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rone) all increased FSH content and concen- 
tration in the castrate pituitary. There was 
minimal increase in FSH concentration with 
the administration of 17 u hydroxyprolgeste- 
rone and pregnenolone but larger doses seemed 
to be required than with the CI9 steroids. 
Progesterone was without effect, and estrone, 
in the doses employed, produced only a 
questionable decrease in FSH concentration. 
Dose-response relationships were not dis- 
cernible. 

In the female rat is is generally held that 
the mechanisms regulating pituitary LH and 
FSH are largely if not entirely separate. The 
dissociation of effects of several steroids, a t  
specific doses, on pituitary LH and FSH 
concentration in these castrate rats adds 
further circumstantial evidence that these 
mechanisms are also separate in the male rat. 
As a corollary, it appeared justified its con- 
clude that neither testosterone nor estrone 
alone would be sufficient to control gonadotro- 
pin concentration in the pituitary of the 
male rat. 

Castration of adult male rats 
resulted in a !?-fold increase in pituitary LH 

Summary. 

concentration, but no change in pituitary FSH 
concentration. Estrone, testosterone, A 4 
Androstenedione and dehydroepiandrosterone 
inhibited the post-castration increase in 
pituitary LH and there was a relationship 
between dose and degree of inhibition. Those 
steroids which exhibited an androgenic effect 
increased the pituitary FSH concentration in 
the castrate pituitary, but a dose-response 
relationship was not discernible. 
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Composition of Plasma Triglyceride Fatty Acids and Free Fatty 
Acids in Hypothalamic Obese Mice.* (31714) 

T. W. REDDING AND A. V. SCHALLY 
Endocrine and Polypeptide Laboratory, Veterans Administration Hospital, and 
Department of Medicine, Tulane University School of Medicine, N e w  Orleans 

Administration of gold thioglucose to mice 
results in an obesity similar to that induced 
by stereotaxic lesions in the ventro'medial 
nucleus of the hypothalamus in rats and 
mice. Although early woirk suggested that 
little functional damage was done by gold 
thioglucose other than causing hyperphagia, 
more recent evidence suggests tha,t other 
physiological functions may be affected( 1). 
The hypothalamus is well known to contain 
factors which stimulate or inhibit the release 
of known anterior pituitary hotrmones( 2 ) .  
Damage to this area by gold thioglucose may 

*Supported in part by a grant from Merck and 
Co., Inc. 

cause, in addition to hyperphagia, an im- 
balance in the production and release of 
anteriolr pituitary hormoaes. We have re- 
cently shown that the pituitary may play an 
important role in the prloduction of obesity in 
gold thioglucose treated mice ( 3 ) .  

Using new micromethods for the separation 
of plasma lipids, followed by gas-liquid 
chromatography, we have extended our ob- 
servations to the cumpositioa of triglyceride 
fatty acids and free fatty acids in the plasma 
of normal mice and in hypaphysecto[mized and 
non-hypophysectomized gold thioglucose 
lesioned mice. 

Materials and methods. Female mice ojf 
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T A B L E  I. Percentage Coinpositioii of Triglyceride F a t t y  Acids i n  Fas ted  CBA Mice. 

7- Percentage composition --> 

l m l y  wt, g P:iliiritnte Palrnitolcatc S tcnra tc  0lc:itc Liiiolcatc 
Filial t 

Colltrols 30.6 t 1.0” 31.2 & 3.1 7.6 f. .1 8.1 t: 2.1 33.0 & 2.6 20.4 & 1.8 
Hypopliyscctomy 2‘7.0 & 1.5 25.8 2 2.4 5.6 t 1.5 5.1 2 1.8 38.7 2 2.0 20.1 3.1 
IIyl’ol)hysect3111!., 29.5 & 1.1 31.9 & 1.9 15.4 & 1.3 8.1 & 1.3 26.7 & 1 . G  17.2 rt .8 

Gold tliioglucosc 4’7.0 & 1.8 32.5 & .8 15 5 & 1.6 5.9 .G 30.9 I+ 2.2 14.8 k 1.2 
gold tliioglucobe p 1 . 0 0 1  

p == .001 p .05 

Gold thioglucose, 
Coil trols IIypophysec toniy liypophysectomy Gold thioglucose 

Linolentc/p:ilniitate .675 _t .08* .783 2 .11 .539 2 .03 .457 & .03 

- ll.s. n.s. .05 
ratio 

P valuc 

* & s tandard  error  of llle:~ll, 

CBA strain or White Swiss ICR strain, 3-4 
months of age, were used in these experiments. 
All animals received the standard Purina 
mouse chow diet ad libitum. CBA mice were 
divided into 4 experimental groups consisting 
of normal controls, hypophysectomized con- 
trols, and gold thioglucose treated hypophy- 
sectomized and non-hypophysectomized 
groups. White Swiss mice were divided into 
normal controls and gold thioglucose treated 
groups. Five mice were used in each ex- 
perimental group. Hypophysectomy was per- 
formed by the transauricular method 4 days 
after administration of gold thioglucose( 4). 
At the conclusion of the experiment the com- 
pleteness of the hypophysectomy was checked 
at  autopsy. Results from animals having re- 
tained fragments of the pituitary were re- 
jected. 

