
Pharmacology Btocherntstr3_, &Behavtor, Vol 10, pp 951-955 Pnnted m the U.S A 

Hyperphagia Following Intraventricular 
p-chlorophenylalanine-, Leucine- or 

Tryptophan-Methyl Esters: Lack of Correlation 
with Whole Brain Serotonin Levels 

R. G. M A C K E N Z I E * ,  B. G. H O E B E L ,  R. P. D U C R E T  AND M. E. T R U L S O N  

Program in Neuroscience, Department of Psychology, Princeton University, Princeton NJ 08540 
*Veterans Administration Hospital, 3495 Bailey Avenue, Buffalo NY 14215 

(Received 16 March 1979) 

MACKENZIE, R G., B. G. HOEBEL, 1~. P. DUCRET AND M. E. TRULSON Hyperphaglafollowmg mtraventrwular 
p-ehlorophenylalamne-, leucme- or tryptophan-rnethyl esters: Lack o f  correlation with whole bram serotomn levels. 
PHARMAC. BIOCHEM. BEHAV. 10(6) 951-955, 1979----The methyl ester hydrochlondes of DL-p-cblorophenylalanme 
(PCPA), L-leucme and L-tryptophan were mtraventricularly administered to rats. All compounds produced increased food 
retake compared to saline administration. PCPA and leucine administration significantly decreased serotonin levels by 
15--18%, while no serotonm depletion occurred following tryptophan injections. The data suggest that intraventricular 
mjectmns of large quantities of neutral amino acfd methyl esters may cause hyperphagia in rats through non-serotonergic 
effects on brain functmn. 

p-Chlorophenylalanme Leucme Tryptophan Serotonm Hyperphagm 

RESULTS from numerous experiments suggest that feeding 
in rats might be reciprocally related to activity at 
serotonin-mediated synapses in the central nervous system. 
Hyperphagia in rats has been reported following large de- 
pletions of brain serotonin (5-hydroxytryptamine, 5HT) 
by intraventricular administration of the 5HT synthesis 
inhibitor p-chlorophenylalanine (p-CPA) [3,11] or the 
5HT neurotoxin 5,7-dihydroxytryptamine (5,7-DHT) [18]. 
Conversely, adminstration of the 5HT precursor, 5-hy- 
droxytryptophan, is followed by anorexia [2] which is 
potentiated by the 5HT uptake inhibitor fluoxetine [9]. 
5-Hydroxytryptophan also can reverse the p-CPA- induced 
hyperphagia [11]. The anorectic effect of fenfluramine has 
been attributed to its serotonin-releasing capacity because 
(a) the anorectic potency of fenfluramine is reduced when 
administered to rats pre-treated with the uptake inhibitor 
chlorimipramine [14] and (b) electrolytic lesions of the me- 
dian raphe nucleus or intraventricular injections of the 
neurotoxin, 5,6-dihydroxytryptamine, which deplete fore- 
brain 5HT, are reported to greatly attenuate fenfluramine- 
induced anorexia [5,20]. In addition, when serotonin recep- 
tors are directly stimulated by quipazine, anorexia ensues 
which is unaffected by lesions of the median raphe [19]. 

In short, there exists an impressive body of evidence 
suggestive of an important role for brain 5HT pathways in 
food intake regulation. Recently, however, the results, or the 
interpretation of the results of some of these experiments, have 
been questioned. For example, several experimenters have 
noted that depletion of forebrain 5HT by intracerebral ad- 

ministration of 5,7-DHT is not followed by hyperphagia [6, 
11, 17, 21]. Also, the specificity of the 5HT system as the 
target of action of 5-hydroxytryptophan-induced anorexia 
has been questioned because tryptophan loading, which pro- 
duces large increments in brain 5HT only in serotonergic 
neurons, does not produce anorexia [23]. Furthermore, at- 
tempts to replicate the median rapbe lesion-induced attenua- 
tion of fenfluramine anorexia have failed despite large 
lesion-induced depletions of forebrain 5HT [4,22], and de- 
pletions of brain 5HT by intracerebral administration of 
5,6-DHT [22] or 5,7-DHT [11,12] are now reported to either 
not affect or potentiate the anorectic efficacy of fen- 
fluramine. 

