
prevents communication between the fi- 
bers (11). However, we found that at the 
metathoracic ganglion the axon gives off 
several neurites which ramify in the 
neuropil. In several series (three prepa- 
rations) of serial sections through the 
metathoracic ganglion, we found that the 
branches from two different giant inter- - 
neurons come into close proximity (Fig. 
2E) (12). In this area the distance be- 
tween the giant interneurons' neurite 
membranes is only 7 to 10 nm (Fig. 2F). 
We have observed up to three such re- 
gions between two branches (9). 

That K +  has an important role in neu- 
ronal interaction has been demonstrated 
before (13). In most of these studies the 
increase in extracellular K+ concentra- 
tion was either due to stimulation of a 
single neuron at high frequency or the 
combined action of a group of neurons; 
furthermore, a fraction of adjacent neu- 
ronal elements in the vicinity of the 
stimulated pathway were affected, 
whereas others were not. In the present 
report we demonstrate a specific and 
efficient interaction in which a single 
action potential is capable of generating 
a significant depolarization in a single 
adjacent neuron. We propose that this 
depolarization is due to an increase in 
K+ concentration at a defined and re- 
stricted region. Our results cannot be 
explained by the presence of either 
chemical or electrotonic synapses and 
are consistent with the proposed hypoth- 
esis. 

Y. YAROM 
M. E. SPIRA 

Neurobiology Unit, Life Sciences 
Institute, Hebrew University, 
Jerusalem, Israel 
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Virally Induced Obesity Syndrome in Mice 

Abstract. An obesity syndrome was found in a number of mice infected as young 
adults with canine distemper virus, a morbillivirus antigenically related to measles. 
Body weights of obese animals 16 to 20 weeks after infection were comparable to 
those reported for genetically obese mice and for mice rendered obese by hypotha- 
lamic lesions. The total number of adipocytes in specific fat deposits was greater in 
obese animals than in their lean littermates. This hyperplasia was accompanied by 
moderate cell enlargement. Pancreatic islet tissue was also hypercellular in the 
obese mice. Brain tissue from the obese mice showed no overt pathology, and 
immunoJluorescence staining for viral antigens was negative. There may be a 
selective, virus-induced disruption of critical brain catecholamine pathways. 

During an investigation of the patho- 
logical consequences of canine distem- 
per virus infection of the mouse central 
nervous system, we found that an obesi- 
ty syndrome developed in a number of 
animals surviving the infection. To our 
knowledge, an infectious process has not 
been considered a possible etiological 
factor in the pathogenesis of obesity. 
Experimental models of obesity have 

fallen into three classes: hypothalamic 
obesity, produced by electrolytic, chem- 
ical, or knife injury to the hypothalamus 
or to fibers leading to and from the 
hypothalamus; dietary obesity; and ge- 
netically transmitted obesity. Strain-de- 
pendent differences in the phenotypic 
expression of obesity have been noted, 
for example, at the level of adipose tis- 
sue morphology (1). Thus, in certain 

Table 1. Outcome of canine distemper virus infection in NCSIR mice. Abbreviations: CNS, 
central nervous system; CDV. canine distemper virus. 

CNS Obesity No disease , , . ,, 
CNS 

disease, 
no 

)besity 

CDV (lo3 PFU, intracerebrally) 120 52 14 18 36 
CDV (5 x 104 PFU, intraperitoneally) 12 2 10 
Normal suckling mouse 35 35 

brain suspension (intracerebrally) 
HBSS (intracerebrally) 45 45 

*Animals dead or dying 2 weeks after lnoculatlon 
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mouse strains, adiposity in the adult ani- 
mal appears to result from a marked 
hypertrophy of adipocytes, while in oth- 
er strains, notably the oblob strain and 
the Zucker falfa rat, adiposity appears to 
result from both hypertrophy and hyper- 
plasia of adipocytes. 

Since the distemper virus experiments 
indicated a seemingly novel mechanism 
for the induction of obesity, a study of 
the phenomenon was carried out focus- 
ing on the morphological characteristics 
of the adipose tissue. Brain tissue was 
examined to determine the presence or 
absence of overt pathology. The pancre- 
as, pituitary, and adrenal glands were 
similarly examined. 

Swiss albino mice (NCSIR) were se- 
lected for the study. These animals nor- 
mally are lean; spontaneous obesity has 
never been encountered among the 
adults. They were fed unlimited Purina 
Lab Chow in a temperature-controlled 
room with a 12-hour light-dark cycle. 

