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BAPTISTA, T , M PARADA AND L HERNANDEZ Long term admmtstratton of  some anttpsychottc drugs mcreases 
body wetght and feeding in rats Are D2 dopamme receptors tnvolved~ PHARMACOL BIOCHEM BEHAV 27(3) 399-405, 
1987 --Long term admlmstratlon of the antlpsychoUc drugs tluondazlne, tnfluoperazme, hatopendol, and sulpmde m- 
creased body weight m rats Th~s effect was found to be sex dependent, that is, while female rats were prone to gain weight, 
male rats did not Chlorpromazme and fluphenazme decreased body weight m male rats but did not affect females The 
mechamsm of body wetght gain was mvesttgated w~th sulpmde A hnear relatmnshlp between dose of sulpmde and body 
weight gain was found Also, sulpmde increased caloric retake, and both actions were counteracted by bromocnptme, a 
spectfic D2 receptor agomst These results confirm that antlpsychotlc drugs affect feeding and body weight and suggest that 
hyperphagla and body weight gain might be medmted by blockade of dopamlne receptors of the D2 type 

Antlpsychotlc drugs Bromocnptme Body weight Feeding Dopamlne D2 receptors 

ANTIPSYCHOTIC drugs exhibit marked actions on body 
weight and feeding behavior m humans For example, one of 
the comphcatmns of chlorpromazme treatment m hospl- 
tahzed patients Is body weight gain [6] As chlorpromazlne 
increases hunger rating, it has been suggested that mcreased 
caloric mtake nught be a causative factor m body weight gmn 
[ 16] Tluothlxene, fluphenazme, haloperldol, and 
thmndazme have been associated with weight gam [9], and 
mohndone with body weight loss dunng treatment [12], 
fluphenazine with no change m body weight, and 
thmndazlne with weight gain [5] 

Food retake alteratmns by neuroleptlcs have been seen m 
rats as well Intraventncular  or mtrapentoneal mjectmns of 
chlorpromazme had a dual effect on feeding m rats At low 
doses chlorpromazme increased feeding while at high doses 
it did not affect feeding Intrapentoneal rejections of tn- 
fluoperazme and plmoz~de also increased feeding at low 
doses but at higher doses significantly decreased feeding 
Besides these behavmral effects, a good correlation has been 
found between the peak dose of six neuroleptlcs that m- 
creased feeding and the mlubmon of 3H halopendol binding 
On these grounds it has been suggested that neuroleptlcs 

increase feeding through dopamlne receptor blockade in the 
brain [ 17] 

However, whde most of the experimental studies have 
focused on short term effects of neuroleptlcs on feeding be- 
havior, most of the human studies have focused on long term 
effects on body weight Actually there are few reports on 
long term effects of neuroleptlcs on body weight m rats, and 
surprlsmgly, these experiments yield opposite results to 
human studies For example daffy injections of chlor- 
promazme decrease feedmg and body weight m male rats 
[4,25], an effect which is contrary to what has been ob- 
served m human beings These findings pose the question as 
to whether or not long term administration of other 
neurolepttcs also decreases body weight m rats For these 
reasons we studied m the present article the long term effect 
of six neuroleptlcs on body weight m rats As It Is a well 
known fact that female rats are more prone than male rats to 
develop obesity, we used both male and female rats We 
found a sex difference in body weight change induced by 
neuroleptlcs Then we focused our study on one of the 
neuroleptlcs that increased body weight We selected sul- 
plnde as the prototype of neuroleptlcs that increase body 
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TABLE 1 

BODY WEIGHT CHANGES INDUCED BY SOME NEUROLEPTICS IN 
FEMALE AND MALE RATS 

Percentual 
Change 
Respect 

Neuroleptlcs Sex Dose To Sahne Change 

Fluphenazme M 1 32 mg/dose -31% - -  
2 65 mg/dose -112% • 
3 90 mg/dose - 112% V 