The present experiments are designed to test if p- 
CPA-induced hyperphagia, in fact, is mediated via altera- 
tions of brain 5HT. To test this, the effect of intra- 
ventricularly administered p-CPA on food intake was 
compared to the effects of saline administration and other 
neutral amino acids which might not be expected to reduce 
brain 5HT concentrations. 

METHOD 

Sherman female rats (Camm Research, Inc., Wayne NJ) 
weighing 275-300 g were individually caged in a room with a 
9 a.m.-9 p.m. light-dark schedule. The rats ate powdered rat 
chow (Ralston Purina Co., St. Louis MO) from specialized 
feeders designed to prevent spillage. Following a one-week 
period of acclimatization to this environment, 24 hr food 
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T A B L E  1 

EFFECTS OF AMINO ACID METHYL ESTER HCI ADMINISTRATION ON 24 HOUR FOOD IN'lAKE 
MEAN 24 HOUR FOOD INTAKE _+ SEM (g) ON FIVE DAYS PRIOR THROUGH 3 DAYS POST TREAT- 

MENT 

Drug n -5 -4 -3 -2 - 1 

Expenment 1" 
Saline 7 20.0 ± 1.2 22 4 ± 0.6 21 5 ± 0.7 20 5 _*_ 0.4 20 2 ± 0 4 
p-CPA-ME 7 20.1 ± 0.4 21.2 ± 0.9 20.8 ± 0.3 20 6 ± 0.4 19 8 ± 0.4 
Leucme-ME 7 19.2 ± 0.6 20.7 ± 0.6 2(I.7 ± 0.4 21 0 ± 0 7 20 0 = 0 8 

Experiment 2* 
Sahne 8 22 4 ± 1.1 22 4 ± 0 4 20 1 _+ 0.7 20.9 ± 0 3 21.2 ± 0.6 
p-CPA-ME 8 22 0 ± 0 5 21.3 ± 0 5 22.0 ± 0.4 22 1 ± 0 6 21.8 ~ 0.6 
Tryptophan-ME 8 21.4 ± 0.5 21.6 ± 0.5 22.1 ± 0.6 21 5 ± 0.5 21.7 ± 0.7 

n=number of rats. 
*p-CPA differs from sahne, p<  0.05. 
tp-CPA differs from sahne, p<  0 05 and tryptophan differs from sahne, p<  0.01 
ME=methyl ester 

intake was measured for 5 consecut ive  days to verify that 
daily food intake was stable. On the sixth day,  the rats were  
lightly anesthet ized with sodium pentobarbi tal  (35 mg/kg, 
IP), p laced in a s tereotaxic  instrument  and injected 
intraventr icularly with vehicle  or  one of  the test substances.  
Ether-soaked cot ton was placed beneath  the nose of  the rat 
as needed  during the injection period. Immedia te ly  fol lowing 
surgery, the rats were  returned to the home cages and food 
intake measures  were  cont inued for 3 more days.  On the 
third post- inject ion day,  the rats were  killed by decapitat ion 
and the brains were  rapidly r emoved ,  dissected into right and 
left halves minus the cerebel lum and immediate ly  immersed  
in liquid N2. The  rats were  killed on the third post- inject ion 
day because  this is the t ime at which p-CPA injected rats 
exhibi ted maximal  hyperphagia  in previous  studies [3,11], 
and brain 5HT levels are still maximally depleted following 
p-CPA administrat ion [3,15]. The  right half-brains were  as- 
sayed for 5HT,  dopamine and norepinephrine using the 
f luorometr ic  method  deve loped  by Jacobowi tz  and 
Richardson [13]. Recover ies  for all monoamine  assays re- 
ported in this paper  were:  5HT=97 .4  ± 2.3%, D A =  
95.0 --- 3.4% and NE=96.1 ± 2.8%. The left half-brains were as- 
sayed for tryptophan using modification by Bloxam and 
Warren [1] of  the method  of  Denckla  and Dewey  [8]. The  cat- 
echolamines  were  measured in addition to serotonin in 
order  to moni tor  the specificity of  the drug t reatments  on 
neurot ransmit ter  levels.  Tryptophan  was measured  to indi- 
cate  whether  the intraventr icular  administrat ion of  such a 
large dose of  neutral  amino acids would interfere with the 
t ransport  of  endogenous amino acids f rom the blood to the 
brain. The  entire procedure  descr ibed above  was per formed 
for each  of  the two exper iments  in the present  report .  

