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the bone ash determinations on animals from 
the rachitic and control groups, sacrificed at  
time of injection of radium into the rest of 
the animals of the groups. The rachitic ani- 
mals showed significantly lower bone ash lev- 
els than did the control animals (Table T ) .  
Variation between bone ash values of the 
rachitic group was much greater than in the 
control group. 

The high variation of bone ash levels of 
the rachitic animals corresponds to the varia- 
tion in radium retention in this group, in con- 
trast to the relatively small variations in the 
control and treated groups. 

Discussion. Significantly more radium was 
retained by the animals receiving vit. D than 
by the untreated rachitic animals. Differ- 
ences in mean radium retention between 
Groups I and 11, and between Groups I1 and 
111, are highly significant, t values being 5.33 
and 9.19 respectively. Even the difference 
between Groups I and IT1 has a probability 

other animals of gi*oup. 

of only 10/0, so is also significant. It was as- 
sumed, because of the previous studies by 
many other workers, that total body retention 
of radium 23 days after administration of the 
radium would be analogous to skeletal reten- 
tion. The results of our experiments do not 
permit us to decide whether the effect of vit. 
D is on the initial deposition of radium in 
bones, or on rate of removal from the bones. 

It would appear that retention of radium, 
therefore, is affected by the absence or pres- 
ence of vit. D in the diet in the same manner 
as are the retentions of Ca45, Sr89990, and 
BahL0. Since i t  is impossible to demonstrate 
in rats a requirement for vit. D on diets with 
normal Ca and P contents, the high Ca-low P 
diet was used to demonstrate these effects on 
radium retention. There is of course no as- 
surance that vit. D would affect Ra retention 
in rats on normal diets, or in humans. 

Summary. Total body retention of injected 
radium was significantly less in rachitic rats 
than in vit. D-treated rachitic rats, or in non- 
rachitic control animals. 
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Hypothalamic Lesions Associated with Goldthiogluoose-Induced Obesity.” 
(23361 ) 

ROBERT A.  LIEBELT .\ND JOHN H. PEKR\- (Introduced by Arthur Kirschbaum) 
Depart nzwt  u f :1 natoniy, Rnylor 1;njtwrsiiy College of Medicine, Ho.uston, Texas. 

A massive and persistent obesity can be in- 
duced in various strains of mice with a single 

* This investigation  support^ by Public Health 
Service Grants. 

injection of goldthioglucose( 1-4). Of those 
animals surviving the LDSO dose about one- 
third show varying degrees Of fat deposition 
( 5 ) .  This obesity is associated with a marked 
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increase in spontaneous food intake; carcass 
analysis indicates that increase in body weight 
is essentially due to increase in body lipid (6). 

Marshall, Barrnett and Mayer ( 7 )  described 
lesions in the ventromedial nuclei of the hy- 
pothalamus of animals injected with goldthio- 
glucose 24 to 72 hours prior to autopsy. Neu- 
rones were scarce in the ventromedial nu- 
clei of mice made obese by injection of 
gold thioglucose at  least 3 months prior to 
investigation. Sections of brains of mice which 
failed to become obese after injection with 
goldthioglucose at  least 3 months prior to 
autopsy revealed no distinct abnormalities. 
No lesions were observed in other areas of the 
brain. 

Our observations indicate that 2 genetically 
unrelated inbred strains of mice (CBA and 
Cs7BL) demonstrate differences in suscepti- 
bility to goldthioglucose-induced obesity. 
<One hundred percent of CBA mice become 
obese with no mortality following a given dose 
of goldthioglucose which has no effect on 
weight gain of CS7BL mice. However, larger 
,doses of goldthioglucose, which are fatal for 
CBA mice, produce significant weight gain in 
CB7BL mice. I t  was the purpose of this inves- 
tigation to determine the relationship between 
weight gain following goldthioglucose and the 
nature of the lesions in the hypothalamus in 
these 2 strains of mice. 

l%?ethods. The strains of mice used had 
been inbred in this laboratory for more than 
20 generations; mice were 3 months of age 
when goldthioglucose was administered. Pur- 
ina lab chow was fed ad libitum; mice were 
housed in groups of 4-6 animals per cage (6 x 
1 2  inches). The goldthioglucose suspension 
was prepared by adding 100 mg to 2 cc of 
peanut oil which was vigorously agitated prior 
to  each injection. (Our recent studies show 
that goldthioglucose dissolved in saline is as 
effective in producing obesity.) Most injec- 
tions were made intraperitoneally ; previous 
experience indicated no difference between 
the intramuscular and intraperitoneal routes. 
A total of 100 CBA mice were injected with 
0.18 to 0.75 mgt of goldthioglucose, compared 

t Dosage of goldthioglu,cose is expressed in mg/g 
body weight. 
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PLATE I. Photomicrographs of sections tlirough 
infundibular region of hypothalamus of goliltliio- 
glueosc treated mice. ME, median eminencc ; VJI, 
nucleus veritromcdialis ; A, nucleus arcuatus ; 111, 

third ventricle; L, lesion. 

FIG. 2. Bilateral hypoth:ilamic lcsioiis 11 n nsso- 
ciated with wt gain in C,,BL. Dose: .35 mg/g body 
wt. Duration of csperiinent: 2 days. S ta in :  R o  
niniies Silver. i< 23.  

