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CHANCE, W. T., M. VON MEYENFELDT AND J. E. FISCHER. Delay of cancer anorexiafiyllowing the intraventricu- 
lar ipl/ection para-Chlorophenylalanine. PHARMAC. BIOCHEM. BEHAV. 17(5) 1043-1048, 1982.--Serotonergic media- 
tion of cancer anorexia was investigated in immature female rats following the intraventricular injection of para- 
chlorophenylalanine (PCPA) or normal saline. Significant anorexia developed 6 days after the induction (IM) of Walker 256 
carcinosarcomas in saline-treated rats. Although tumor-bearing rats treated with PCPA ate less than PCPA-injected 
controls by day 7, their feeding response was significantly greater than that of saline-treated tumor-bearing rats on days 5, 6 
and 7. The PCPA treatment had no significant effect on food intake in nontumor-bearing rats. Biochemical analysis 
revealed significant elevations in plasma free tryptophan, brain tryptophan and brain 5-hydroxyindoleacetic acid in saline- 
treated tumor-bearing rats. Brain serotonin, 5-hydroxyindoleacetic acid and norepinephrine levels were decreased in 
PCPA-treated rats. Although these data may provide some support for a serotonergic mediation of cancer anorexia, 
additional mechanisms are clearly indicated. 
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ANOREXIA (inappropriately reduced food intake) and the 
ensuing depletion of host tissue (cachexia) are common fea- 
tures of cancer which often prohibit the aggressive use of 
therapy [32]. This decrease in food intake may begin when 
the tumor burden is small and progress to the point of death 
of the host [22,34]. It has been estimated that two thirds of 
the cancer fatalities are cachectic at death [24]. Although 
several variables such as physical obstruction of oral intake, 
malabsorption of nutrients, nausea and changes in taste 
thresholds undoubtedly influence caloric intake [9,11], the 
major abnormality in the anorectic cancer patient appears to 
be decreased desire for food in the presence of increased 
demand. Thus, the additional metabolic burden imposed on 
the host by a tumor is not met by increased appetite and 
intake. This paradoxical situation suggests that the anorexia 
induced by the presence of a tumor is central in origin. Hy- 
potheses of the CNS responding to spurious satiety signals 
elicited by tumors have often been suggested [ 17, 25, 30, 31]. 
These postulates, however, have usually been unfocused 
derivatives of the chaotic metabolic changes initiated by the 
tumor and delivered to the brain by some unspecified 
humoral mechanism. If the presence of a tumor induces 
anorexia by falsely signalling brain mechanisms that a state 
of satiety exists, experimental investigation of this phenom- 
enon should begin with those mechanisms thought to elicit 
satiety in normal nontumor-bearing organisms. Since the 
cancer anorexia-cachexia syndrome can be demonstrated in 
laboratory animals [20,22], the effect of a tumor burden on 
these putative satiety mechanisms may be investigated. 

Considerable evidence has accumulated to implicate CNS 
serotonergic (5-HT) neurons as inhibitory in the control of 
hunger. Thus, direct injection of 5-HT into the rat lateral 
ventricle elicits satiety [15], as does systemic administration 
of the 5-HT precursor, tryptophan (Trp) [16]. The anorectic 
drugs fenfluramine [12] and fluoxetine [13], indirectly in- 
crease functional 5-HT activity by increasing 5-HT release or 
blocking its synaptic reuptake, respectively. Furthermore, 
systemic injection of the 5-HT receptor stimulant drug, 
quipazine, decreases food intake in rats [29]. Antagonism of 
CNS 5-HT systems has been observed to produce the oppo- 
site effect and elicit eating. The 5-HT receptor blockers, 
methysergide and cyproheptadine, abolish the anorectic ef- 
fect of 5-HT agonists [7,12] as well as increase food intake in 
rats [2], cats [6] and humans [26]. Intraventricular (IVT) in- 
jection of the 5-HT synthesis inhibitor, parachlorophenyl- 
alanine (PCPA), has also been reported to elicit hyperphagia 
in rats [4]. 