F 1 32 mg/dose -62% 
2 65 mg/dose -3% 
3 90 mg/dose - 4  5% 

Chlorpromazme M 1 00 mg/kg -29 5% - -  
2 50 mg/kg -48 2% • 
5 DO mg/kg -19 1% - -  

F 1 DO mg/kg -41 2% - -  
2 50 mg/kg -70% - -  
5 DO mg/kg -61% V 

Tmndazme M 10 0 mg/kg + 1 6% - -  
20 0 mg/kg -2  4% - -  

F 10 0 mg/kg + 122% - -  
20 0 mg/kg +145% A 

Tnluoperazme M 1 00 mg/kg - 12% - -  
2 00 mg/kg -37% - -  

F 1 DO mg/kg +391% • 
2 DO mg/kg +1 125% • 

Sulplnde M 10 0 mg/kg -20% - -  
20 0 mg/kg -19% - -  

F 10 0 mg/kg +168% • 
20 0 mg/kg +107% • 

Halopendoi M 0 50 mg/kg -26% - -  
5 00 mg/kg -88% • 

F 0 50 mg/kg +38% A 
5 DO mg/kg +173% • 

- - N S , & p < 0 0 1 ,  A p < 0 0 5 , • p < 0 0 1 ,  Vp<005 

weight m rats The reasons are that sulpxrlde is a specific 
blocker of dopamme receptors of the D2 type [15], and that 
D2 receptors can be ldentLfied m the hypothalamus [28], 
which is a critical area for feeding regulation We reasoned 
that ff sulpmde increased feeding and body weight, then D2 
receptors might be mvolved m feeding and body welght regu- 
lation We report here that chromc sulplrlde produces body 
weight gain and hyperphagm, and bromocrlptme (a specific 
D2 agomst) [15] antagomzes these effect Our findings 
strongly suggest that D2 receptors might play an important 
role in the weight gain and hyperphagm mduced by sulplnde 

EXPERIMENT 1 BODY WEIGHT GAIN INDUCED BY 
NEUROLEPTICS IS SEX DEPENDENT 

In this experiment we screened the effects of long term 
administration of several neuroleptlcs on body weight of 
male and female rats 

M e t h o d  

Two hundred and e~ghty rats of the Wxstar stram were 
m&wdually housed and received Protmal chow pellets and 
water ad hb Light-dark cycles were 12-12 The rats were 
&wded into 28 groups Each group was formed by 10 weight 
matched rats Then each group was &vlded into two sub- 
groups of five rats each One of them received saline and the 
other one received a neurolept~c 

Several doses of each drug were tested m both sexes 
Fluphenazlne decanoate 1 32, 2 65, and 5 mg/dose, chlor- 
promazme 1, 2 5, and 5 mg/kg, thlondazme 10 and 20 
mg/kg, trlfluoperazme 1 and 2 mg/kg, halopendol 0 5 and 5 
mg/kg, and sulplrlde 10 and 20 mg/kg Chlorpromazme, hal- 
opendol, trffluoperazme, and sulplnde were given lntrapen- 
toneally, fluphenazme was given subcutaneously, and 
thlorldazme was administered orally All drugs but 
fluphenazlne were administered daffy for 21 days 
Fluphenazine was admlmstered m two doses The second 
one was given 21 days after the first one 

Body weight was controlled dally Two-way ANOVA fol- 
lowed by Duncan t-test and X 2 test were made on body 
weight gain at the end of the drug admmxstraUon For 
fluphenazme, the statlshcal tests were made on body weight 
gain 21 days after the second dose 

Resu l t s  

The results are summarized m Table 1 The effect of long 
term administration of neurolept~cs on body weight was not 
homogeneous Out of the 28 groups, only m 12 the results 
were statistically s~gmficant Seven groups gamed more 
weight than their controls, and 5 gamed less Interestmgly 
the groups that significantly gamed more weight were all 
formed by females This sexual &fference was statistically 
significant, X2(2)=9 8, p < 0  01 The neuroleptlcs that in- 
creased body weight were thlondazme 20 mg/kg, tri- 
fluoperazine 1 and 2 mg/kg, sulplnde 10 and 20 mg/kg, and 
haloperldol 0 5 and 5 mg/kg The neurolephcs that slgntfi- 
cantly decreased body weight were fluphenazme 2 65 and 
3 9 mg/dose, chlorpromazine 2 5 mg/kg, and haloperidol 5 
mg/kg In males and chlorpromazme 5 mg/kg m females 

