
treated controls, respectively. Various 
human fetal cells, including skin and lung 
fibroblasts, showed lower binding of la- 
beled EGF compared to HEPM cells and 
were less responsive to EGF. Adult liver 
anti heart cells were able to bind labeled 
ECiF to a similar extent as HEPM cells; 
however, EGF suppressed their growth 
and DNA synthesis, and changed their 
cell shape to a more fibroblastic appear- 
ance (not shown). It is noteworthy that a 
human oral epidermoid carcinoma cell 
line (CCL 17) (13) has an extremely high 
number of EGF receptors, approximate- 
ly 60 percent of that found in A431 cells 
(3 x lo6 per cell) (14) and that its basal 
OIIC activity is higher than in other cell 
lines listed in Table 2. 

Our data indicate that HEPM cells, 
compared to various human adult and 
fetal cells investigated in the present 
study, are the most sensitive to stimula- 
tion by EGF, whereas FGF and insulin 
at concentrations knowfi to be stimula- 
tory in other cell systems (15) do not 
stimulate HEPM cell growth to a signifi- 
cant extent. Thus, our findings, together 
with the proposed role of EGF in the 
control of growth of various target cells 
(16),  suggest that HEPM cells are one of 
the target cells for EGF during develop- 
ment. These results are consistent with 
our previous studies showing that EGF 
affects terminal differentiation of the me- 
dial epithelial cells in the rodent palate as 
well as mesenchymal cells of the palatal 
shelves in organ culture (3, 17). We 
proposed (18) the presence of an embry- 
onic form of EGF in the midgestation 
mouse embryo. It appears that this form 
of EGF, which may be similar to sarco- 
ma growth factor (19), may be important 
in development of various embryonic 
and fetal tissues (20). Since HEPM cells 
are derived from the palatal shelves of a 
human embryo, these cells may be useful 
for studies on the physiological and bio- 
chemical role of hormones and growth 
factors in the regulation of embryonic 
and fetal development. 
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Tumor-Induced Anorexia in the Wistar Rat 

Abstract. The transplantable Leydig cell tumor of Wistar rats, LTW(m), caused 
decreased food consumption and weight loss in the host within 2 weeks of 
implantation. The tumor was small, did not metastasize, and did not affect several 
parameters of biochemical function. When the tumors were removed, increases in 
food intake and body weight occurred within 72 hours and were sustained. Reimplan- 
tation of tumors caused anorexia to recur. Parabiotic pairs of rats with tumor in one 
partner also experienced weight loss. Those rats in parabiosis with tumor-bearing 
rats gained less weight than those in parabiosis with control rats. These observations 
suggest that the LTW(m) tumor causes anorexia and that this anorexia is mediated 
by a circulating substance. 

Tumor-induced anorexia is of major 
concern to physicians, as it often leads to 
the development of fatal cachexia (1). Its 
cause is unknown. Research has been 
hampered by the difficulty of human 
experimentation and the lack of well- 
characterized animal models. With hu- 
mans there often is variability in the 
presentation of the syndrome, lack of 
tissue for study, and confounding of data 
by therapy. An animal model of tumor- 
induced anorexia should display several 
features. The tumors should be small and 
not metastasize. They must not cause 
structural or biochemical derangements 
that could produce nonspecific loss of 
appetite. Ideally, long-term survival of 
the animal should be possible, and loss 
of appetite should be reversible on re- 
moval of the neoplasm. Tumors used in 
previous animal studies of tumor-in- 
duced anorexia (2) did not meet these 
criteria. We report a rodent tumor sys- 
tem that appears suitable for the study of 
anorexia. 

To evaluate tumors that might provide 
models of cancer anorexia, we studied 
the records of the tumor bank main- 
tained by the Mason Research Institute 
(3). One tumor that appeared to arrest 
weight gain despite its small size was the 
Leydig cell tumor of Wistar rats, 

LTW(m). For comparison, a tumor of 
the Wistar rat not associated with weight 
loss, the breast carcinosarcoma MTI 
W9a-B, was also selected for study. 

