed on the inclined grid and
observed for a maximum of 60 5. If the animal did not move within 60 s it was
removed and returned again {o the grid. At the end of the three replications,
the mean time spent by the rat without moving was calculated for each test.
This technique was selected over the other alternative methods due to the fact
that previous studies demonstrated its high sensilivity {0 neuroleptics
(Campbell et al. 1884). The catalepsy scores were obtained each day at 3 h,

&h and 12 h sfter drug administration. Animals were tgeated as described in
i



the Open field behavior section and the last catalepsy test was carried out
during the dark phase of the cycie.
Statistical Analysis. The data were first anallyzed by a 4-way ANOVA with the

sassion (the open field test sessions lasted 3 min while catalepsy fest session
time varied depending on rat behavior) and day factors treated as within
subject factor. A significant diet x dose x session x day, diet x dose x day, diet
x day or dose x day interaction was observed for locomotion and catalepsy
indicating that the behavioral response to drugs (chlorpromazine and
haloperidal) was distinct on each day depending on the nutritional treatment
andlor dose administered to young rats. Thus, in order to simplify data
interpretation, a 3-way ANOVA was carried out on each day: 2 diets x 5 doses
of chiorpromazine {or 8 doses of halopendol} x 4 (sessions - for open-fieid
and rearing data) or 3 (sessions ~ for catalepsy data) with the sessions factor
reated as within subject factor, Data were analyzed using the SSPS/PC
program and significant effects demonstrated by ANO\JJA were accepted only
when the resulis of MANOVA were also significant (O’Brien and Kaiser 1985).

For the case of locomotor activily, additionai statistical analysis was
carried out in order to highlight whether the differences in response to the
drugs were not related to differences in the baseline: activity of normal and
undernourished saline-treated groups. At each time point, the mean score of
saline-freated rals in each nutritional group was used as a 100% and the
values of the groups were caijculated as the ratio between individual
scores/mean score of respective saline group. Thus, in each nutritional group,
locomotor activity was analysed as a percent of the respective saline-tre:ated
Qroup.

Significant main effects or low level interactions were discussed only

when higher order interactions were not statistically significant.
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Results

Body Weight of Weaning rats

Undernourished animals (19.4 £ 1.2, mean + 8D for 35 litters used in the two
experiments} present lower body weight than normal rats (43.8 + 1.9 for 30
litters).

The effects of undernutrition and drugs on rearing response were
essentially similar to those observed in crossing responses. Thus, to avoid
redundant data presentation only crossing data will be described.

Chlorpromazine - Crossing ~-day 1.

Analysis of between-subject effects for crossing on day 1 reveaéed a
significant  diet x dose interaction (F(4,121)=4.08, p<0.01) as a result of the
higher total activity scores {sum of all sessions} of undernourished rats treated
with saline (0 mo/kg), 2.5 and & mglkg chlorpromazing, when compared {o
normal rats (data not shown}.

Analysis of within-subject effects yielded a significant diet x dose x
session interaction (F(12,363)=2.34, p<0.01), which was mainly due {0 the
reduced response of undernourished animals to 2.5 mg/kg chlorpromazine at 4
h 30 min and to 2.5 and 5 mg/kg chlorpromazine at 7 h 30 min and 10 h 30 min
after drug administration. The higher activity of saline-injected undernourished
arimals when compared to normal rats  also contributed to this interaction
{Figure 1A ).

When data were analysed as a percent of saline-treated groups,
ANOVA revealed similar between-subject and within-subject effects to those
ohserved in the analysis using absolute scores (diet x dose interaction,
F(4,121)=2.57, p<0.05, and a significant diet x dose x session interaction,
F{12,363)=2.03, p<0.05). These results corroborate that undemourished rats
responded less to 2.5mg/kg CPZ during session carried out at 4h 30min and to
2.5 and 5 mg/kg CPZ during sessions carried out at 7h 30min and 10h 30min
after drug administration (Table 1) in spite to the increase in baseline activity

of saline-freated undernourished rats.
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Chiorpromazine- Crossing day 2 .

Analysis of between-subject effects of crossing responses on day 2
revealed a significant diet x dose interaction (F(4,121)=3.59, p<0.05) due to
the higher activity of undernourished rats treated with 5 mg/kg chlorpromazine
when compared with normal rats {data not shown).

Analysis of within-subject effects yielded a significant diet x session
nteraction (F(3,363)=3.11, p<0.05) as a consequence of the higher activity of
undernourished rats injected with 5 mg/kg chlorpromazine when compared with
normal rats at 4 h 30 min, 7 h 30 min and 10 h 30 min (Figure 1B).

When data were analysed as a percent of saline-treated groups,
ANOVA revealed a significant diet x dose interaction (F(4,121)=3.08, p<0.05)
and a significant diet x session interaction (F(3,383)=4.43, p<0.01). These
interactions were significant mainly due to the fact that & mg/kg CPZ-treated
rats reponded less to CPZ at 4h 30min to 10h 30min than did normal animals
{Table 1)

These results showed that undernourished rats tend to respond less to

CPZ on day 1 and 2, but this was more evident on day 1.

Chiorpromazine- Catalepsy day 1.