Animals 4 to 5 weeks old and weighing 
20 g were lightly anesthetized with dieth- 
yl ether and injected with approximately 
10' plaque-forming units (PFU) of canine 
distemper virus into the left cerebral 
hemisphere. We used the Onderstepo- 
orte strain of this virus, neuroadapted 
by serial intracerebral passage in suck- 
ling NCS mice (2). Stock virus in a 10 
percent suspension of suckling mouse 
brain maintained at -70°C was diluted 
1: 50 with Hanks balanced salt solution 
(HBSS) before injection. Groups of con- 
trol animals were injected with suspen- 
sions of normal suckling mouse brain 
similarly diluted with HBSS or with 
HBSS alone. A further group of animals 
was injected intraperitoneally with 
5 x lo4 PFU of virus. 

Obese animals at or near their weight 
plateau and lean littermates were bled by 
left ventricular puncture under ether an- 
esthesia and perfused with 10 percent 
F'ormalin containing phosphate-buffered 
saline (pH 7.2). For determination of 
viral antigens in brain by immunofluores- 
cence, perfusion with Formalin was 
omitted and dissected brain was fixed in 
95 percent ethanol. Virus neutralization 
a.ssays for serum antibodies were per- 
formed on Vero cell monolayers grown 
in microtiter plates. The antibody dilu- 
tion at which 50 percent of viral plaques 
were neutralized was determined after 4 
days of incubation. Brain, pituitary, kid- 
neys, liver, spleen, pancreas, adrenals, 
and reproductive organs were dissected 
free, weighed, and fixed. Pituitary, 
adrenals, and pancreas were examined 
histologically. Inguinal, gonadal, and ret- 
iroperitoneal fat pads were excised and 

weighed, and the cellularity of these de- 
posits was then determined (3). 

We have described the development of 
acute and chronic encephalomyelitis in a 
number of mice surviving the effects of 
infection with canine distemper virus (2). 
All the infected animals initially dis- 
played hyperactivity. Histopathological 
examination of animals with the acute 
form of the disease revealed encephalitic 
lesions primarily in the diencephalon (es- 
pecially around the third ventricle) but 
also in the cortex and adjacent white 
matter, hippocampus, brainstem, spinal 
cords, anterior horns, and-rarely-cer- 
ebellar white matter. Mononuclear cell 
meningitis was most prominent at the 
base of the brain. The pathological 
changes in animals less acutely afflicted 
were similar but less severe. 

Obesity (Fig. 1) developed in some 
mice as early as 6 weeks after infection; 
it was more commonly observed after 8 
to 10 weeks, with animals reaching a 
weight plateau after 16 to 20 weeks (Fig. 
2). The mean body weight of obese ani- 
mals (63.7 r 1.5 g) was nearly twice that 
of lean littermates 33.1 2 0.8 g. This 
level of obesity is comparable to that 
observed in NCSIR mice injected with 
gold thioglucose and in oblob mice. 

Approximately 26 percent of the ani- 
mals that did not develop acute central 
nervous system disease became obese 
(Table 1). Obesity was not observed 
among animals inoculated intracerebral- 
ly with normal suckling mouse brain ex- 
tracts or with isotonic salt solution. In 
one experiment, of 14 animals inoculated 
intraperitoneally, two were obese 12 to 
16 weeks later (Table 1). Obesity devel- 
oped in male and female animals with 
equal frequency. 

In contrast to the histological findings 
associated with the encephalitis, hema- 
toxylin- and eosin-stained sections of 
brain and spinal cord from ten obese and 
eight infected lean controls were unre- 
markable, except for the presence of 
some perivascular mononuclear cell in- 
filtrates in brain sections from one obese 
animal. 

Cresyl violet staining of brain speci- 
mens dissected and sectioned to display 
ventromedial and contiguous hypotha- 
lamic nuclei did not reveal differences 
between obese and lean mice; other 
brain areas were similarly unremarkable. 
Immunofluorescence staining for the 
presence of viral antigens in sections of 
hypothalamus and other brain areas of 
obese and lean littermates was negative. 
Our previous study (2) indicated an ab- 
sence of infectious virus in the brains of 
animals surviving acute encephalitis. 
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Table 3. Organ weights for lean mice and mice with virus-induced obesity. Values are means + standard errors. 

Group 

Obese females 
( N  = 6) 

Lean females 
( N  = 4) 

Obese males 
(N  = 3) 

Lean males 
( N  = 4) 

Repro- 
Brain Liver Kidneys Adrenals Spleen Pancreas ductive 
(mg) (g) (mg) (mg) (mg) (mg) organs 

(mg) 

Ovaries 
406 + 27* 2.17 + 0.17* 552 + 20* 21.20 + 7.60 155 + 27 610 + 68* 8.56 + 2.55t 

Testes 
420 + 10 3.68 + 0.67 1060 + 50 8.97 + 3.12 171 + 16 627 + 81 254 + 22 

Repro- 
ductive 
organs 
(mg) 

Uterus 
224 + 52t 

352 + 22 

Prostate 
28.7 + 7.7 

69.6 + 10.91 

*Significantly diffeerent from comsponding value for lean mice at P < .01. t P  < .05. 