Initial investigations from this laboratory have suggested 
that deranged 5-HT metabolism may be associated with 
cancer anorexia in rats [14]. Thus, rats bearing intramuscular 
Walker 256 (W 256) tumors exhibited decreased eating 6 
days after tumor induction, which increased in severity until 
the death of the rats (day 10). Biochemical analysis of the 
brains of tumor-bearing (TB) rats indicated increased levels 
of Trp and of the 5-HT metabolite, 5-hydroxyindoleacetic 
acid (5-HIAA). Th'~ absence of these changes in rats that 
were pair-fed the same amount of food as the TB rats 
suggests that this increase in 5-HT activity was not merely a 
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result of malnutrition. In order to more fully investigate the 
role of brain 5-HT in cancer anorexia, in the present experi- 
ments we employed acute IVT injections of  the inhibitor of 
Trp-hydroxylase,  PCPA. 

METHOD 

Subjects 

Fifty-nine immature (80--100 g) female Sprague-Dawley 
rats (Harlan Laboratories,  Madison, WI) served as subjects 
in these experiments.  These animals were individually- 
housed in a temperature and humidity controlled environ- 
ment under a 12 hr light-dark cycle. Food (Purina rat chow 
pellets) and water were continuously available. Daily rec- 
ords of food intake, water intake and body weight were 
obtained to the nearest 0.1 g during the morning hours. Pre- 
sented values of  food consumption are corrected for any 
spillage and body weight differences of  individual animals. 

Induction of  Tumors 

The W 256 tumor was originally obtained from E. G. & G. 
Mason Research Institute (Worcester,  MA). Tumor stock 
was maintained by harvesting ascites fluid that contained 
tumor cells 5 days after the IP injection of I x 106 viable (by 
trypan blue exclusion) tumor cells. Tumors were induced in 
experimental  animals by injecting (IM) 5 x 104 (Experiment 1, 
n = 15) to 1 × 105 (Experiment 2, n= 15) viable tumor cells into 
the thigh muscle, with the remaining rats (n=29) receiving 
control injections (0.1 ml) of normal saline. Our past re- 
search has indicated the onset of significant anorexia to be 6 
days after these doses of W 256 cells, with spontaneous 
death occurring by day 10. 

lntraventricular Injection of PCPA 

Since the systemic administration of PCPA would deplete 
peripheral stores of 5-HT and perhaps decrease eating by 
making the animals ill, we chose to acutely inject the drug 
into the lateral ventricles in a manner analogous to that re- 
ported by Breisch et al. [4]. To coincide the maximum effect 
of PCPA with the onset of anorexia, 2 mg of DL-PCPA 
methyl ester was bilaterally injected under ether anesthesia 2 
days after the IM injection of  W 256 cells or normal saline. 
The PCPA was purchased from Sigma Chemical company 
(St. Louis, MO). Additional groups of TB and control (NTB) 
rats were also injected (IVT) with an equal volume of  normal 
saline (8/zl, bilaterally) at this time. Each injection was de- 
livered over a 4 rain period through a 31 ga hypodermic 
needle connected to a 50/xl syringe (Hamilton Co., Rend, 
NV). The hypodermic needle was stereotaxically-positioned 
at the following coordinates taken from bregma: A. -0 .5 ,  L. 
+ 1.5 and V. - 3 . 0  mm below the top of the skull [27]. Follow- 
ing the surgeries, all rats were returned to their home cages, 
with food and water intake being measured in grams across 
the next 7 (Experiment 1) or 4 (Experiment 2) days. 

Biochemical Analyses 

The rats in Experiment 1 were sacrificed by decapitation 
9 days after the induction of tumors. In order to assess 
biochemical changes induced by PCPA at a time point more 
closely associated with the drug's  behavioral effect, all rats 
in Experiment 2 were sacrificed 6 days after the induction of 
tumors. Immediately following sacrifice, the brains were re- 
moved, dissected into left and right hemispheres and frozen 
in liquid nitrogen. Blood was collected in heparinized beak- 

ers and centrifuged, with the resulting plasma being frozen 
prior to assay. Plasma free (unbound) and total Trp were 
assayed fluorometrically as previously described [3], with 
free Trp being determined in 50/zl of an ultrafiltrate prepared 
by centrifugation (100 x g, 25 rain, 20°C) of 1 ml of plasma 
(pH=7.4) in a CF  50 Diaflo membrane cone (Amicon Corp.,  
Lexington, MA). In one brain half 5-HT and 5-HIAA were 
determined fluorometrically [10] following acid-butanol ex- 
traction (10 volumes), with 5-HT and 5-HIAA being com- 
plexed with o-phthalaldehyde (Sigma Chemical Co.) and 
read on an Aminco-Bowman fluorometer. Brain Trp was ex- 
tracted in the same fraction as 5-HT and assayed fluoromet- 
rically according to the procedures utilized for plasma Trp. 