lntraventricular Injections 

With the rat posi t ioned in the s tereotaxic instrument,  
small burr  holes were  made in the skull. The  injectates were  

back-loaded into 10 /~1 Hamil ton syringes (Hamil ton Co. ,  
Reno  NV) mounted  m a syringe pump (Sage, White Plains 
NY) and connec ted  by PE tubing to cannulae made of  29 ga 
stainless steel tubing. The tips o f  the cannulae were  
stereotaxicaUy lowered mto the lateral ventr ic les  and 5/xl of  
injectate was del ivered into each ventr ic le  at a rate of  0.5 
~l /minute.  The cannulae were  left in the ventr ic les  for an 
additional 5 minutes to allow for diffusion of  the injectate 
into the ventr icular  space prior to withdrawal.  Del ivery of  
the injectate into the ventr icular  space by this method was 
verified in a separate group of  rats by observing staining 
throughout  the ventr icular  system when dye was injected. 
The injection procedure  was successful  in every  case.  

Test Compounds 

Separate  solutions of  DL-p-chlorophenyla lanme methyl  
ester  HCI (p-CPA), L- leucme methyl  ester  HCI,  and 
L- t ryptophan methyl  ester  HCI (all obta ined f rom Sigma 
Chemical  Co. ,  St. Louis MO) were made by dissolving the 
compounds  in 0.9% saline and adjusting the pH  to 7.0 by the 
addit ion o f  0.1 N NaOH,  such that the final concent ra t ions  
were  300 mg/ml. Each rat rece ived  3 mg of  one of  the com- 
pounds in 10 btl. or  10/zl of  0.9% saline. Solutions of  the test  
compounds  were prepared immediately prior to injection. In 
the first exper iment ,  rats rece ived  p-CPA,  leucine or  saline. 
In the second exper iment ,  rats rece ived  p-CPA,  t ryptophan 
or  saline. The  methyl  esters  of  the amino acids were  used 
because  of  their high solubility. 

Statistical Analysi~ 

Food  intake was analyzed by two-way analysts of  vari- 
ance be tween  t reatments  and across  days ( - 1  to 3) appro- 
priate for a two-factor  exper iment  with repeated measures  
on one factor.  Differences be tween  means  within a single 
factor were  tested by the Newman-Keu l s  procedure  [24]. 
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T A B L E  1 

(continued) 

Drug 0 1 2 3 
24 to 48 48 to 72 72 to 96 
hrs post- hrs post- hrs post- 
mjectmn m lection rejection 

Experiment 1" 
Saline 13.5 _+ 1.2 17.0 + 1 6 18.1 ± 1.1 20.9 + 1.1 
p-CPA-ME 17.6 _+ 2.2 22.3 _+ 2.9 25.6 -+ 2.4 28.5 ± 2.6 
Leuc/ne-ME 15.9 + 1.4 21.1 + l . l  24.0 _ 2.1 26.4 _+ 2.2 

Experiment 2~" 
Saline 12.2 _+ 0.7 19.0 + 0.8 21.2 _ 0.8 21.3 _+ 0.6 
p-CPA-ME 17.4 _+ 2.1 24.0 + 3.1 27.0 _+ 2.8 28.9 _+ 2.1 
Tryptophan-ME 16.0 + 1.4 23.4 -+ 1.6 29.7 _+ 2.0 29.9 _+ 1.6 

T A B L E  2 
EFFECTS OF AMINO ACID METHYL ESTER HCI ADMINISTRATION ON BRAIN 

~IONOAMINES AND TRYPTOPHAN 

Brain Concentration + SEM (/~g/g Wet Weight) 
Drug n 5-HT NE DA TRY 

Experiment 1 
Saline 7 0.49 _+ 0.01 0.28 + 0.01 0.51 _+ 0.03 3.69 _+ 0.16 
p-CPA-ME 7 0.40 + 0.01" 0.24 + 0.01:~ 0.44 + 0.03 3.49 _+ 0 12 
Leucine-ME 7 0.41 _+_ 0.01t 0.27 + 0.02 0.46 + 0.02 3.62 _+ 0 17 