Five obese and five lean littermates were 
found to have neutralizing antibodies to 
canine dog virus in serum (mean titers, 
128 and 64 for obese and lean mice, 
respectively). 

Table 2 presents data on fat pad wet 
weight, cell size, and cell number for six 
obese and four infected lean female con- 
trols and three obese and four infected 
lean male controls. Obese animals exhib- 
ited higher values than lean animals for 

all three parameters in the three types of 
deposits examined. With one exception, 
all the differences were significant. Also, 
there were significant differences in or- 
gan weights between obese and lean fe- 
males (Table 3). The brain, ovaries, and 
uterus weighed less in the obese animals, 
and the liver, kidneys, and pancreas 
weighed more. Organ weights were not 
significantly different between obese and 
lean males, except for prostate weight, 
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Weeks after infection 
Fig. 1 (left). Mouse with virus-induced obesity and lean littermate. Fig. 2 (right). Change in 
body weight in female mice as a function of time after intracerebral inoculation with 10' PFU of 
virus. Data points are means for three animals. 

Obese Lean 

Fig. 3. Section of pancreas from obese mouse, showing marked hyperplasia in islet tissue, and 
section from pancreas of lean littermate. Arrows indicate islet tissue. 

which was lower in the obese mice. 
Pancreatic islets in four of six obese 

animals were larger than normal, ap- 
peared to be more numerous, and were 
hypercellular in both males and females 
(Fig. 3). In two animals of intermediate 
weight, similar changes were found to a 
milder degree. The adrenals and pituitar- 
ies were unremarkable. 

Canine distemper virus antigenically is 
closely related to measles virus, being 
classified with the latter and rinderpest 
virus of cattle in the morbillivirus sub- 
group of paramyxoviruses (4). Canine 
distemper virus was used in the present 
experiments because of its ready adapta- 
tion to mice and its capacity to produce 
central nervous system disease in adults. 
The development of an obesity syn- 
drome was unexpected. Since obesity 
was produced by intraperitoneal injec- 
tion of virus, but did not develop in 
control animals injected with HBSS or 
normal suckling mouse brain extracts, 
virus infection is strongly implicated in 
the etiology of the syndrome. 

The pronounced hyperplasia and mod- 
erate hypertrophy of adipose cells in 
mice with virus-induced obesity are rem- 
iniscent of the mature cellularity profile 
seen in most other obese rats and mice 
(5, 6). Earlier stages in the development 
of obesity are usually characterized by 
extreme adipocyte hypertrophy and little 
or no hyperplasia (5, 7). The reduced 
brain, ovary, uterus, and prostate 
weights found in the mice with virus- 
induced obesity are characteristic of obl 
ob mice and falfa rats, as are increased 
liver, kidney, and pancreas weights. The 
falfa rat and oblob mouse also typically 
have enlarged adrenals, but this differ- 
ence was not found 'in the mice with 
virus-induced obesity. Enlarged pancre- 
atic islet tissue, such as that found in the 
present study, is a consistent feature of 
all types of obesity in rodents. 

No overt abnormalities were observed 
in brain tissue from the obese animals. 
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Nevertheless, a central lesion could be 
of pivotal importance in the development 
of the syndrome. To  evaluate this, we 
analyzed brain catecholamines in the 
mice. Catecholamines have been impli- 
cated in abnormal endocrine function in 
obiob mice (8) and probably are impor- 
tant in hypothalamic control of feeding 
patterns (9). Catecholamine levels were 
determined in the brainstem, hypothala- 
mus, and forebrain of five obese animals, 
five infected lean controls, and five unin- 
fected lean controls by the analytical 
procedure of Hegstrand and Eichelman 
(lo), which involves high-pressure liquid 
chromatography with electrochemical 
detection. Concentrations of dopamine 
and norepinephrine in forebrain speci- 
mens from obese animals were two to 
three times lower than in specimens from 
uninfected lean controls. Forebrain from 
infected lean controls had concentra- 
tions of dopamine and norepinephrine 
that were intermediate between those 
measured in forebrain from obese and 
uninfected controls. Catecholamine lev- 
els in hypothalamic specimens from in- 
fected animals, both lean and obese, 
were difficult to evaluate because of con- 
siderable variance. There were no signif- 
icant differences in brainstem dopamine 
and norepinephrine between obese mice, 
infected lean controls, and uninfected 
lean controls. Thus a primary patholog- 
ical process involving virus-induced de- 
struction (or dysfunction) of select 
groups of neurons, resulting in defective 
catecholamine synthesis o r  release, may 
be critical in the development of the 
syndrome. Studies of a variety of other 
physiological and biochemical variables 
are needed to fully describe this type of 
obesity. 