Analysis of between-subject effects revealed a main effect of dose
(F(4,121)=201.7, p<0.01) as a result of the dose dependent increase in
catalepsy scores (sum of the scores obtained during all sessions, data not

shown}.

nalysis of within-subject effects revealed a significant diet x dose x
session interaction (F(8,242)=2.90, p<0.05). The third order interaction was
significant because 2.5 mglkyg, 5 mg/kg and 10 mg/kg chiorpromazine-injected
undernourished rats present lower catalepsy scores thain narmatl rats only at 6

h after drug administration {Figure 2A).



Chiorpromazine - Catalepsy day 2.

Analysis of catalepsy scores on day 2 revealed a main effect of dose
(F{4,121)=95.13, p<0.01) due to the increase in catalepsy scores as @
function of dose {data not shown).

Analysis of within-subject effects revealed a significant diet x session
(F(2,242)=3.28, p<0.05) and dose x session interaction (F(8,242)=9.91,
p<0.01). Dose x session interaction was significant because the catalepsy
scores of rats injected with 2.5, 5, 10 and 20 mg/kg chlorpromazine decreased
as a function of sessions {Figure 2B). Diet x session interaction was significant
mainly due to the lower catalepsy scores of 2.5 mg/kg chiorpromazine-injected
undernourished animals at 6 hours after drug administrgtion when compared to
normal rats (Figure 2B). Thus, as observerd for locomotor activity,
undernourished animais tended to respond tess to CPZ on day 1 and 2,

although this was more evident on day 1.

Hajoperido| - Crossing day 1.

nalysis of between subject effects yielded a significant main effect of
diet (F(1,102)=65.5, p<0.01) and of dose (F(5,102)=30.2, p<0.01) due to the
greater overall activity of undernourished animals when compared to normat
rats and to the dose-dependent reduction in locomotor activity in both dietary
groups, respectively {data not shown).

Analysis of within subject effects revealed a significant diet x dose x
session interaction (F{15,306)=2.80, p<0.05), This effect was mainly due to the
fact that haloperidol-treated undernourished rats crossed more squares than
did normal rats at 4h 30 min, 7h 30 min and 10h 30 min after administration
{Fig 3A). The higher activity of saline-injected undermourished rats also
contributed to this interaction,

When data was analysed as a percent of saline-treated groups, the
statistical analysis revealed results similar to those obtained using the

absolute scores. ANOVA reaveled a significant main effect of diet
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(F(1,102)=4.21, p<0.05) due to the greater overall activity of undernourished
rats when compared with normal rats. ANQVA also revealed a significant main
effect of dose (F(5, 102)=4.47, p<0.01) as a consequence of the dose-
dependent reduction in locomotor activity of rats of both dietary groups.
Analysis of within-subject effects revealed a significant diet x session (F(3,
306)=3.34, p<0.05) and a significant dose x session (F(15, 306)=2.11, p<0.05)
as a consequence of reduced responsiveness of undernourished rats to
haloperidol at 4h 30min to 10h 30min after drug administration when

compared to normal animals {Table 2).

Haloperidol - Crossing day 2.

Analysis revealed a significant main effect of diet (F(1,102)=14.5,
5<0.01) due to the greater activity of undernourished animals when compared
to normal rats and a significant main effect of dose (F(4,102)=6.4, p<0.01) due
io the dose-dependent decrease in locomotion as a function of haloperidol
dose {data not shown).

Analysis of within subject effects yielded a significant diet x session
interaction {F(3,308)=2.04, p<0.05) due to the greatér activity of 0.25-, 0.5-, 1-
and 2 mg/kg haioperidol-injected undernourished rats when compared to
normal rats during the sessions carried out at 7 h 30 min and 10 h 3C min

| {Figure 3B).

When the data were analysed as a percent of saline-treated groups,
ANOVA vielded a significant main effect of diet (F(1,102)=6.98, p<0.01} and of
dose (F(5,102)=5.85, p<0.01) as was observed when the data were analysed
using the absolute values of locomotor activity. Analysis of within-subject
sffects yielded a significant diet x dose x session interaction (F(15,306)=2.89,
p<0.01). This was due to the greater activity of 1- and 2 mg/kg haloperidol-
treated undernourished rats when compared {o normal rats during the session
carried cut from 4h 30min to 10h 30min. The greater activily of 0.25- and 0.5

mglkg haloperidol-treated rats during the session carried out 7h 30min. Thus,
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undernourished rats tend to respond less to haloperidol than nomal rats on

days 1 and 2.

Haloperidol - Catalepsy - day 1.

Analysis of catalepsy data revealed a significant diet x dose interaction
{F(5,102)=3.88, p<0.01) due to the overall reduced responsiveness of
undernourished rats to 0.25, 0.5, 1 and 2 mg/kg haloperidol (data not shown).

Analysis of within subject effects revealed a significant dose x session
(F(10,204)=8.0, p<0.01) and diet X session interaction (F(2,204)=11.6,
p<0.01). These interactions were significant because the effect of haloperidol
in both dietary groups decreased as a function of time, but the decrease was
faster in undernourished animals. This was evident 6 h after drug

administration (Figure 4A).

Haloperidol - Catalepsy - day 2.

Analysis of between subject effects yieided a significant diet x dose
interaction (F{5,102)=5.57, p<0.01) due to the overall reduced sensitivity of
undernourished animals to 0.25, 0.5 and 2 mg/kg haloperidol (data not shown).