Experiment 2 
Saline 8 0.48 _+ 0.01 0.23 _+ 0.01 0.39 -+ 0.02 3.95 +- 0.14 
p-CPA-ME 8 0.41 _+ 0.01§ 0.22 _+ 0.01 040  _+ 0.02 4.00 _+ 0.14 
Tryptophan-ME 8 0.45 _+ 0.02 0.21 _ 0.01 0.37 _+ 0.03 3.89 _+ 0.15 

n=number  of rats. 
*p-CPA differs from sahne, p <  0.01 
tLeucme differs from sahne, p <  0.05. 
~p-CPA differs from leucine and saline, p<0.05. 
§p-CPA iffers from tryptophan and saline, p<0.01. 
ME=methyl  ester 

The  n e u r o c h e m i c a l  da ta  were  ana lyzed  by  a one -way  
ana lys i s  of  va r i ance  and  d i f fe rences  b e t w e e n  individual  
means  were  t e s t ed  by  the  N e w m a n - K e u l s  m e t h o d  [24]. 

RESULTS 

Sta t i s t ica l  ana lys is  o f  the feeding  da ta  f rom E x p e r i m e n t  1 
(Table  1) ind ica tes  tha t  food in take  is a f fec ted  by  the  d rug  
t r e a t m e n t s  (F(2 ,18)=3 .6 ,  p < 0 . 0 5 ) .  T h e r e  also is a s ignif icant  
ef fec t  ac ross  days  (F(4 ,72)=32.3 ,  p < 0 . 0 1 ) ,  and  a s ignif icant  
t r e a t m e n t  x days  in te rac t ion  (F(8 ,72)=2 .4 ,  p < 0 . 0 5 ) .  A 
N e w m a n - K e u l s  tes t  for  d i f fe rences  b e t w e e n  m e a n s  wi th in  
the  t r e a t m e n t  f ac to r  ind ica tes  tha t  the  food  in take  in the  
p - C P A  t rea ted  rats  di f fered s ignif icant ly  f rom the  saline- 
t r ea ted  animals .  The re  a lso is a m a r k e d  t e n d e n c y  for  the  
l euc ine - t r ea ted  g roup  to ove rea t ,  a l t hough  this  d i f fe rence  
was  not  s ta t is t ical ly  s ignif icant .  

Resul t s  f rom the  neu rochemica l  a s says  for  E x p e r i m e n t  
1 (Table  2) indicate  the  p - C P A  t r e a t m e n t  r e d u c e d  bra in  5HT 
c o n c e n t r a t i o n s  re la t ive  to sa l ine  t r ea ted  ra ts  by  18.4% 
(p<0 .01)  and  no rep ineph r ine  concen t r a t i ons  by  14.3% 
(,o<0.05). The  a m o u n t  o f  5 H T  dep le t ion  c a u s e d  by  p - C P A  
me thy l  e s t e r  may  va ry  f rom one  drug  s h i p m e n t  to ano the r .  
We  original ly  ob ta ined  75% dep le t ion  [3,11], bu t  in this  s tudy  
o b t a i n e d  on ly  15-18% deple t ion .  Leuc ine  admin i s t r a t i on  also 
lowered  bra in  5HT c o n c e n t r a t i o n s  ( - 1 6 . 3 % ,  p < 0 . 0 5 ) .  5HT 
c o n c e n t r a t i o n s  did not  differ  b e t w e e n  the  p - C P A  and  
l euc ine- t rea ted  groups .  No  effects  by  any  t r e a t m e n t s  were  
no t ed  on  bra in  d o p a m i n e  o r  t r y p t o p h a n  concen t r a t i ons .  