Bilateral hypothalamic lcsioiis U)/:ISSO- 

ciated with wt gain in CBA. Dose: .18 nig/g body 
wt. Duration of experiment: 19 days. Stain:  
Hematoxylin and  eosin. X23. 

FIG.  4. Hypothalamic lesion associated with 
marked wt  gain in  CBA. Dose: .35 mg/g body wt. 

F1G. 3. 

Ihrn t ion  of experiment: 2 days. Stain:  Toluidiii 
Hluc. x45 .  
FIG. 5. Hypothalamic lesion associated with 

motierntc wt gain  i n  C,,BL. Dose: 1.2 mg/g body 
wt.  Duration of experiment: 19 days. S ta in :  
I I wnatosylin and  eosin. X 45. 

the hypothalamus. These extended from the 
mammillary bodies to the optic chiasma and 
were localized in the cell-poor interval be- 
tween the ventromedial nuclear complex and 
the arcuate (infundibular) nucleus. Similar 
lcsions (Fig. 3 )  occurred in CB.4 mice wi th  a 
dose of 0.18 mg. CBA mice receiving this  
low dose showed n o  significant weight gain. 

On the other hand, doses of 0.35 mg in 
CRA mice produced large lesions (Fig. 4) ,  
which were correlated with a great increase in 
body weight. In the CSiBL strain lesions of 
comparable magnitude (Fig. 5 )  resulted only 
when the dose of goldthioglucose was in- 
creased 3 to 4 times (1.2 mg).  As indicated 
above, weight gain in the CsiBL strain was 
not as great as in the CBA, although the hy- 
pothalamic damage was similar (Fig. 4,s). 
C’BA mice which receive more than 0.75 mg 
of goldthioglucose usually die within 3 to 4 
days post-injection, and autopsy reveals gas- 
tric ulcers and stomachs overdistended with 
food. The brains of these animals show de- 
struction of all of the nuclei of the hypothala- 
mus except the supraoptic, dorsal parts of the 
filiform group, and the most ventral cells of 
the arcuate nuclei. 

I m i o n s  associated with significant increase 
in body weight diflered f r o m  those unattended 
b y  weight increment,  in that there occurred 
considerable destruction of the arcuate nu- 
cleus and ependymal cells of the third ven- 
tricle in the former (Fig. 4,s). Differences in 
rostra1 and caudal limits of the lesions in the 
obese and non-obese animals were not great. 

All CBA mice with significant increase in 
body weight showed lesions in the limbic sys- 
tem (Fornix, ventral psalterium, and primor- 
dial hippocampus), (Fig. 7,8), in addition to 
hypothalamic damage. The histopathologic 
features of limbic and hypothalamic lesions 
were similar. Alteration of background stain- 
ing, edema, and hemorrhage predominated in 
cases with 2- to 3-day experimental intervals. 
Macrophages were abundant in 5 -  and 9-day 
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PLATE 11. Photomicrographs of sections through 
f ornix and veiitral psalterium of goldthioglucose 
treated CRA mice. CC, corpus callosum; LV, lat- 
eral ventricle ; F, fornix; VP, ventral psalterium ; 
AH, Ammon’s horn ; PII, yrimordial hippocampus ; 

L, lesion. 

FIG. 6. Lesion of fornix and ventral psalterium 
associated with marked wt gain. Dose: .35 mg/g 
body wt. Duration of experiment: 15 days. Stam: 
Toluidin Blue. X50. 

FIG. 7. Lesion of primordial hippocampus, ven- 
tral  psalterium and fornix associated with marked 
wt gain. Dose: .35 mg/g body wt. Duration of 
experiment: 2 days. Stain: Weil’s myelin. X30. 

specimens. Gliosis was characteristic in ani- 
mals allowed to survive 15  and 19 days after 
injection of goldthioglucose. 

Discussion. It appears that the difference 
in response of CBA and CB7BL mice to gold- 
thioglucose in terms of weight gain is not de- 
termined by mere presence or absence of le- 
sions in the hypothalamus, but by extent of 
involvement of critical hypothalamic areas. 
Further investigation is needed to determine 
whether the “critical areas” are the postulated 
glucoreceptor center ( 7 )  or other regions. It 
is possible that the limbic lesions, which are 
being studied further in this laboratory rela- 
tive to induced obesity are related to the 

greater increase in weight gain shown by CBA 
mice. 

Since lesions of variable and predictable 
size can be induced in the hypothalamus by 
altering the dose of injected goldthioglucose, 
opportunity is provided to study localization 
of hypothalamic function. 

Summary. The response to goldthioglu- 
cose-induced obesity differs in two genetically 
independent inbred strains of mice (CBA and 
Cj7BL>. This difference in response to a 
specific dose is associated with degree of hy- 
pothalamic damage, more extensive in CBA 
than in CS7BL mice, the former becoming 
more obese than the latter. Even when hypo- 
thalamic lesions comparable to those induced 
in very obese CBA mice are obtained by rela- 
tively large doses of goldthioglucose in C57BL 
mice, weight gain is approximately one-half 
of that appearing in CBA’s. Lesions of the 
fornix also occurred in CBA but not in C57BL 
mice; these lesions may be related to the 
greater weight increment in CBA mice. A 
further possibility is a genetically controlled 
(peripheral) metabolic difference in reaction 
to hypothalamic lesions in these 2 inbred 
strains. 

The goldthioglucose used was obtained through the 
courtesy of Dr. Rombert W. Burlew and the Schering 
Corp., Bloomfield, N. J. 
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