Discuss ion  

Chronic treatment with neuroleptlcs does affect body 
weight m rats The direction of body weight gain was sex 
dependent The trend was for female rats to gain body weight 
while for male rats to lose weight 

This is not an uncommon observation in obesity research 
Cox et  al [8] found that female rats with ventrome&al hypo- 
thalamlc (VMH) lesions displayed greater hyperphagla and 
body weight gam than males did A clear explanation of this 
sex difference has not emerged yet It has been suggested 
that high prolactm levels after VMH lesions might enhance 
feeding in females but not in males [24] Despite initial con- 
troverslal results [10,20] ~t has recently been shown that high 
prolactln plasma levels induce behavioral and metabolic 
changes that enhance fat deposition and lead to body weight 
gain [23] Neuroleptlcs increase prolactm secretion [3], 
therefore, hyperprolactmemla might be the cause of body 
weight gain and of sex difference Nevertheless female rats 
which received fluphenazme and chlorpromazme &d not m- 
crease or rather decreased body weight, although it IS well 
known that these neuroleptlcs increase prolactln level 
Therefore, either some side effects of chlorpromazme and 
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FIG 1 Dose response curve showing a hnear relationship between 
sulp~nde dose and body weight gain Y = 9 53 + 1 87X r=0 89, 
t(4)=4 06, p<0 02 

fluphenazme prevented body weight gain secondary to 
hyperprolactmemla,  or the dose of  these drugs was not the 
optimal In any event the prolactm role m neuroleptms m- 
duced weight gain indeed deserves further research 

The neurolept~cs that reduced weight gain are heteroge- 
neous with respect  to their extrapyramldal side-effects 
[7,27] Some are typical neuroleptlcs (trlfluoperazme and 
halopendol),  one is an mtermedmte neurolept~c 
(t inondazme),  and one is atypical (sulplnde) 

It has been suggested that ant~chohnerg~c potency m~ght 
be correlated with the weight gaming effect of  neuroleptlcs 
[26] However ,  trlfluoperazme and haloperldol, two 
neuroleptlcs with small antlchohnerglc effect, increased 
body weight Tinorldazlne, a powerful antlchohnerglc drug, 
increased body weight m only one group, while chlor- 
promazme, another neurolept~c w~th strong antlchohnerg~c 
action, decreased body weight Therefore there was no cor- 
relation between antlchohnerg~c potency and body weight 
gain 

As for the five groups that lost weight, four of  them were 
male rats Our results confirmed previous findings that 
chlorpromazme decreases body weight m male rats [4,25] In 
addmon, fluphenazlne and high doses of  halopendol  de- 
creased body weight m male rats too Chlorpromazme was 
the only neuroleptlc that decreased body weight m female 
rats However ,  as we stud before, the dose of  neuroleptlcs 
administered to the rats that e~ther &d not change or de- 
crease body weight might have not been the opUmal dose to 
produce such body weight gain In fact ~t has been observed 
that a dose too Ingh or too low tends to be meffectwe or to 
decrease food retake More extenswe dose response studies 
are reqmred to explore th~s poss~b~hty 

Our next step was to study one of  the neurolepUcs which 
increased body weight m order to obtmn some ms~ght into 
the mechamsm of  weight gmn Smce neurolepUcs act by 
blocking dopamme receptors and two different types of  these 

have been described (D1 and D2 types), we selected sul- 
plnde winch IS a spectfic blocker of D2 receptors [15] Tins 
drug accumulates mainly m the pituitary gland and also In the 
hypothalamus [22] D2 receptors can be ldentLfied m the pl- 
tmtary gland and m the hypothalamus, although the exact 
location of  the D2 receptors m the last area is not clear [28] 
The hypothalamus is a crmcal area m feedmg regulation [19], 
so we focused on sulpmde in order to assess its effects on 
body weight and feeding 