Ana lys i s  o f  the  feeding da ta  f rom E x p e r i m e n t  2 (Tab le  1) 
again  ind ica tes  a drug t r e a t m e n t  effect  (F(2 ,21)=  
6.3, p < 0 . 0 1 ) ,  a day  effect  (F(4 ,84)=46.8 ,  p < 0 . 0 1 ) ,  and  a 
t r e a t m e n t × d a y  in te rac t ion  (F(8 ,84)=2 .6 ,  p < 0 . 0 5 ) .  Wi th in  
the  drug  t r e a t m e n t  f ac to r  bo th  the  t r y p t o p h a n - t r e a t e d  and  p- 
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CPA-treated animals ate more than the saline-treated group 
(p<0.01, p<0.05 respectively). 

The neurochemical measures from Experiment 2 (Table 
2) demonstrate that brain 5HT concentrations are lower in the 
p-CPA-treated animals relative to both the tryptophan and 
saline-treated groups (p<0.01), which do not differ statisti- 
cally from each other. No other treatment effects were found 
on the remaining measures. 

DISCUSSION 

The induction of hyperphagia in rats administered p-CPA 
methyl ester HCI by the intraventricular route has been in- 
terpreted as supportive evidence for a role of 5HT systems in 
food intake regulation [3,11]. Although the present study 
confirms that this manipulation can reliably produce hyper- 
phagia, the results question previous interpretations regard- 
ing 5HT mediation of the effect. 

In both Experiments 1 and 2, p-CPA treatment was fol- 
lowed by hyperphagia, but the concentration of 5HT in the 
brain was reduced by only 18 and 15%, respectively. This 
minimal 5HT depletion contrasts sharply with 75% reductions 
reported in former p-CPA studies [3,11], although the hyper- 
phagia observed in the present report appears to be com- 
parable to that obtained previously [3,11]. In this regard, 
there are numerous experimental reports in which brain 5HT 
concentrations have been reduced over 50% by electrolytic 
lesions or 5,7-DHT administration without producing hyper- 
phagia [4, 11, 16, 20, 21,22]. Indeed, in the one study where 
5,7-DHT treatment is linked to hyperphagia [181, the authors 
indicate that telencephalic 5HT must be reduced by at least 
60%, and preferably by 80%, to obtain the effect. Therefore, 
the hyperphagia induced by administration of p-CPA in the 
present study may have been due to some non-serotonergic 
effect on brain function which occurs when a large dose of a 
neutral amino acid methyl ester HCI ~s injected into the 
ventricles of rats. 

Th~s interpretation is supported by the present results 
where leucine injections produced as much 5HT depletion as 
p-CPA injections but less hyperphagia (Experiment 1), and 
where tryptophan injections produced as much hyperphagia 
as p-CPA injections but no 5HT depletion (Experiment 2). At 
present we do not know what the basis for the hyperphagia 
might be following intraventricular injections of a neutral 
amino actd methyl ester. Norepinephrine depletion can re- 
sult in hyperphagia [10], but the levels of this neurotransmit- 
ter were only slightly decreased in Experiment 1, and were 
unchanged in Experiment 2. Therefore, norepinephrine does 
not appear to be involved in this phenomenon. 

A recent study by Coscina et al. [7] reported that 
intraventricular administration of PCPA- or phenylalanine- 
methyl ester HC1 (2-4 mg) produced no significant changes 
in forebrain NE, 5HT or DA, but resulted in hyperphagia 
comparable to that observed in the present study. These 
results support the hypothesis that neutral amino acid methyl 
ester-induced hyperphagia is not mediated by 5HT or NE 
systems. In addition, Coscina et al. [7] demonstrated that the 
hyperphagm is not due to hyperosmotic stress produced by 
infusions of large quantities of the drug into the brain, nor to 
methanol-induced toxicity produced by in vivo hydrolysis of 
the neutral amino acid methyl ester. 

We conclude that large 5HT depletions, which would be 
detected by whole brain assay, are not necessary for neu- 
tral amino acid methyl ester-induced hyperphagia. There- 
fore, the effect is either produced by small 5HT depletions, 
which would not be detected by whole brain assay, or is not 
5HT-mediated. The fact that tryptophan loading (Experi- 
ment 2) would not be expected to decrease brain 5HT points 
to the latter interpretation. 
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