Analysis of within subject effects revealed only a significant dose X
session interaction (F(10,204)=7.21, p<0.01) duga to the decrease
responsiveness 1o haloperidol as a function of time in both dietary groups (Fig
4B). Thus as observed for locomotor activity, undernourished rats tended to

respond less to haloperidol, but this was mare evident on day 1.

gr—
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Discussion -

Undernutrition affected the motor a:btivity of young rats on day 1 of
testing as evidenced by the fact that saline-treated undernourished rats
ambulated more than normal rats in sessions carried oyt at 4 h 30 min, 7 h 30
mint and 10 h 30 min after saline administration. On day 1, undemourished
~animals tended to respond less to chlorpromazine and haloperido! (after 4 h
30 min} and this reduced sensitivity last for the rest of the observations that
day. On day 2, the reduced sensitivity to chiorpromazine was evident only for
animals injected with 5 mg/kg of the drug. For haloperidol, this was apparent
for rats treated with 0.25, 0.5, 1 and 2 mg/kg. Similarly to the locomotor
activity, catalepsy data indicated that early undernourished rats tended fo
show an overall hyposensitivity to chiorpromazine and haloperidol at 8 hours
after drug administration on day 1. Since at an early time (3 hours),
undernourished rats responded to chlorpromazine and haloperidol like normat
rats it is reasonable to suppose that the drugs were eliminated more rapidly in
undernourished animals. On day 2, the influence of undernutrition was net so
clear. Several faciors may contribute to the reduced response of
undernourished animals © neurcleptics including alteration in distribution,
uptake and elimination of the drugs. Changes in pharmacaokinetic parameters
seem plausible, since chiorpromazine and haloperidol are hipophilic drugs and
early malnourished animals present less fat in their bodies (Smart et al. 1989).
However, there are a considerable body of data showing that adipose tissue
storage is not simply a matter of lipid solubility and partition. Functional groups
of the drug molecules play a decisive role and basic lipophilic drugs such as
haloperidol and chiorpromazine are not redistributed into adipose tissue
{Betschart et al. 1988; Bickel, 1984; Moor et al. 1862). Therefore, adipose

tissue may play a role only if these drugs were stored in the adipose tissue at
the site of injection as observed by Betschart et al (1988) when they

administered basic lipophilic drugs by the intraperitonial route. In this case,

when the drugs are given via the intraperitonial route, the storage appears {0



result from non-systemic, diffusional uptake from the peritoneal cavity
{Betschart et al. 1988). Another factor that may have contributed to differences
in the sensitivity to haloperidol and CPZ in undernourished rats is the fact that
pophilic drugs are transported bound to albumin in plasma (Goodman &
Gilman's, 1996; Sato & Koshiro, 1995) and competition between antipsychotic
drugs and other hydrophobic molecules may occur (Sato & Koshiro, 1895).
Young undernourished animals presents higher levels of free fatty acids in
plasma than does normal rats (Morgane et al. 1978). T%’IUS? it is plausible that
free fatty acids compete with CPZ and haloperidol for binding to albumin which
may alter the distribution and elimination of these drugs in undernourished
animals.

Acute administration of neuroleptics such as chlorpromazine and
haloperidol causes an increase in dopamine turnover, as measured by
increased tyrosine hydroxylase activity and dihydroxy-phenylacetic acid and
homovanilic acid concentrations (Bannon et ai. 1883; Carlsson and  Lindgvist
1963; Coyle et al. 1985; Ericson et al.. 1996, Fekete and Borsy 1971, Kolenik
et al. 1989; Nyback and Sedvall 1969). Thus, i i8 possible that some of the
doses of chlorpromazine and haloperidol used in the present investigétion
changed the metabolism of dopamine in undernourished animals in a such way
that the reduced sensitivity observed on day 1 decreased on day 2.
Alternatively, there is also evidence suggesting that the behavioral and
biochemical effects of dopaminergic agents are influenced by novelty (Bardo et
al. 1990). In the present report, young undernourished rats showed
hyperactivity in the open-field on the first day of exposure, which may indicate
that they interact with novelty in a different way than do normal rats. Previous
published data demonstrated that early undernourished adult rats react
behaviorally and neurochemically to novel situations in a different way than do
normal rats (Melio et al. 1989; Perry et al. 1990; Rocha & Mello 1994, Vendite
et al. 1988, Vendite et al. 1880). Thus, it is possibie that the hyperactivity

observed in undernourished rats contributed to the behavioral hyposensitivity
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to chiorpromazine and haloperidol. However, the difference between saline-
treated rats in the two groups at all but the first time point (th 30 min) on the
first day could also be explained by a faster habituation of normal rats to the
apparatus.

in summary, the resulis of the present study demonstrated that young
undernourished rats are hyposensitive to various doses of chlorpromazine and
haloperidol in two classes of behavior. The fact that the effect of neurcleptics
{mainly on day 1) on locomotion and catalepsy were similar for the two groups
at the first time point and then became less pronounced in underourished rats
as a function of time point fo changes in the pharmacokinetics of
chiorpromazine and haloperidol in  undernourished animais. However,
additional investigations are necessary to clarify whether changes in brain
sites are also involved in the observed hyposensitivity, since previous studies
have demonstrated that weaning undermnourished rats showed low density of

D2 sites in the striatum.
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LEGEND TO FIGURES

FIGURE 1 - Effect of chlorpromazine on locomotor activity of young rats on day
1 (panel A) and 2 {panel B). Blank squares (normal rats), filled squares
{undernourished rats). N=12 o 14 rats in each group. Data are expressed as

meantS.EM f

FIGURE 2 - Effect of chlorpromazine on catalepsy scores of young rats on day
1 (panel A) and 2 (panel B). Blank squares (normal rats), filled squares
{undernourished rats). N=12 to 14 rats in each Qroup. Data are expressed

as meantS E.M.