EXPERIMENT 2 BODY W E I G H T  GAIN IS PROPORTIONAL TO T H E  
DOSE OF SULPIRIDE 

Method 

Female albmo rats of  the Wlstar  strain welginng between 
190--250 g were individually housed with food and water ad 
lib We used female rats because the first expertment showed 
that they were more hkely to gain weight than male rats 
Body weight was measured dally dunng the whole experi- 
ment After 30 days of  control, 80 rats divided in groups of  10 
anunals received dady mtraperltoneal rejections of  sahne or 
suiplnde at the doses of 0 62, 1 25, 2 5, 5, 10, 20, and 40 
mg/kg during 21 days Then the rejections were suspended 
and the rats were controlled for 21 more days 

Smce it had been observed that at day 14 the body weight 
of  the rats recelwng sulpmde reached a plateau, the average 
body weight between days 14 and 21 was taken as the body 
weight under sulplnde For  each rat we calculated the body 
weight enhancement by subtracting tins body weight under 
sulpmde treatment to the mean body weight that the rat had 
before treatment In tins way we obtained a figure of body 
weight change for each rat Then we calculated the mean 
body weight change for each dose of sulplrlde, and we 
analyzed these figures by means of a regression analys~s 

Results 

Again sulplnde increased body weight significantly (Fig 
1) The maxunal effect was obtained with 10 mg/kg With a 
dose of 0 62 mg/kg body weight gain was greater than sahne 
The regression analysis showed that body weight gam was 
proportional to the dose of  sulpmde m the dose range from 0 
to 10 mg/kg, r=0  89, t(4)=4 0 6 , p < 0  02 The doses of 20 and 
40 mg/kg &d not have an effect greater than 10 mg/kg 

Dtscusston 

Tins experiment confirmed the results of  the first expert- 
ment as far as sulplrlde is concerned, 1 e ,  sulplnde rejections 
increase body weight in female rats Also It was shown that a 
hnear relatlonsinp does exist between the dose of  sulplrlde 
and body weight gain Nevertheless,  the cause of  tins body 
weight gain ~s not known In the next experiment we meas- 
ured food retake and body weight m order to see if sulplnde 
increases the caloric retake 

EXPERIMENT 3 DAILY INJECTIONS O F  SULPIRIDE INCREASE 
FEEDING AND BODY W E I G H T  

In tins expenment  we measured food retake and body 
weight m order to f'md out whether or not body weight 
enhancement by sulpn'lde was accompanied by food mtake 
&sturbance We found that sulpmde reduces both body 
weight gain and hyperphagla 

Method 

Female albino rats of  the Wlstar stram welginng between 
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FIG 2 Body weight and food retake before, dunng, and after daffy lntraperltoneal 
reJections of sulplnde (20 mg/kg) Open c]rcles sulpmde reJected rats Black ctrcles 
sahne mjected rats The black bar indicates the lapse of sulplnde or sahne reJections 

200 and 270 g were individually housed and fed with high fat 
diet (66% powdered rat food and 33% corn od) The rats had 
water and food ad hb and a 12-12 light-dark cycle Food was 
placed m spdlage food feeders [11] Food retake and body 
weight were measured dally After two weeks of control the 
rats were divided into two groups of 15 rats each One of 
them received dally lntrapentoneal reJections of sulpmde, 
20 mg/kg during 21 days The other group received saline At 
day 21 the mjectxons were suspended and food mtake and 
body weight were measured dally for 27 more days 