Fifty days after the intraperitoneal ad- 
ministration of gold thioglucose (0.95 mg/g 
body weight) the mice had become extremely 
obese. At that time they were fasted over- 
night (1 7 hours) and blood was collected into 
55 pl heparinized capillary tubes from the 
ophthalmic venous plexus. After centri- 
fugation the red cells were discarded and the 
plasma stored at  -4°C until analyzed. Tri- 
glyceride fatty acids and free fatty acids 
were separated and analyzed according to the 
methods of Bowers et aZ(5). The Student t- 
distribution was used to calculate the proba- 
bility levels. 

Results. Table I shows the changes in 
composition of plasma triglyceride fatty acids 

t In i t ia l  body wt of all groups 25.5 & 1.3. 

in CBA mice treated with gold thioglucose. 
Statistically significant elevations in palmito- 
leate were seen in both the hypophysecto- 
mized gold thioglucose group and the gold 
thioglucose control group. Decreases in the 
levels of linoleate were also found in these two 
groups but were statistically significant only 
in the latter. Although the gold thioglucose- 
hypophysectomized mice showed similar 
changes in fatty acid composition their weight 
did not increase during the 50 days following 
administration of gold thioglucose(3). Hy- 
pophysectomy alone did not result in changes 
in fatty acid composition. Listed at the 
bottom of Table I is the 1inoleateJpalmitate 
ratio which has been used by Haessler and 
Crawford to describe changes in depot fatty 
composition in hypothalamic obese rats (6).  
We have found this ratio to be a convenient 
index of changes in plasma fat composition. 

I t  was also of interest to determine the 
composition of plasma free fatty acids in the 
gold thioglucose treated mouse. Table I1 in- 
dicates a significant alteration in the concen- 
tration of linoleate. Although there was 50% 
reduction in linoleate, other qualitative 
changes were not noted. Again the holeate/ 
palmitate ratio clearly distinguishes the obese 
animal irom the control. 

Further analysis of triglyceride fatty acids 
in Swiss mice is shown in Table 111. The 
largest changes were in the palmitate and 
linoleate fractions. Significant increases in 
the palmitate and decreases in linoleate oc- 
curred in the gold thioglucose treated groups. 
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TABLE 11. Plasma Free Fa t ty  Acid Composition of Swiss Hypothalamic Obese Mice. 

c Percentage composition Final t \ 

body wt, g Palmitate Palmitoleate Stearate Oleate Linoleate 

Con t r 01s 37.0 t .7* 36.2 2 1.3 7.3 2 1.3 14.1 5 1.2 29.9 1.2 12.1 f .6 
Gold tliioglucosc 60 0 2 2.9 37.7 2 1.2 8.4 t .6 13.9 2 1.6 32.9 2 1.5 6.3 2 .2 

P value n.s. n.s. n.s. n.s. .001 

Gold thioglucose Control 

Iiiiioleate/palmitate ratio .167 f . O l *  .337 2 .02 

Pvalue  .001 
~~ 

* 2 standard error of mean. t Initial body wt  of both groups 27.0 ? 1.8. 

TABTJE 111. Altera tioiis in Coniposition of Plasma Triglyccride Fa t ty  Acids in Swiss Mice 
Treated with Gold Thioglucose. 

Percentage composition 
Finnlt  - I 

body wt, g Palmitate Palmitoleate Stearate Oleate Linoleate 

Controls 37.0 t .7* 32 2 2 .4 6.7 2 1.3 8.8 +- .6 30.7 f 1.9 17.9 f 1.6 
Gold thioglucose 60.0 t 2.9 39.2 2 .9 8.2 f' .8 9.2 2 .8 31.2 2 1.7 12.0 2 1.5 

P values .001 n.s. n.s. n.s. .05 

Gold thioglucose Control 

Liriolea te/palmi t a  te ratio .306 2 .03* 
Pvalue  . O 1  

.558 & .05 

* 2 standard error of mean. 