In addition to measuring indole activity, norepinephrine 
(NE) and dopamine (DA) were assayed in Experiment 2 in 
the remaining brain halves using high performance liquid 
chromatography with electrochemical detection [19]. Brain 
halves were homogenized in 5 volumes of 0.4 M HCIO~ solu- 
tion, containing (per 100 ml) 50 mg EDTA, 100 mg Na2S20:, 
and 10/xg of alpha-methylNE (as an internal standard). After 
centrifugation (31,000 × g, 15 min, 4°C), shaking (10-15 rnin) 
with activated alumina (100 rag) and washing (3 times with 10 
ml H20), each sample was eluted from the alumina with 1.0 
ml of 0.1 N HC1 solution (containing 10 -~ M Na2S20~) and 
centrifuged (1,000 × g, 10 min). Supernatants (20/xl aliquots) 
were injected into the HPLC system (Beckman Model 110A 
pump, Altex reverse phase C-18 column, Palo Alto, CA; 
Bioanalytical Systems Inc., Model LC-4 electrochemical de- 
tector, W. LaFayet te ,  IN), with NE eluting 4.5 rain and DA 
9.0 min after the injection. 

Statistical Evaluation 

All data were evaluated employing analysis of variance 
(ANOVA) techniques, with post hoc comparisons of  indi- 
vidual means being made by t-tests. 

RESULTS 

Mean food intake in the first experiment is presented in 
Fig. 1. As may be observed, the onset of anorexia in TB rats 
following the IVT injection of PCPA was delayed. Statistical 
analysis employing a repeated measures ANOVA over days 
9 through 13, indicated significant drug, F(1,26)=11.53, 
p<0.01,  tumor, F(1,26)=24.78, p<0.01,  and trials, 
F(4,104)=52.26,p<0.01, effects. The significant (p <0.01) in- 
teraction effects (trial × drug, trial × tumor and trial x drug 
× tumor), however,  preclude a simple interpretation of  the 
data. Post hoc t-tests showed no difference between IVT 
saline (Sal) injected NTB and PCPA NTB groups on any 
days. The Sal TB group, however,  consumed significantly 
(p<0.01) less food than did the Sal NTB group on days 10, 
11, 12 and 13. Although the PCPA TB group did not differ 
from the PCPA NTB group on days 9 and 10, significant 
(p<0.05) changes were observed on days 11, 12 and 13. In 
addition, the PCPA TB group ate significantly more on days 
9 (p<0.01), 10 (p<0.05) and 11 (.o<0.05) than did the Sal TB 
group. Therefore, it appears that significant anorexia may 
have been delayed for 2 days (days 10 and 11, as compared to 
TB controls) following the IVT injection of PCPA. Figure 2 
presents the body weight data for the first experiment. A 
repeated measures ANOVA (days 9-13) indicated no signifi- 
cant effects of drug or tumor treatment. Although all groups 
lost weight immediately after the surgeries, the significant 
days effect, F(4,104)=186.30, p<0.01,  suggests re- 
emergence of daily body weight gain. Mean water intake in 
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FIG. 1. Mean (±S.E.M.) food intake (g/100 g body weight) by rats 
following inoculation (IM) with 5× 104 Walker 256 carcinosarcoma 
cells or 0.1 ml saline (day 4) and the acute bilateral injection (IVT, 8 
/zl) of para-chlorophenylalanine methyl ester (PCPA, 2 mg) or saline. 
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FIG. 2. Mean (±S.E.M.) body weight (g) changes by tumor-bearing 
and nontumor-bearing rats following the IVT injection of PCPA or 
saline. 

T A B L E  1 

MEAN 5-HT, 5-HIAA AND TRYPTOPHAN LEVELS OF TUMOR-BEARING AND CONTROL R A T S  7 

DAYS AFTER THE IVT INJECTION OF PCPA OR SALINE 

Treatment N 

Brain Brain Brain Plasma Plasma 
5-HT 5-HIAA TRP Total TRP Free TRP 
(ng/g) (ng/g) (/zg/g) (/zg/ml) (#g/ml) 

Sal-Sal 8 721 _+ 20 521 ± 19 
PCPA-Sal 7 629 ± 27t 424 ± 36t 
Sal-Tumor 7 700 ± 14 617 ± 18" 
PCPA-Tumor 7 655 ± 19 514 ± 25~: 