There is a clear role for virus infection 
in the initiation of a number of chronic 
disorders in man (11). The present find- 
ings raise the possibility that virus infec- 
tion also plays a role in some cases of 
obesity in children and in some cases of 
severe spontaneous obesity in adults. 
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Dynorphin and Vasopressin: Common Localization in 
Magnocellular Neurons 

Abstract. The opioid peptide dynorphin is rridely distributed in neuronal tissue of  
rats. By irnmunoc~ytoc~hemit.rr1 methods, it 1t.a.s .shoi~,n previously t h i  dynorplzin-like 
immunoreactiiity is present in the posterior pituitary ~ l n d  the cells of the hypothcr- 
lamic neurosecretory magtzoc~ellular nuclei tr,hicli ~11so ure responsible jbr the 
synthesis of  oxytocin, vasopressin, und their neurophysins. By using an qfinity- 
pur$ed antiserum to the non-enkephalin pcrrt of  rhe dynorphin molecule it has nou3 
been demonstrared that dynorphin and ~usopress in  ocrur in the same h?pothnlnmic 
cells of ruts, whereas dynorphin und oxytocin occur in separnte cells. Homozygorts 
Brattleboro rats (deficient in vasoprr,ssin) have mc~gnocellular neurons thcrt contoin 
dynorphin separate from oxytocin. Thus dynorphin und vasopressin, d though  they 
occur in the same (.ells, appear t o  be under sepczrtrtr genetic control and presumcrb1.v . . 
arise .porn diferent precursors. 

The opioid peptide dynorphin, which 
was originally extracted from porcine 
pituitary, is highly active in the guinea 
pig ileum bioassay for opiate activity 
(700 times more potent than leucine- 
enkephalin) ( I ) .  By radioimmunoassay 
dynorphin has been demonstrated in the 
neurointermediate lobe of the pituitary, 
hypothalamus, cortex, hippocampus, 
medulla-pons, spinal cord, and dorsal- 
root ganglia of rats (2, 3). We previously 
demonstrated that immunoreactive dy- 
norphin occurs in cells other than p-en- 
dorphin-producing cells and pituitary in 
rat brain (4). We located dynorphin in 
the posterior pituitary and the magnocel- 
Mar  nuclei of the hypothalamus (su- 
praoptic and paraventricular nuclei). 
Since the magnocellular components of 
these nuclei are associated with the pro- 
duction of oxytocin, vasopressin, and 
the enkephalins (5 ) ,  we undertook an 
anatomical study of the cellular distribu- 
tion of dynorphin and these peptides. We 
now report the presence of immunore- 
active dynorphin in cells that produce 
vasopressin. We also show that Brattle- 
boro rats, known to be deficient in the 
production of vasopressin and its neuro- 
physin (6 ) ,  contain dynorphin in the non- 
oxytocin-containing cells of the magno- 
cellular nuclei. This, along with a 300- 
fold difference in content of arginine 
vasopressin (AVP) and dynorphin (2, 7) 
suggests that the peptides are under dif- 
ferent biosynthetic control. 

Brain tissue was prepared from 
Sprague-Dawley rats for immunocyto- 
chemical study as  reported elsewhere 
(4). In brief, normal rats and rats treated 
with colchicine (50 kg150 PI,  injected 
into the cerebral ventricles 48 hours be- 
fore the rats were killed) were anesthe- 
tized with pentobarbital (50 mgikg) and 
perfused by way of the aorta with 4 
percent cold formaldehyde phosphate 
buffer (0.1M) at 4°C for 30 minutes. The 
brains were removed, blocked, and post- 
fixed in the same fixative and maintained 
overnight at 4OC in 0.1M phosphate-buff- 
ered normal saline, pH 7.2, with 15 per- 
cent sucrose. They were then frozen in 
liquid nitrogen and sectioned at -20°C 
on a cryostat. Serial 5-p.m sections were 
cut through the hypothalamic magnocel- 
M a r  nuclei. 

Immunocytochemical staining was 
carried out according to the PAP tech- 
nique (8) with antiserums to dynorphin- 
(1-13). AVP. and oxytocin. Dynorphin- 
(1-13) was conjugated via glutaraldehyde 
to thyroglobulin as reported (2). To re- 
duce nonspecific background reactivity 
in the immunocytochemical study we 
used affinity-purified and fully recharac- 
terized dynorphin antibodies. The affini- 
ty resin used for antibody purification 
was prepared by linking dynorphin(1-13) 
to cyanogen bromide-activated Sephar- 
ose 4B with cyanogen bromide (9). The 
resulting antibodies were used at a 11300 
dilution; they were found to be blocked 
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