The first experiment was performed to 
study the effect of these tumors on the 
weight of male rats (4). Beginning 18 
days after implantation there was an 
obvious arrest of weight gain in the rats 
with LTW(m) tumor, while the rats with 
breast tumor were relatively unaffected. 
Between days 18 and 35, seven control 
rats gained 26 t 2 g (mean k standard 
error); seven breast tumor-bearers 
gained 34 + 4 g; and eight LTW(m) tu- 
mor-bearers lost 2 r 2 g (P < .001). 
When the rats were killed the LTW(m) 
tumors weighed 1.5 + 1.2 g and the 
breast tumors weighed 6.3 + 10.1 g. In 
another experiment, eight control rats 
gained an average of 57 g while eight 
tumor-bearing rats gained only 9 g over 
28 days (P < .01). Final tumor weight 
was 1.0 i 0.1 g. A biochemical profile 
(5) revealed no major differences be- 
tween normal and tumor-bearing rats 
except for significantly lower alkaline 
phosphatase in tumor bearers (141 i 82 
versus 241 + 3 1 mUIml). Glucose levels 
in both groups were slightly elevated, 
probably due to the ether used to anes- 
thetize the rats. All animals were sub- 
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jected to necropsy and histological study gain was again found to occur about 2 
(6) ,  which disclosed no metastases. weeks after tumor implantation (Fig. 1). 

The next experiment was performed to Removal of the tumor caused reversal of 
study food intake and the reversibility of weight loss beginning within 3 days of 
the phenomenon. Reduction in weight surgery. Recovery occurred whether the 

Tumorless, sham-operated control rats ( ~ ~ 6 )  

&---A Rats wlth LTW(m)tumors removed 4 3  days after  lmplantatlon ( k 6 )  
@- -4 Rats wlth LTW(m) tumors removed 2 6  days after  Implantation and 

reimplanted 1 7  days later (N = 6)  

lmplantatlon surgery Sur'gery 

Days 

Fig. 1. Mean body weight of male Wistar Furth rats following implantation and removal of 
LTW(m) tumors. On day 0, two groups of six rats were implanted with tumors. Six controls 
received sham implants. On day 26, six of the tumor-bearing animals were anesthetized with 
ether and their tumors were surgically removed. The other 12 rats underwent sham surgery. On 
day 43 the remaining six tumor-bearing animals had their tumors removed, while the six that 
had undergone tumor removal on day 26 were reimplanted with LTW(m) tumors. Body weights 
include the weight of the tumor. 

&----A Pairs wlth LTW(m) tumor (N-10) 
o---o Pairs wlth MTIWOa-8 (N-6) - Palrs with no tumor (N*) 

- 4 1  -20 - 1 2  -4 0 4 1 2  2 0  28 38 4 4  5 2  

t 
Parabiosls 

t 
Impl8ntatlon 

Days 

tumors were removed after 26 or 43 
days. When the tumor was reimplanted 
into those animals that had resumed 
weight gain following resection, anorexia 
and weight loss recurred. The alterations 
in weight associated with implantation 
and removal of the tumor were accompa- 
nied by parallel alterations in food in- 
take. 

In a final experiment, 22 parabiotic 
pairs of rats were formed (7) and, 6 
weeks later, the LTW(m) tumor or the 
MTIW9a-B tumor was implanted into 
one member of each pair. Additional 
pairs received sham implants. Both the 
weight of the parabiotic pairs and the 
weight gain of the individual members 
were measured. When a tumor was im- 
planted subcutaneously into one member 
of a parabiotic pair, the weight gain of 
the paired rats was analogous to that 
observed in single tumor-bearing rats 
(Fig. 2A). Within 16 to 18 days the rate of 
weight gain slowed, and eventually the 
weight of the pairs declined. In contrast, 
MTIW9a-B tumors did not arrest the 
weight gain of parabiotic rats. 

Separation of the pairs at the end of 
the experiment permitted measurement 
of the weight gain of each partner from 
the time parabiosis was established to 
the time of slaughter (Fig. 2B). Weight 
gain of rats bearing breast tumor (164 
r 13 g) was not significantly different 
from the weight gain of animals with 
sham implants (178 rt 8 g). Animals with 

LTW(m) tumor 
MTIWB~-B tumor 

Partner 
wlth tumor 

Tumorless 
partner 

Fig. 2 .  (A) Mean body weight of male Wistar Furth rats in parabiosis, with LTW(m) or MTIW9a-B tumor in one partner or no tumor in either part- 
ner. Body weights include the weight of the tumor. Each rat was weighed just before parabiosis surgery. Following surgery, the pairs were 
allowed to heal for approximately 6 weeks before tumor implantation. Such rats cross-circulate 1 to 2 percent of their blood volume per hour. On 
day 0, LTW(m) tumor was implanted subcutaneously into one partner in ten pairs. MTIW9a-B tumor was implanted into six pairs, and six pairs 
received no tumor. On day 46 all pairs were killed and separated, and each rat was weighed. (B) Mean weight gain of individual rats in the 
parabiotic pairs. Weight gains exclude the weight of the tumor. Data are for ten pairs with LTW(m) tumor, six pairs with MTIW9a-B tumor, and 
six pairs without tumor. 
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LTW(m) tumors gained significantly less 
weight (115 It 5 g, P < .01). Among 
partners without tumors, there was again 
no difference in weight gains between 
controls (166 a 5 g) and rats in parabio- 
sis with a breast tumor-bearer (175 r 10 
g). Rats in parabiosis with a LTW(m) 
tumor-bearer gained less weight (141 
-+ 7 g, P < .05). (These data represent 
weight gained during the entire period of 
parabiosis. Tumors were present only 
for the final 46 days of the experiment. 
Postmortem study of these rats revealed 
no obvious metastases in either member 
of any pair.) 