These changes are similar to those reported by 
others in the depot fat of hypothalamic obese 
rats ( 7 ) .  There was no significant increase in 
palmitoleate as seen in gold thioglucose 
treated CBA mice (Table I). 

Discussion. We have previously shown 
that gold thioglucose induced obesity in the 
mouse can be prevented by hypophysectomy 
during the time period studied(3). Data 
presented here suggest that a metabolic shift 
in the bimosynthesis of fatty acids may occur 
after administration of gold thioglucose. This 
shift is not reversed by hypophysectomy. 
Compositional changes in depot fat, similar to 
those seen in the plasma lipids of the gold 
thioglucose treated mouse, occur within 6 
days following stereotaxic lesions of the 
ventromedial nucleus of the rat. These same 
compositional changes in depot fat occur in 
the genetic obese mouse long before the 
development of obesity( 6,7). These changes 
are associated with an increase in either 
palmitic or palmitoleic acids and a decrease 
in linoleic acid. Available evidence indicates 

t Init ial  body wt of all groups 27.0 f 1.8. 

that triglyceride synthesis in adipose tissue 
proceeds along pathways similar to' those sug- 
gested for the liver. It is therefore likely that 
any changes in the composition of adipose tis- 
sue would also be reflected in the synthesis of 
plasma lipids by the liver: Studies have dis- 
closed little about the mechanism that brings 
about changes in the composition of fatty 
acids in the plasma and depot fat. However, 
in the genetic obese mouse and the hy- 
pothalamic obese rat there is a depression in 
the release of fatty acids from adipose tissue 
when stimulated by epinephrine in vitro. This 
depression occurs before the development of 
obzsity and may imply a defect in the hor- 
mone sensitive lipase system( 6,7,8). The 
homeostatic regulation of fat distribution and 
composition may be distorted by numeroius 
hormonal substances which may act jointly 
or independently to alter the metabolic pat- 
tern. Injury to the hypothalamus either by 
stereotaxic lesions or gold thioglucose may in- 
duce a hormonal imbalance by interrupting the 
normal flow of hypothalamic releasing or in- 



246 FATTY ACID COMPOSITION IN OBESE MICE 

hibiting factors which regulate the release of 
the anterior pituitary hormones. 

I t  has been recently reported by Beaton 
et aZ(9) that in the hypothalamic obese rat 
there are increased amounts od fat mobilizing 
substance in urine. However, adipose tissue 
from these rats fails to respond by an in- 
creased release of fatty acids after the ad- 
dition of fat mobilizing substance either in 
vitro or in vivo. I t  is likely that the weight 
gain in hypothalamic obese rats may be en- 
hanced by a reduced response of their adipose 
tissue to one or more lipolytic agents. The 
ability to produce fat mobilizing substance 
depends upon the integrity of the pituitary 
since hypophysectomy abolishes its pro- 
duction in fasting rats. Fat mobilizing 
substance does not show growth-promoting 
activity and does not cross react with 
antisera to human growth hormone( 10). 
The exact role that fat mobilizing substance 
plays in the physiological regulation of fat 
metabolism is unknown. Mounting evidence 
seems to indicate that this substance is 
specific in its ability to mobilize fat in several 
species. I t  would be of interest to know 
whether this same fat mobilizing substance 
appears in the urine of gold thioglucose obese 
mice. No report of such data has been found 
in the literature. 

Liebelt et aZ( 11) have reported that re- 
moval of the gonadal fat  organs before the 
development of gold thioglucose obesity or 
during the static phase of the obesity in mice 
results in a physiological change bringing 
about a more rapid and efficient utilization of 
foodstuffs favoring lipid deposition. They 
suggest that the total fat organs may, either 
humorally and/or neurogenically, participate 
in appetite regulation by a hypothalamic feed- 
back mechanism. 

I t  would be interesting to speculate whether 
the mechanisms regulating or monitoring the 
fat depot are dependent upon at  least two 
factors: one from the hypothalamus directing 
chain length and unsaturation of fatty acids 
and the other from the pituitary affecting the 
physiological release and distribution of fat 
in the body. Irrespective of the controlling 
mechanisms for the distribution and com- 
position of fatty acids in plasma and depot 

lipids, i t  is now clear that certain similarities 
in lipigenesis exist between the “regulatory” 
and “metabolic” obesities. 