FIGURE 3 - Effect of haloperidol on locomotor activity of young rats on day 1
{panel A) and 2 (panel B). Blank squares (normal rats), filled squares
(undermourished rats). N= 8 to 11 rats in each experimental group . Data are

expressed as meantS.E.M

FIGURE 4 - Effect of haloperidol on catalepsy scores of young rats on day 1
{panel A} and 2 (panel B). Blank squares {(nermal rats), filled squares
(undernourished rats). N= 8 to 11 rats in each experimental group. Data are

expressed as meantS. E.M.
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Table 1 - Effects of undemutrition during: suckling on the behavioral response fo

chiorpromazine of weaning rats (% locomotor activity of saline-ireated group).

Time after injection

15 30 min
DOSE (mg/kg)
0
2.5
5
10
20

4 h 30 min
DOSE (mg/kg)
0
2.5
5
10
20

7t 30 min
DOSE (mg/kg)
0
2.5
5
10
20

10 h 30 min
DOSE {my/kg)
0
2.5
5
10
20

DAY 1

nermat undernourished
100.048.0 100.0468.6
57.7+4 6 37 443.0*
14.3+1.8 9 .4+22
3.240.9 1.5+0.4
0,74+0.2 1.3+0 86
normal undernourished
100.047.8 100.0+7.3
58,944 1 78915 2*
249436 27 .9+3 .1
4.3£1.9 1.740.8
1.0+08 0.0+0.0
normal undemourished
100.0+11.3 100.0£8.7
44 8479 133.4411.8°
2586457 58 945 0%
18.1£2.8 13.4+1.9
0.7+0.3 0..1:0.3
normal undernourished
100.0£9.6 100.01+8.8
40.1+4.7 107,481
41.745.8 890.947.8*
256131 267433
14.912.8 8.51+2.5

DAY 2
normat undemourished
100.047.8 100.018 2
72.046.7 52.647.2
28.842.3 38914 4
18,0442 3.9+1.2
10.4+3.1 2.0+1.2
normai  undemourished
100.0£11.8 100,0+12.8
78.3+10.9 56.6+7.2
7.8+1.6 68.6+10.4*
17.245.5 9.1+4.1
6.4+1.7 4. 7+1.0
normal undemourished
100.0+13.9 100.0+13.7
84.4+8.8 94.7+10.8
10.54+2.3 121.6414.4*
20044 8 43516 3*
0.040.0 T.4+2 4
normal  undernourished
100.048.2 100.0+10.8
100.3+12.9 110.6411.1
18.5+3.7 97.2+10.7*
345149 32.9+58
16.243.5 356467

T

*Indicates a significant difference from normal group within the same day {p<0.05;

comparisons by Duncan’s Mutiple Range test). Data are expressed as meantS.EM.
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Table 2 - Effects of underutrition during suckling on the behavioral response to

haloperidof of weaning rats (% iccomotor activity of saline-treated group).

Time after injection
th 30 min

DOSE {mglkg)
0

0.125

0.25

0.5

1

2

4 h 30 min

DOSE {mg/kg)
0

0.125

0.25

0.5

1

2

7 h 30 min

DOSE {(mg/kg)
0

0,125

0.25

0.5

1

2

10 h 30 min

DOSE (mg/kg)
0

0.125

0.25

0.5

1

2

DAY 1
rormat undemourished
100.046.0 100.0+£5.8
38.5+2.8 44 1450
1.840.3 4.0+0.7
0.6+0.2 3.6+1.0
0.0+0.0 1.54+0.4
2.140.7 0.3+0.3
DAY 1
normal undernourished
100.015.7 100.0+5.9
57.0+7.5 63.3+4.8
2.0+086 40.8+3.2°
0.0+0.0 26.2+3.4*
0.810.2 12.3+1.7*
0.040.0 06104
DAY 1
normai undermourished
100.0+10.4 100.048.2
105.0+9.1 113.416.8
61.616.5 116.4£9.4*
86,7+7.7 54 B+3.9
12.8+1.7 50.0+3.9*
0.0+0.0 17.3+1.1°
DAY 1
normal undernourished
100.0+8.2 100.0+7.9
111.616.8 116.8+4.0
719487 74.3+5.3
74.8x7 .4 B3747.2
28.4+3.9 85 6+4.8*
17.2+1.9 52.0+3.9*

DAY 2
normat underncurished
100.0+8.9 100.0+10.5
58.7+5.3 755477
30.3+4.0 28 5439
23.011.5 336435
25.3+5.9 145428
2.9+0.4 §.1%£1.8
DAY 2
nermal undernourished
100.0+10.3 100.0411.7
583463 79.846.8
34,5456 352450
20.3x3.9 335428
2.510.3 63.748.2*
12.011.4 66.4+9, 1"
DAY 2
normat undernourished
100.048.8 100.048.8
55.1+4.4 89.440.3
436442 98.8+10.6*
27.633.6 75.018 4%
15.4+1.9 71.049.1*
16.342.1 76.845.6%
DAY 2
normal undernourished
100.049.8 100.0486.7
14444109 57 251
53.9+4.8 58.848.3
731457 £9.416.9
43 8+4.5 80.716.8"
f 23.8+2.8 70.144.2%

“indicates a significant difference from normal group within the same day (p<0.05;

comparisons by Duncan’s Mutiple Range test).
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Summary.