StatlsUcal comparisons were made by two way ANOVA 
and regression analysis 

Results 

Intrapentoneal rejections of sulplnde increased slgmfi- 
cantly food mtake and body weight (see Fig 2) Prelnjectlon 
levels of food retake and body weight did not differ signifi- 
cantly when both groups were compared statistically [body 
weight F(1,28)=0 035, NS, food retake F(1,28)=2 73, NS] 
The first 10 days after the beginning of mjectlons, body 

weight gain slope increased significantly in the sulpmde 
group as compared with sahne controls [sulpmde 2 88 
g/day, sahne 0 74 g/day, t(16)=20 4, p<0  0001], and food 
retake increased significantly, F(1,28)=6 66, p<0  025 After 
the 14th day (still on sulpmde treatment), body wetght gam 
slope decreased but food retake remained slgmficantly 
higher m the sulpmde group [body weight F(1,28)=15 07, 
p<0001,  body weight gain slope sulpmde=l 29 g/day, 
sahne=053 g/day, t(16)=645, p<00001, food intake 
F(1,28)=6 62, p <0 025 When the reJections were suspended 
body weight started to decrease [body weight slope sul- 
p tnde=-0  6139 g/day, sahne 0 4 g/day, t(24)=14 9, 
p<0001] and food was below the sahne control, 
F(1,28)=5 48, p<0  025 

Otscusston 

Ttus experiment shows that sulpmde enhances caloric in- 
take m rats and that increased feedmg is a factor contributing 
to weight gain 

As a matter of fact body weight gain and hyperphagla 
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FIG 4 Body weight and food intake of rats receiving reJections of 
either saline or bromocnptme (0 6, 1 2, or 2 5 mg/kg) Open bars 
indicate body weight and food intake before treatment Hatched 
bars indicate body weight and food retake during treatment 

were closely related When the rats were overeating they 
gained weight faster than controls When sulpmde injections 
stopped, the rats lost weight and also ate sigmficantly less 
than controls 

The mechanism underlying sulplrlde hyperphagm is not 
known but there are reasons to believe that dopamme recep- 
tor blockade might underlay sulpmde hyperphagm As we 
mentioned earher, the potency of  the neuroleplacs to m- 
crease feeding is well correlated with their potency to mlubit 
3H haloperldol bmdlng [17] Also,  when sulpinde reJec- 
tions stopped the ammals underate This might be a rebound 
phenomenon that could be due to hypersensit ivity induced 
by long term blockade of  dopamme receptors.  

By using the set point concept m a descriptive way, we 
could also say that sulpmde shifts the body weight set point 
of  the rats since injection interruption was followed by a 
lowering of  body weight level However ,  the fact that body 
weight remained above the control level also suggests that 
the set point might have shifted permanently to a lugher level 
than the premjection one 

The next expenment  was intended to find pharmacologi- 
cal evidence that the body weight gain and hyperphagia by 
sulpmde might be due to D2 receptor  blockade It is known 
that bromocnptme is a D2 agomst [15] Therefore we tried to 
counteract  with bromocnptme the feeding and body weight 
effects of  sulpinde 

EXPERIMENT 4 BROMOCRIPTINE PREVENTS SULPIRIDE 
H Y P E R P H A G I A  AND BODY W E I G H T  GAIN 

Since sulpinde is a specific D2 blocker we injected 
bromocnptme m rats m order  to see ff this drug counteracted 
the effects of  sulplrlde on feeding and body weight 

Method 

Female albino rats of  the Wistar  strata, weighing between 
200 and 270 g, were mdwtdually housed and fed as m exper- 
unent 3 Food retake and body weight were controlled for 21 
days and then the rats were divided m 8 groups of 10 rats 
each One of  the groups received daily saline injections 
Another group received dmly lntrapentoneal  injections of  
sulpLrlde (20 mg/kg), 3 groups received dady subcutaneous 
injections of  bromocnptane at the doses of  0 6, 1 2, and 2 5 
mg/kg The remaining three groups received simultaneously 
20 mg/kg of sulpmde plus one of  the three doses of  bromo- 
cnptme The drugs were admtmstered for 21 days The data 
were analyzed with two way ANOVA and Duncan t-test The 
analysis was made for each group comparing the mean body 
weight during the seven days prior to treatment agmnst the 
mean body weight during the 14th-21st days of  treatment 
For  food retake the analysis was made companng the mean 
food intake during the seven days prior to treatment against 
the mean food retake dunng the 7th-14th days of treatment 
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Results 