Summary. Changes in the composition of 
plasma triglyceride fatty acids and free fatty 
acids have been investigated in normal and 
gold thioglucose hypothalamic obese mice of 
the CBA and Swiss ICR strain. Significant 
elevations in palmitoleate were seen in plasma 
triglyceride fatty acids of CBA hypophysec- 
tomized gold thioglucose treated mice and 
in CBA gold thioglucose treated controls. De- 
creases in the levels of linoleate were also 
found in these two groups. Hypophysectomy 
alone did not result in changes in triglyceride 
fatty acid composition. An increase in pal- 
mitate and a decrease in linoleate were also 
seen in the plasma triglycerides of gold thio- 
glucose treated mice of the Swiss ICR strain. 
The free fatty acid linoleate values were 
reduced by 50% in these mice. There was 
no significant increase in palmitoleate as seen 
in gold thioglucose treated CBA mice. The 
linoleate/palmitate ratio has been found to be 
a convenient index to follow changes in 
plasma fat composition. 
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peated gifts of gold thioglucose, also to Dr. James 
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of the manuscript. Acknowledgement is made of the 
excellent technical assistance of R. How- and E. 
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Ethanolamine Metabolism in the Rat." (31715) 

R. J. TAYLOR, J R . ~  AND K. E. RICHARDSON (Introduced by Leon Ellenbogen) 
Department of Physiological Chemistry, Ohio State University, Columbus, Ohio 

Investigations od the metabolism of etha- 
nolarnine-1 , 2 c 4  in rats and pigeons have 
demonstrated its rapid oxidation to carbon 
dioxide( 1 ,2 ) .  The results of similar studies 
with isotopically labelled ethanolamine have 
suggested a pathway involving initial oxi- 
dative deamination to glycolaldehyde( 3,4). 
Enzymes for the conversion of ethanolamine 
to glycolaldehyde have been folund in micro- 
organisms ( 5 )  and plants (6,7), but have not 
been reported in mammalian systems. The 
oxidation of ethanolamine has been reported 
by a monoamine oxidase from human(8) and 
bovine(9) blood plasma, but the initiaa oxi- 
dation product was glyoxal in the latter sys- 
tem, which was the only one studied in detail 
(10). 

Several enzyme systems have been eluci- 
dated which would allow for the olxidation of 
glycolaldehyde to carbon dioxide in mam- 
malian tissues. Glycolaldehyde may be oxi- 
dized to glycolate and glyoxylate( 11,12) and 
the glyoxylate decarboxylated ( 13 ) . Upon 
transamination of glyoxylate to glycine ( 14, 
15) ,  the latter may be oxidized by a pyri- 
doxal-dependent enzyme to carbon dioxide 
(15). Alternately, the glycine may be coa- 
verted to serine( 16) and the serine oxidized 
to carbon dioxide via pyruvate. Glycol- 
aldehyde may also be converted to acetate 
( 17)  and subsequently oxidized through the 
citric acid cycle, or may be converted to 
sugars via a thiamine-dependent transketolase 
( 18). The following study was undertaken to 

*Supported in part by Grant GM-07865 from 
NIH. 

t Present address: Endocrine Research Dept., Led- 
erle Laboratories, American Cyanamid Co., Pearl 
River, N. Y .  

further elucidate the oxidative pa,thway of 
ethandamine in the rat. 

Materials and methods. Ethano;lamine-l,2- 
C14 (New England Nuclear Co., Boston, 
Mas.)  was purified by paper chromatography 
in 77% ethanol and was administered intra- 
peritoneally. Wistar rats were employed 
#throughout, Thiamine-deficient and pyri- 
doxine-deficient diets and their respective 
control diets (General Biochemicals, Inc., 
Chagrin Falls, Ohio) were used in vitamin 
deficiency studies. All other rats were main- 
tained oa standard chow diets. 

Respiratory C 0 2  was collected for various 
time intervals in glass metabolic cages with 
the expired C02 being trapped in a series of 
bubble tolwers containing 20% sodium hy- 
droxide. To facilitate the determination of 
radioactivity in a large number of samples, 
3.0 ml aliquots of the alkaline trapping 
solutions were acidified in sealed flasks 
equipped with vials containing 0.2 ml hyamine 
hydroxide suspended from their stoppers. 
Complete transfer of the C 0 2  to' the hyamine 
occurred when the flasks were shaken at  37°C 
for 1 hour. The radioactivity in the hyamine 
was measured by the use of a Packard Tri- 
Carb liquid scintillation spectrometer, using 
a PPO: POPOP: toluene mixture. 

To determine the distribution of radioac- 
tivity in various organs, the tissues were 
homogenized in 801% ethanol and boiled folr 
10 minutes. The centrifuged residue was 
washed successively with ether, 501% ethanol, 
and water. Radioactivity was measured in 
the combined washes by spotting 0.1 ml 
aliquots on aluminum planchets and counting 
with a Nuclear-Chicago gas flow ionization 
detector. ?"he aliquots were sufficiently 