LUindernutrition during critical periods of deveiopment may change the behavioral
responses of rats to centrally acting drugs. In the present study, the effects of
undernutrition during suckling on the behavioral responses of 21-days-old rats to
SCH23390 (0, 0.3, 0.6 and 1.2mg/kg) were examined. Locomotion and catalepsy
were assessed at 25 min, 1 h 10 min, 1 h 55 min and 2 h 40 min after drug
administration on two consecutive days. SCH23390 induced a similar inhibition of
locomotor activity in both normal and undernourished animals. On the other hand,
SCH23390-induced catalepsy was reversed differently in undernourished animals
compared to normal animals with resulting lower catalepsy scores at the 1 h 55 min
and 2 h 40 min assessments for the undernourished animals on day 1, but not on
day 2. it is suggested that the behavioral effects of SCH 23390 are less persistent
in undernourished rats, possibly due to a change in drug pharmacokinetics, when

compared to well-nourished rats.

I



introduction:  Undernutrition during early periods of development may cause
permanent aiterations in the neurochemistry and behavior of experimental animals
(1,.2). Various studies have demonstrated thal perinatal undernutrition causes
transitory or permanent changes in enzyme activities related to various
neurotransmitter systems as well as changes in the levels of various classes of
neurotransmitters (2,3).

| Several other studies have demonstrated that animals undernourished during
pregnancy and/or suckiing present alterations in response {o drugs acting on the
central nervous system during aduithood (4). In contrast, only a limited number of
studies have investigated the effect of drugs in young rats {3). investigation of
drugs that exert their effects centrally in developing rats is of considerable interest,
since undernourished young rats may present changes in the levels of nor-
epinephrine, serotonin and dopamine. (2).

In a previous study, we have shown that undernourished weanling rais were
hyposensitive to chlorpromazine and haloperidol as evaluated by catalepsy and
spontaneous locomotor activity(5). These two classes of behavior are presumably
controfied by different pathways of the dopaminergic system (6-9). A change in
drug pharmacokinetics associated with undernutrition was suggested as a possible
explanation for the differences observed(3). f

Since undernourished rats showed similarly attenuated responses to
chiorpromazine (a D1 and D2 antagonist) and haloperidol (2 D2 antagonist} when
compared to normal rats (5), we decided to investigate whether SCH23330, a D1
antagonist with cataleptogenic effects analogous to those of other neuroleptics but

with & much shorter duration of action (10), would lead to comparable resuls,

Materials and Methods

Undernutrition.  Wistar rats from our own breeding stock were wused. Rats were
maintained on a 12 h light/12 h dark cycle {lights on at 7 a.m.). On the day of birth
(day 0), litters were adjusted to 9 pups and half the dams were assigned at random

to one of the nutritional groups. Normal dams had free access {0 a commercial diet,



while undernourished dams were on a restricted food regimen. On day 0, food was
removed and thereafter the following food scheme was applied to the
undernourished dams: from day 1 o 7 they received approximately 12 g of
food/day, from day 8 to 14 approximately 17 g, and from day 15 to 22 approximately
25 g/day. Water was available at all times to rats assigned to both nuintional
treatments.

SCH23390 treatment: On day 20, offspring of both digtary groups were weighed
and randomly assigned to one of the following doses of SCH233390: O (saline
treated group), 0.3, 0.6, and 1.2 mg/kg. On day 21, rats were weighed and injected
subcutaneously with SCH23390 (10 mifkg body weight). Twenty four hours after the
first drug administration (day 22), rats were weighed and injected with the same
dose ag used on day 1. Rats within a iifter were assigned at random to a given dose
but in such away that no more than one rat from a single litter was assigned to the
same dose. Rats were returned fo their home cage immediately after each injection.
Open field behavior and Measurement of Catalepsy: Locomotion was assessed by
the number of squares crossed with the four paws in an open-fieid arena measuring
56 x 42 x 40 cm (high) whose floor was divided into 12 squares. Each open-field
session lasted 2 min and was carried out 25 min, 1 hr 10 min, 1 hr 58 min, and 2 hr
40 min after each daily injection, Catalepsy was measured immediately after each
open-field test using a wire grid (20 x 25 cm) inclined 43 degrees relative 1o the
bench top. Fach rat was placed with its forepaws near the edge of the grid and the
amount of time spent in this atypical position was recorded 3 times. Each rat was
placed on the inclined grid and observed for a maximym of 60 s.  If the animal did
not move, it was removed from the grid and then retumed to it. If it did not move
within 60 s, it was again removed and returned to the grid. At the end of the three
replications, the mean time spent by the rat without moving was calculated for each

test, |
Statistical Analysis: n order to simplify data interpretation, a 3-way ANOVA was
carried out on each day: 2 diets x 4 doses of SCH23390 x 4 (sessions). Significant



main effects or low lavel interactions were discussed only when higher order

interactions were not statistically significant.

Results and Discussion: Body Weight of Weaning rats. Undernourished animals

(21.4 + 1.8, mean + 8D for 22 litters) present a lower body weight than normal rats
(41.2 £ 2.7 for 17 litters).