Sulplnde again increased sagmficantly body weaght, 
F(7,42)=289, p < 0  001, and food intake as compared wath 
saline [F(7,42)=11 38, p<0001,  least sagmficant difference 
0 96, difference between sulplnde and saline= 1 25 ,p<0  01] 
The dose of 2 5 mg/kg of bromocnptme totally prevented the 
body weaght gain reduced by sulplnde (Fig 3) Also 
bromocrlptlne had an actmn on ats own (Fag 4)--qt decreased 
significantly feeding and body weaght 

Ot~cusMon 

Bromocnptme, a D2 specific agonist, prevented the body 
weight gain and hyperphagia caused by mtrapentoneal ln- 
jectaons of sulplnde Thas experiment suggests that sulplride 
might be causing body weight gain and hyperphagia by 
dopamlne receptor blockade and that the D2 receptors might 
play an amportant role an feeding and body weaght regulation 
However bromocrtptme atself decreases body wexght and 
feeding Therefore it is not discarded that bromocrlptme 
blocked unspeclfically body weight gain and hyperphagla by 
sulpinde 

In addatlon, although the involvement of D2 receptors in 
feeding and body weaght seems to be very much straight 
forward, the partaclpataon of D1 receptors has not been yet 
ruled out Specafic D1 agomsts and antagonists need to be 
tested on the same experimental paradagm as sulplnde and 
bromocnptine were an the present paper 

GENERAL DISCUSSION 

Long term admmastrataon of antapsychotac drugs affected 
body weaght of normal rats Chlorpromazme and 
fluphenazme decreased body weaght It has been reported 
that fluphenazme does not change body weight in humans 
We observed the same phenomenon in rats except for the 
higher doses of fluphenazlne in male rats that decrease body 
weaght Chlorpromazlne increases body weight in humans, 
but m rats decreases body weight Since it has been shown 
that a single injection of chlorpromazme mcreases feeding at 

has been proposed that the repeated mjecaons of chlor- 
promazane produce a metabohte that decreases feeding and 
body weaght in rats [25] Another explanaUon stems out of 
the fact that while humans receiving chlorpromazme are m 
general exposed to highly appeUzmg daets (the so called 
cafeteria daets), rats m laboratory standard condRaons are 
not Thas difference mdaets maght favor body weaght g a m m  
humans but oppose body weaght gain m rats Fmally, as we 
discussed before, at as also possible that we did not use the 
optimal dose to induce hyperphagm and body weaght gain 

Thlondazlne at high doses mcreased body weaght in 
female rats Also in humans at has been reported that 
thlondazme increases body wexght [5] Tnfluoperazme, hal- 
operldol, and sulpmde increased body weaght m female rats 
The gaming effect of tnfluoperazlne and haloperldol on body 
weight in rats as contrary to what has been observed in hu- 
man beangs [13] In humans it has been reported that sul- 
prude increases body weight but only m 3% of a sample of 
2851 patients [1] It means that sulptrade is more potent m 
rats than m humans to increase body weaght This difference 
maght be due to species differences in the metabohsm of the 
drug Whale sulparlde produces 5 metabohtes in the rat [2], 
some of whach maght be baologlcally active, it does not 
produce metabohtes in humans [14] 

Body weight gain by sulplnde maght have been caused by 
increased caloric antake There was a clear correspondence 
between feeding enhancement and body weight gain in sul- 
plrlde anjected rats And sulpmde might be blocking D2 
dopamme receptors Involved In feeding regulation since 
bromocnptane prevented body weight gain and hyperphagla 
caused by sulplrlde 

A dopamlnerglc satiety system has been postulated [21] 
Intrahypothalamac anjectaons of dopamme or ats agomsts ln- 
habat feeding, and dopamane blockers prevent this effect [ 18] 
Our experiments support the conclusaon that a dopamanergac 
satiety system might play an important role an the control of 
feeding behavior because repeated rejections of sulparade can 
override the normal satiety mechanisms and set the body 
weight of a rat at a higher than normal level 
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