2.6 ± 0.1 15.6 ± 1.0 3.1 ± 0.3 
2.7 ± 0.1 13.1 ± 1.6 2.9 ± 0.2 
3.3 ± 0.1" 9.7 ± 1.0" 4.6 ± 0.2* 
3.0 _+ 0.3 8.9 ± 1.3" 4.6 ± 0.4* 

*Different from Sal-Sal p<0.01. 
?Different from Sal-Sal p<0.05 
*Different from Sal-Tumor p<0.01. 

this  e x p e r i m e n t  is p r e s e n t e d  in Fig. 3. T h e r e  were  no signifi- 
can t  overa l l  ef fects  o f  d rug  or  t u m o r  t r e a t m e n t s  on  w a t e r  
in take .  H o w e v e r ,  the  drug  × t u m o r  in te rac t ion  was signifi- 
can t ,  F (1 ,26)=8 .57 ,  p < 0 . 0 1 ,  pr imar i ly  due  to the  inc reased  
dr ink ing  r e s p o n s e  of  the  PCPA TB group.  

Ana lys i s  o f  the  b iochemica l  da ta  for  E x p e r i m e n t  1 (Table  
1) ind ica ted  tha t  a l though  p l a sma  total  Trp  was dec reased ,  
F(1 ,25)=  17.59, p < 0 . 0 1 ,  t w o- w ay  A N O V A ) ,  free ( u n b o u n d )  
p l a s m a  Trp  was  e l eva ted ,  F ( 1 , 2 5 ) = 2 8 . 5 8 , p < 0 . 0 1 ,  in TB rats .  
P lasma Trp  was  not  affected by  the PCPA t r ea tmen t  in e i the r  
TB or  NTB rats. Bra in  Trp was also e leva ted  in TB rats, F(1,25) 
= 10.24,p<0.01,  as was brain  5 -HIAA,  F(1,25)= 13.08,p <0.01.  
The  P C P A  t r e a t m e n t  s ignif icant ly  r educed  b o t h  bra in  5-HT,  
F(1 ,25)=11.49 ,  p < 0 . 0 1 ,  and  5 - H I A A ,  F(1 ,25)=15.21 ,  
p < 0 . 0 1 ,  wi th  pos t  hoc  t - tes ts  r evea l ing  d e c r e a s e d  5 -HT in 
N T B  (p<0 .05 )  and  d e c r e a s e d  5 - H I A A  in N T B  (p<0 .05)  and  
T B  (p<0 .01)  groups .  

In o rde r  to ob ta in  b iochemica l  da ta  tha t  more  c lose ly  
c o r r e s p o n d e d  to the  o n s e t  o f  the  an t i - anorec t i c  effect  of  
PCPA,  the  a b o v e  e x p e r i m e n t  was  rep l i ca ted  wi th  the  ra ts  
be ing  sacr i f iced 4 days  af te r  the  I V T  in jec t ions .  As  may  be 
o b s e r v e d  in Fig. 4, the  effect  o f  P C P A  on  food in take  was 
s imilar  to the  resul t s  of  the  p rev ious  expe r i m en t .  Sta t is t ica l  
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FIG. 3. Mean ( -S .E .M. )  water intake (g/100 g body weight) by 
tumor-bearing and nontumor-bearing rats following the IVT injec- 
tion of PCPA or saline. 
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TABLE 2 
MEAN BRAIN 5-HT, 5-HIAA, NE AND DA LEVELS OF TUMOR-BEARING AND 

CONTROL RATS 4 DAYS AFTER THE IVT INJECTION OF PCPA OR SALINE 

5-HT 5-HIAA N E DA 
Treatment N (ng/g) (ng/g) (mg/g) (mg/g) 

Sal-Sal 7 718 ± 21 535 ± 29 519 ± 12 1000 _+ 23 
PCPA-Sal 7 568 ± 47* 387 ± 42* 490 ± 11 987 ± 24 
Sal-Tumor 7 699 ± 35 597 ± 24 510 ± 7 992 +- 29 
PCPA-Tumor 8 597 ± 25* 498 - 39 485 ± 11 1014 ± 34 