On day 1, SCH23380 administration promoted a significant decrease in
locomotor activity (p<0.001); however, no significant effect of dietary treatment was
observed. The inhibitory effect of SCH23390 on locomotor activity decreased as a
function of time, as demonstrated by the significant dose x time interaction
{(p<0.001), regardiess of the nutritional group (Figure 1a). The locomotor activity of
saline-treated animals decreased as a function of sessions in both dietary groups.
On day 2, the behavioral effects of SCH23390 were essentially similar {o those
observed on day 1 (Figure 1b).

Catalepsy results demonstrated that SCH23390 oroduced a dose-dependent
increase in catalepsy scores on the two days of testing for both normal and
undernourished animals {(p<0.001). The cataleptogenic effect of SCH23380
decreased with time, but on day 1 the catalepsy scores were reversed faster in the
undernourished group than in normal rats, as demo{\strated by a significant diet x
session (p<0.005) and a dose x session interaction (p<0.001).

The present resuits show that undernutrition during suckling did not affect the
SCH23390-induced reduction in spontaneous locomotor activity of weanling rats,
however, the cataleptogenic effect of the drug was leé’s persistent in undernourished
animals than in normal rats after the first injection of the compound. This effect of
SCH23390 on catalepsy was somewhat simitar to those previously observed for
chlorpromazine and haloperidol (5), two classical neuroleptic agents. The fact that

SCH23390 initially (25 to 70 min after injection) produced similar catalepsy scores
for both nutritional groups and lower scores for undernourished animals during the
third and fourth sessions may indicate that SCH23390 is eliminated more raptdly n

undernourished than in normal animals. The absence of such an effect on locomotor



activity may be related to the fact that catalepsy and locomotor activity are regulated
by different dopaminergic pathways (11). Catalepsy seems to be related to

extrapyramidal effects of neuroleptics (7) and locomotion seems to be associated

with pathways located in other brain regions such as the mesocorticolimbic

dopamine system (8,9},
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LEGEND TO FIGURES

FIGURE 1 - Effect of SCH23380 on locomotor activity of young rats on day 1
{panel A) and 2 (panel B). Blank squares (normal rats); filled squares

(undernourished rats). N=15 to 20 rats in each group. Data are expressed as

meantS.E.M.

FIGURE 2 - Effect of SCH23380 on catalepsy scores of young rats on day 1 (panel
A) and 2 (panel B). Blank squares (normal rats); filled squares (undernourished

rats). N=15 to 20 rats in each group. Data are expressed as meantS.E M.
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A desnutrico afetou, iscladamente, a atividade iocomotora dos ratos
jovens no primeiro dia de teste. Isto ficou evidenciado pelo fato de os animais
desnutridos tratados com salina terem apresentado atividade locomotora mais
intensa do que os animais normais, notadamente a partir da segunda sessao
de atividade locomotora. No primeiro dia de tratamento, 0s animais
desnutridos mostraram respostas menos intensas a clorpromazina e ao
haloperidol, a partir da segunda sessfo de campo aberto. Esta diferencga
persistiu nas outras sessdes do mesmo dia. No segfuncio dia de tratamento, os
resultados mostraram diferencas menos evidentes entre 0s animais normais e
desnulridos, porém houve uma tendéncia a respostas menos intensas a
clorpromazina e ao haloperidol, para os ratos desnutridos. Ja o SCH23380
ndoc produziu efeitos diferentes nos animais normais," guando comparados com
os desnutridos, no que se refere a atividade locomotora, em ambos 0s dias de
tratamento.

Quanto & catalepsia induzida por estas drogas, observou-se gue 0s
raios  desnutridos  apresentaram  menor sensibilidade ags  efsitos
cataleptogénicos da clorpromazina, haloperidol @ SCH23390, nitidamente no
primeiro dia de tratamento. Porém a hipossensibilidade dos " animais
desnutridos ao haloperidol e clorpromazina nae foi notada na primeira sessao
de avaliagcio da catalapsia (3 h apods administragéo do haloperidol ou
clorpromazina), somente tendo ocorrido a partir da segunda sessao. Como 0s
animais desnutridos sofreram efeitos de mesma intensidade que os
ohservados nos animais normais, iniciaimente, porém re{:tjperaram—se destes
efeitos mais rapidamente, parece sustentavel supor que as drogas tenham sido
eliminadas mais rapidamente nos animais desnutridos. O mesmo aconteceu ao
testarmos 0 SCH23390, pois 0s animais desnutridos responderam de maneira
idéntica aos animais normais, inicialmente, porém recuperaram-se mais
rapidamente do que o0s animais normais, em relagdo aos efeitos
cataleptogénicos do SCH23390. No segundo dia de tratamento, as diferengas

entre 0s grupos foram menos evidentes.
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Muitos fatores podem ter contribuido para a menor sensibilidade dos
animais desnutridos aos efeitos destas irés drogas, principalmente os fatores
farmacocinéticos. A clorpromazina e o© haloperidol s&o drogas muito
lipossoliveis, portanto poderiam sofrer grande influéncia da menor quantidade
de tecido adiposo presente nos animais desnutffidos (Smart et al. 1989).
Entretanto, alguns estudos demonstiraram gue o acumuic de uma droga no
tecido adiposo ndo é, simplemente, determinade pela sua lipossolubulidade e
coeficiente de particdo. Alguns grupos funcionais presentes na estrutura
molecular da droga desempenham papéis decisiv‘cﬁs neste sentido. Assim,
drogas basicas, embora lipofificas, tais como a clorpromazina e ¢ haloperidol,
nédo sdo prontamente distribuidas para o tecido adiposo (Betschart et al. 1988;
Bickel, 1984; Moor et al, 1992).