The results indicate that the trans- 
plantable LTW(m) tumor exhibits char- 
acteristics suitable for an animal model 
of tumor-induced anorexia. It causes de- 
creased food intake in Wistar Furth rats 
when the tumor first becomes palpable. 
The effect is reversible on removal of the 
tumor. The tumor-implanted rats appear 
healthy and behave normally. They are 
free of some of the common biochemical 
derangements associated with cancer, 
notably hypercalcemia and altered liver 
fuinction. The anorexia produced by the 
LTW(m) tumor could result from the 
release of some as yet unidentified sub- 
stance by the tumor (8). The results of 
the parabiosis experiment support this 
concept. Animals in parabiosis with 
LTW(m)-bearing rats gained less weight 
than controls in parabiosis with tumor- 
less rats or with rats whose tumors were 
nonanorexigenic, suggesting that an an- 
olexigenic substance produced by the 
L'TW(m) tumor is circulated into the 
partner, reducing its appetite and weight 
gain. Previous data from the study of 
certain strains of obese mice in parabio- 
sis support the concept of circulatory 
transfer of an anorexigenic substance, 
despite the low rate of cross-circulation 
(9). 

Many substances, including biogenic 
aimines, steroid hormones, lipids, amino 
acids, peptides, lactate, and oligonucleo- 
tides seem to affect appetite (1, 8). One 
of these substances could be responsible 
for tumor-induced anorexia. In particu- 
lar, tumor-induced anorexia could be 
caused by a circulating peptide that ex- 
erts a depressant effect on appetite. The 
hypothesis is supported by investiga- 
tlons demonstrating that many peptides 
affect appetite (10). Clinical experience 
also is consonant with the concept of an 
anorexigenic peptide, as the tumors of- 
ten associated with anorexia commonly 
produce ectopic peptide hormones (11). 
Since another Leydig cell tumor of rats, 
the Rice D6, produces a parathyroid 
hormone-like substance and hypercalce- 
rnia (12) ,  it may be that the LTW(m) 
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tumor is a secretor of peptide hormones. 
Parathyroid hormone is unlikely to be 
produced by the LTW(m) tumor, howev- 
er, because animals with this tumor do 
not evidence hypercalcemia, hypophos- 
phatemia, or elevated alkaline phospha- 
tase. 
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Pentapeptide (Proctolin) Associated with an Identified Neuron 

Abstract. Individual neurons can be recognized and ident$ed anatomically, 
physiologically, and biochemically in the insect central nervous system. Biochemical 
analyses of extracts prepared from one such identified neuron show it t o  be 
associated with a bioactive pentapeptide called proctolin. This peptide may  be a 
neurotransmitter, and a preparation is established in which its physiological action 
can be studied at  the ceilular level. 

Bioactive peptides are found in neu- 
rons and may be neurotransmitters (I). 
Little is known of the functions of pep- 
tide-containing neurons in the brain be- 
cause they are difficult to locate, identify 
and study with single-cell physiological 
techniques. Our understanding of neuro- 
nal function has profited immensely from 
the study of single identified neurons in 
simplified systems (2). The power of this 
approach resides in the recognition of 
individual neurons, which are accessible 
for repeated study in different individ- 
uals of the same species. Physiological 
information can therefore be accumulat- 
ed over time, and biochemical studies 
can be performed on precisely homolo- 
gous individual neurons collected and 
pooled from many animals. Although 

most individually characterized neurons 
are found in invertebrates, most neuro- 
peptides have been characterized in ver- 
tebrates. An exception is a highly bioac- 
tive pentapeptide called proctolin (Arg- 
Tyr-Leu-Pro-Thr) (3). It is found in the 
central nervous system of a number of 
insect species, but has not yet been 
associated with specific neurons. We 
now show evidence that proctolin is as- 
sociated with an individually identified 
neuron, and we establish a preparation in 
which sites and modes of action of a 
neuropeptide can be studied at the cellu- 
lar level. The evidence depends on a 
chromatographic characterization of ex- 
tracts made from single, individually 
identified neurons. 

Each segmental abdominal ganglion of 
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