*Different from Sal-Sal p <0.01. 
tDifferent from Sal-Tumor p<0.05. 
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• PCPA -Tumor, r J = 8  \ ~ ] ~ / /  
0 Soline-Tu mor, n = 7 
• PCPA*No tumor, n=7 
~, Saline-No tumor,n=7 
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FIG. 4. Mean (± S. E.M.) food consumption (g/100 g body weight) by 
rats following tumor inoculation (1 x 10 ~ Walker 256 cells) or control 
injections of saline (0.1 ml, IM) on day 4. PCPA (2 mg, 8/zl) or saline 
(8 p J) was acutely-injected (IVT) on day 6, with all rats being sac- 
rificed for biochemical analysis on day 10. 

analysis of eating across days 8 through 10 (repeated meas- 
ures ANOVA) revealed a significant overall effect of PCPA, 
F(1,25) =6.14, p <0.01, and a significant trials × tumor inter- 
action, F(2,48)=6.54, p<0.01. Post hoc t-tests indicated the 
Sal TB rats to be eating less than the NTB group by day 9 
(p<0.05) and the PCPA TB group to be eating more than the 
Sal TB group on day 10 (p<0.01). Analysis of body weight 
and water intake data in the second experiment revealed no 
significant effects of drug or tumor treatments. However, 
there were significant days effects for both body weight gain, 
F(2,50)=13.47, p<0.01,  and water intake, F(2,50)=4.14, 
p<0.05, with both of these parameters increasing across the 
days of the ANOVA. 

Analysis of the biochemical data in Experiment 2 (Table 
2) suggests that PCPA significantly reduced 5-HT, 
F(1,25)=14.58, p<0.01,  as well as 5-HIAA, F(1,25)=13.59, 
p<0.01. Post hoc t-tests indicated decreased 5-HT and 
5-HIAA in both PCPA NTB (p<0.01) and PCPA TB 
(p <0.05) groups. Although the tumor treatment did not ele- 
vate brain 5-HT, overall levels of 5-HIAA were significantly 
increased in tumor groups, F(1,25)=6.89, p<0.01. Analysis 
of brain catecholamine data (Table 2) indicated that the 
PCPA treatment significantly reduced NE, F(1,25)=6.85, 

p<0.01, while not affecting DA. The tumor treatment had no 
significant effect on brain catecholamines. 

DISCUSSION 

In agreement with previous results [14], the data provided 
by these experiments suggest an association of brain 5-HT 
with cancer anorexia. Thus, brain levels of the 5-HT precur- 
sor, Trp, and the metabolite, 5-HIAA, were significantly el- 
evated in anorectic TB rats in the first experiment. Although 
levels of 5-HT itself were not changed, the increases in pre- 
cursor and metabolite levels are suggestive of increased 
5-HT turnover. This increase in CNS indole activity is ap- 
parently secondary to peripheral changes in circulating 
levels of Trp. Plasma total Trp was significantly decreased, 
while the unbound fraction was elevated in TB rats, allowing 
greater transport of the amino acid into the brain [28]. As 
previously suggested [14], this increase in plasma free Trp 
results primarily from a reduction in binding sites due to 
decreased levels of albumin and displacement of bound Trp 
by elevated plasma nonesterfied free fatty acids in TB rats. 
The absence of such changes in pair-fed control animals 
[14,33] suggests that elevated indole activity was not a result 
of the anorexia. In addition, we have observed [33] increased 
brain indole activity just prior to the onset of anorexia (day 
5), indicating that the changes in CNS 5-HT metabolism ac- 
tually precede decreased eating. Although levels of 5-HIAA 
were not significantly increased in the Sal TB rats in the 
second experiment on day 10 (day 6 post tumor induction), 
the trend was clearly in that direction. 

Although involvement of brain 5-HT systems in cancer 
anorexia may also be suggested by the effectiveness of 
PCPA treatment in delaying the onset of anorexia, the tran- 
sient nature of this delay suggests additional mechanisms, 
Thus, levels of 5-HIAA in the PCPA TB group in the first 
experiment were within normal limits even though these 
animals were severely anorectic. Therefore, either the effec- 
tiveness of PCPA in reversing anorexia is not specific to 
reduction of 5-HT activity or greater 5-HT changes in spe- 
cific brain areas are being masked in the whole brain assays. 
Regional brain assay of indole activity within this model of 
cancer anorexia has demonstrated elevations of 5-HT in the 
diencephalon and 5-HIAA in the diencephalon, hippocam- 
pus, pons-medulla and cerebral cortex [33]. At present, we 
are uncertain whether these regional 5-HT and 5-HIAA 
changes have any functional significance for cancer 
anorexia. 