Estudos da farmacocinética do haloperidol e da clorpromazina em
humanos mostraram, para ambas as drogas, grandes volumes de dis?ribuigéo‘
superando em muito o volume corporal, pois resultaram em cerca de 20
litros/kg de peso corporal (Goodman & Gilman's, 1996). Na verdade, estes
grandes volumes de distribuicdo refletem a intensa ligaglo destas drogas a
sitios fora do compartimento plasmatico, Estudos de farmacocinética destas
drogas em ratos s&o raros, porém um frabalho avaliou o padréo de
distribuicéo tecidual do haloperidol, o qual foi utilizado em doses altas, por um
periodo de até trés semanas. Curiosamente, as maiores concentragbes
teciduais da droga foram encontradas nos pulmdes, as menores, foram
encontradas nos musculos e tecido adiposo (Moor et al. 1992). Este estudo
mostra que, mesmo sob as condigbes mais favoraveis, o haloperidol néo se
acumula no tecido adiposo, apesar da sua grande lipossolubilidade.

Daniel et al.(1997) confirmaram estes achados estudando drogas
psicotrépicas lipossollveis. Observaram que estas drogas, por serem muito
lipossollveis, porém bésicas, s&o0 acumuladas em compartimentos
subcelulares, principalimente nos lisossomas. Por se tratarem de bases fracas,
suas porcdes nao-ionizadas cruzam  membranas, dependendo do pH

extracelular, terminando por acumularem-se no interior dos lisossomas, onde
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se combinam com prétons, o que impede a sua difusdo no sentido inverso,
Estas drogas tambem se ligam, de forma ndo especifica, a fosfolipidios de
membrana. Ainda, as maiores conceniragies destas drogas foram observadas
nos puimées, 0s quais contém grandes quantidades de macréfagos alveolares
(ricos em hsossomas) e surfactante pulmonar (uma mistura complexa de
proteinas e fosfolipidios){Daniel et al. 1997).

Por outro lado, o tecido adiposo poderia desempenhar um papel
fundamental em casos particulares, tais como no estudo realizado por
Betschart et al (1988), no qual drogas lipofilicas foram injetadas nd cavidade
paritoneal. Neste caso, 0 acimuio das drogas no tecido adiposo parece ter
resultado da simples difus@o das mesmas, a partir da cavidade peritoneal, para
a gordura extra-peritoneal, ou seja, de forma nao-sistémica (Betschart et al.
1988),

Outro fator gue pode ter contribuido para a hipossensibilidade dos
animais desnulridos as drogas testadas € o fato de as mesmas serem
transportadas no plasma, intensamente ligadas & albumina (Goodman &
Gilman's, 1998, Sato & Koshiro, 1995). Os animais desnutridos podem ter
menores concentracbes plasmaticas de albuming, além de apresentarem
maiores niveis plasmaticos de acidos graxos livres(Morgane et al. 1878), os
quais competemn com antipsicoticos e outras moléculas hidrofébicas (Sato &
Koshiro, 19895) pela albumina. Portanto, parece muitc provavel que um
aumento dos acidos graxos livres nos animais desnutridos possa ter resultado
em maiores quantidades de droga livie e, conseglentemente, maior
velocidade de eliminagio das mesmas.

O tratamento agudo com neurolépticos, tais como a clorpromazina ou
hatoperidol, causa um aumento no metabolismo central da dopamina, o que se
comprova pelo aumento da atividade da enzima tirosina hidroxilase, bem como
das conceniracbes dos acidos dihidroxifenilacético ¢ homovanilico (Bannon et
al. 1883 Carlsson & Lindqvist 1963; Coyle et al. 1985; Ericson et al 1996;
Fekete e Borsy 1971, Kolenik et al. 1989; Nyback e Sedvall 1969). Assim, &

nossivel que as alteragbes acima referidas, associadas a administracao destas
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drc:gas, sejam responsaveis pela diminuigdo da hipossensibilidade dos animais
desnutridos aos seus efeitos comportamentais, o gue foi observado ao se
comparar 0s resultados do segundo dia de tratamento em relagéo ao primeiro
dia. Por outro lado, ha evidéncias de que os efeitos comportamentais e
bioguimicos de agentes dopaminérgicos sejam influenciados pela novidade
{Bardo et al. 1990). No primeiro dia de tratamento do presente estudo, os
animais desnutridos apresentaram-se mais ativos no campo aberto, em
comparacdo com 0§ animais normais, 0 que pode indicar que estes animais
estejam interaginde com a novidade de forma diferente dos animais normais.
Quiros estudos demonstraram que ratos submetidos a desnutrigdo em idade
precoce apresentam, na idade adulta, repostas comportamentais e
neuroquimicas diferentes a novas situagdes, quando comparados com animais
normais (Mello et al. 1989, Perry et al. 1989; Rocha & Mello 1994, Venedite et
al. 1988; 1990). Portanto, € possive! que a hiperreatividade apresentada pelos
ratos desnutridos tenha contribuido para a hipossensibilidade aos efeitos
comportamentais das drogas testadas, observada neste grupo de animais.
Ainda, a atividade locomotora mais intensa, observada nos animais
desnutridos fratados com salina, a partir da segunda sess@o, em comparagio
com 0§ animais normais, pode representar uma habituagdo mais rapida dos
animais normais ao ambiente do teste.

A hipossensibilidade dos animais desnutridos aos  efeitos
cataleptogénicos da ciorpromaéina e do haloperidol também foi verificada
quando aos efeitos cataleptogénicos do SCH23390. Porem, quanto & inibigéo
da atividade iocomotora, ndo foi possivel notar diferenga entre 0s grupos
nutricionais. Isto pode estar relacionado ao fato de que a catalepsia e a
atividade locomotora sejam reguladas por diferentes vias dopaminérgicas
(Hillegaart et al. 1988). A catalepsia parece estar relacionada as agbes dos
neurolépticos sobre o corpo estriado (Fag et al. 1970, Beninger, 1983), o qual
faz parte dos nucleos da base, estando associado a sislema extrapiramidal.
Demonstrou-se gue microinjegbes de neurolépticos produzem catalepsia

apenas quando estes sdo injetados no corpo estriade, n&o ocorrendo 0 mesmo
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quando injetades em outras areas cerebrais (Fog et al, 1970). Ja a atividade
locomotora sofre influéncia de outras vias neurais, tais como a via
mesocorticelimbica (Fink et al. 1980, Museo e Wise, 1980; Beninger, 1983},

Wiggins et al(1984) sugeriram que a hipossensibilidade de rafos
desnutricdos a agonistas dopaminergicos estaria relacionada a uma reduglo do
numero de receptores. Esta hipdtese ndo pode ser descartada, contudo outros
componentes intracelulares, participantes do acoplamento & da transdugéo do
sinal, também podem ter sido afetados pela desnutrigéo,: 0 que aumenta a
complexidade desta analise, uma vez que tanto fatores farmacocinéticos
quanto farmacodinamicos parecem estar envolvides. Uma possivel maneira de
se elucidar esta guestdo seria através da administragdo destas drogas
diretamente dentro do sistema nervoso central, ou seja, através de injegdes
das drogas nos ventriculos laterais do cérebro, 0 que eliminaria os efeitos da
absorcéo, distribuigéo e eliminagdo das drogas, simplificando a analise.

Em resumo, pode-se concluir que ratos jovens, desnutridos, apresentam
menor sensibilidade aos efeitos cataleptogénicos e inibidores da atividade
locomotora da clorpromazina e do haloperidol, bem como aos efeitos
cataleptogénicos do SCH23390. Estes achados estdo de acordo com a maioria
dos trabathos encontrados na literatura, os quais demonstram, de uma forma
geral, uma hiporresponsividade dos animais desnutridos a varios agentes de
acdo central (Almeida et al. 1996). O fato de haw—i:r efeitos comportamentais
inicialmente similares em animais normais e desnutridos, porém uma
recuperacaoc mais rapida destes efeitos nos animais desnutridos, sugere que
fatores farmacocinéticos possam estar envolvidos, resultando numa etiminagao
mais rapida destas drogas pelos animais desnutfidos. Torna-se evidente a
necessidade de se estudar a farmacocinética destas drogas em animais
desnutridos, dada a grande escassez de dados relativos a este f{opico

(Almeida et al 1996), bem como em relagdo aos animais normais.
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ABSTRACT

Undernutrition during critical periods of development may cause changes in the
behavioral responses of rats to centrally acting drugs. In the present study, the
effects of undernutrition during suckling on the behavioral responses of 21-
days-old rats {o chiorpromazine (0, 2.5, 5, 10 and 20 mg/ikg), haloperidoi (G,
0.125, 0.25, 0.5, 1 or 2 mglkg) and SCH23390 (0, 0.3, 0.6 and 1.2mg/kg) were
examined. Locomotion was assessed at 1 h 30 min, 4 h 30 min, 7 h 30 min and
10 h 30 min, and catalepsy was scored at 3 h, 6 h and 9 h after chiorpromazine
or haloperidol administration. SCH23380 effects on locomotion and catalepsy
were assessed at 25 min, 1 h 10 min, 1 h 55 min and 2 h 40 min after drug
administration. Drugs were injected on two consecutive days. On day 1, saline-
treated undernourished rats showed significant greater locomotion activity than
did normal rats, The neurcleptic-induced inhibition of locomotor activity in
undernourished rats was significantly less than that observed in normal rats
from 4 h 30 min to 10 h 30 min {chlorpromazine) or from 7 h 30 min to 10 h 30
min (haloperidol). SCH23390 induced a similar inhibition of locomotor activity
in both normal and undernourished animals. On day 2, a similar trend was
observed but only in rats injected with 5 mg/kg chlorpromazine or 0.5, 1, and 2
mg/kg haloperidol. On day 1, the catalepsy scores at 3 h revealed no
significant difference between nutritional groups, but at 6 h undernourished rats
responded significantly less to chiorpromazine and haloperidol. SCH23330-
induced catalepsy was reversed differently in undernourished animals
compared to normal animals with resulting lower catalepsy scores at the 1 h 55
min and 2 h 40 min assessments for the undermnourished animals on day 1. On
day 2, undemourished rats were less responsive to neurcleptics than normal
rats, but the effect was not so evident as observed on day 1. The present
results suggest that the behavioral effects of chiorpromazine, haloperidol and
SCH23390 are less persistent in undernourished rats, possibly due to
differences in drug distribution and elimination, when compared to well-

nourished rats.
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