An additional problem with these PCPA studies is that the 
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drug was a d m i n i s t e r e d  acute ly  dur ing  a t r aumat i c  surgical  
p rocedure .  Thus ,  var ious  fac tors  a s soc ia t ed  wi th  r e c o v e r y  
f rom the  surger ies  m ay  have  in f luenced  the  anorec t i c  re- 
sponse  to cance r .  T h e s e  fac tors  include anes the t i c  effects ,  
b lood  loss,  weight  loss,  IVT osmot ic  and  vo lume  s t resses ,  
any  o f  wh ich  could  affect  s u b s e q u e n t  feeding and  dr ink ing  by 
the subjects .  The  Sal TB rats  in the s econd  e x p e r i m e n t  may  
have  b e c o m e  anorec t i c  on  day 5 (post  t u m o r  t r ansp lan t )  
r a the r  than  on  day  6 as usually o b s e r v e d  becaus e  of  such  
non-spec i f ic  factors .  A l though  these  same fac tors  may  ac- 
c o u n t  for  some of  the var iabi l i ty  in the  d r ink ing  r e sponses ,  
PCPA has been  repor ted  to increase  wa te r  in take  [5]. The  
ma jo r  change  in wa te r  in take ,  howeve r ,  appea r s  to be in the  
PCPA TB rats ,  sugges t ing  tha t  this  inc rease  in dr ink ing  may  
at least  init ially be s e c o n d a r y  to the i r  inc reased  feeding re- 
sponse .  

A n o t h e r  p rob lem assoc ia ted  wi th  the acute  in jec t ion  of  
PCPA is the var iabi l i ty  o f  5 -HT deple t ions .  A l though  Bre i sch  
et  al. 141 repor ted  much  grea te r  dep le t ion  (75%) in the i r  initial 
paper ,  s u b s e q u e n t  r e sea rch  by this  g roup  118] has  resu l ted  in 
5-HT dep le t ions  more  c lose ly  al igned with those  in the pres-  
en t  repor t .  In this  la t ter  paper  I18], h y p e r p h a g i a  was ob-  
se rved  i r respec t ive  of  the  degree  of  5 -HT reduc t ion  or  the  
specific amino  acid methy l  e s t e r  (PCPA,  leucine ,  t ryp-  

t ophan )  be ing  in jec ted  into the  vent r ic le .  Thus ,  these  da ta  
a lso argue agains t  5 -HT media t ion  of  P C P A - i n d u c e d  hyper -  
phagia .  

A l though  the  PCPA t r e a t m e n t  was  sl ightly more  effect ive  
in s t imula t ing feeding in TB rats  than  in N T B  rats ,  the  role of  
5 -HT reduc t ion  in the  reversa l  of  c a n c e r  a n o r e x i a  by PCPA 
reamins  to be  de t e rmined .  Since levels  of  N E  were  also 
slightly but  s ignif icant ly  r educed  by the  PCPA t r e a t m e n t  in 
the  s econd  expe r imen t ,  c a t e c h o l a m i n e  med ia t ion  of  the  feed- 
ing effect  c a n n o t  be d ismissed .  A l t e rna t ive  h y p o t h e s e s  may  
also be plausible ,  such  as e n d o r p h i n  faci l i ta t ion of  feeding 
[21] s econda ry  to the s t ress  of  the  acu te  in jec t ion of  high 
doses  of  PCPA.  

Al though  these  resul ts  may  offer  some  suppor t  for  a role 
of  5 -HT in media t ing  c a n c e r  anorex ia ,  addi t ional  r e sea rch  is 
c lear ly  indica ted .  A n u m b e r  o f  a l t e rna t ive  h y p o t h e s e s  have  
been  p r e s e n t e d  to a ccoun t  for  the  effects  of  PCPA on feed- 
ing. The  p r e p o n d e r a n c e  of  ev idence  of  5 -HT media t ion  of  
sat ie ty c o m b i n e d  wi th  our  repor t s  of  inc reased  5-HT act ivi ty  
in anorec t i c  TB rats  m a k e s  5-HT media t ion  of  c a n c e r  
ano rex ia  a ve ry  a t t r ac t ive  hypo thes i s .  N e v e r t h e l e s s ,  addi-  
t ional  r e sea rch  employ ing  less t r aumat i c  man ipu la t ion  of  
5-HT sys t ems  will be requi red  for  more  comple t e  a s s e s s m e n t  
of  this  hypo thes i s .  
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