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Human chorionic gonadotropin (HCG) , 
employed clinically because of its influence 
on gonadal function, has also been used suc- 
cessfully in the treatment of obesity. Simeons 
(1) asserts that an enhancement of the mo- 
bilization of fat  occurs during HCG treat- 
ment, although no rationale for this effect has 
been determined. The present study is an 
attempt to establish a biochemical basis for 
the action of HCG by assessing the effects on 
three enzymes which are involved in linking 
glycolysis to the esterification and synthesis 
of fatty acids in possible target tissues: solu- 
ble alpha-glycerophosphate dehydrogenase 
(AGPD) , glucose-6-phosphate dehydrogenase 
(G6PD), and lactic dehydrogenase (LDH) . 
The significant role of these enzymes in di- 
recting lipid synthesis has been discussed 

Materials and Methods. Hooded rats ob- 
tained from the Brooklyn College stock colo- 
ny were maintained on Rockland Rat Chow 
ad libitum, with free access to water. Injec- 
tions of 50 IU of HCG (Lot No. 6837, Bio- 
line Labs, Brooklyn) were given ip each day 
for 7 days. Controls received 0.2 ml of saline. 
Alternative routes of administration have 
been employed in other studies of the meta- 
bolic effects of HCG (13, 14). 

Male rats were weighed and then sacrificed 
by decapitation, following by exsanguina- 
tion. The liver, both epididymal fa t  pads, and 
the gastrocnemius muscle from both legs 
were removed, blotted dry, and then frozen 
by placine: the tissue on aluminum foil boats 
immersed in an acetone-Dry Ice saturated 
solution. In  selected instances, fresh tissues 
were assayed and compared with frozen sam- 
ples. 

(12) .  

Tissues were h'omogenized with nine parts 
distilled water in a Tr-R homogenizer using 
Teflon pestles and glass tubes. The crude 
10% homogenates were centrifuged at  12,OOOg 
for 30 min in a Sorvall high-speed refrigerat- 
ed centrifuge. The clear supernates were then 
brought to final concentrations of 1% for 
muscle, 5 %  for fat, and 0.5% for liver. 

The assays for AGPD were carried out 
according to the tetrazolium method of Fried 
et al. ( 2 ) .  Assays for G6PD and LDH were 
carried out according to a modification of the 
tetrazolium technique, involving substitution 
of Tris buffer (pH 7.4) for GGPD (3)  and 
appropriate substitution of substrates. In all 
assays homogenate blanks were run to deter- 
mine endogenous activity. Thirty per cent 
trichloroacetic acid (0.2 ml) was used to stop 
the reactions. 

The formazan was extracted with 5 ml of 
ethyl acetate, and the optical densities were 
determined in a Coleman Junior I1 spectro- 
photometer (Model 6/20) at  490 nm. Each 
successive reading was first blanked with 
pure ethyl acetate. Calculation of enzyme 
activity was based upon a calibration curve 
obtained with chemically reduced iodo- 
formazan. Nitrogen determinations were car- 
ried out on aliquots of homogenate according 
to a modification of the micro-Kjeldahl meth- 
od utilizing direct nesslerization. Enzyme ac- 
tivity was expressed as micrograms of 
formazan per pg of homogenate nitrogen ( 3 ) .  

Results. The effect of HCG is most 
manifest in adipose tissue as demonstrated by 
significant decreases in activities of all three 
enzymes (Table I).  In  liver, there was a 
decrease of 93% in G6PD activity, while 
LDH and AGPD were unaffected. Muscle, 
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TAWLE I. Effects of HCG 011 Eiizyiiie Activity. 

IJDH 
C‘ontrol 4 (441 .g) 23.22 0.5ti” 21.10 2 3.13 23.46 * 2.39 
HCG ti ( m g )  15.09 0.57‘’ 22.43 l.(i5 24.96 & 1.93 

GtiPU 
C:olltrol 4 (441 g )  i . 8 3  2 0.52 3 1.2((i f 1.28 Xo activity 
HCG Ci (482g) 4.04 2 0.35” 1.05 & (1.02” No activity 

AGPI) 
Cant rol 4 (441 g )  2 1.08 2 1 .XI 8.93 & 0.55 i . 9 2  & 0.32 
H C 1 0  (i (482 g) 3.23 _+ 0.48” 1 . ~ 0  _+ 0.16 2.86 2 0.16’’ c -  

~ 

All cnzy111c activities rspressecl :IS nlicrogrnnls fornli1e:iii/pug nitrogcw ( 2  8E). 
Probability < O . O O l  fo r  tho null hFpotliesis usiiig Stiidciit ’s t tes t  to co’mpwre control and 

HCG groups. 

which shows no activity of G6PD under con- 
trol or experimental conditions exhibited a 
64% decrease in AGPD activity. LDH 
showed no change. In  adipose tissue, specific 
decreases in activity of 35, 48, and 85% were 
found for LDH, G6PD, and AGPD, respec- 
tively. Thus, HCG treatment demonstrates 
more marked effects on AGPD and G6PD 
than on LDH. Fresh tissues showed activities 
essentially similar to the frozen samples. 

Discussion. HCG is a glycoprotein found 
in the urine of pregnant women. Its most 
significant clinical role has been in influenc- 
ing such gonadal functions as the differenti- 
ation of Leydig cells, induction and mainte- 
nance of testicular androgens, and treatment 
of Froehlich’s syndrome (1, 4). While the 
effects suggest a significant mediating role for 
the gonads in HCG action, direct effects on 
metabolic parameters of HCG have been re- 
ported in castrated monkeys (14). Histo- 
chemical comparisons of enzyme activity in 
normal and castrated rats tested with HCG 
suggested a direct action of this hormone on 
liver metabolism ( 15). A mediating role for 
the adrenals has not been reported. 

For the past 15 years, Simeons has used 
HCG in the treatment of obesity (5-7). 
Maintenance on a strict 500 cal/day diet and 
daily injections of HCG (125 IU) produced 
weight loss from “abnormal” fat  deposits, 
while alleviating the sensation of hunger. 
HCG was believed to act by mobilizing fat 
from excessive fat stores in a selective man- 

ner. The present studies suggest an enzyma- 
tic basis for this action. 

In adipose tissue, triglyceride synthesis is 
probably dependent on AGPD conversion of 
dihydroxyacetone phosphate (DHAP) to 
AGP (active glycerol), due to the absence of 
a glycerol-kinase (8). The 85% decrease in 
activity of adipose tissue AGPD, an enzyme 
which links glycolysis with esterification of 
fat, is consistent with a marked diminution of 
€at ty acid esterificatiaon during HCG treat- 
ment. Consequent increases in the pool of 
FFA in this tissue would account for mobili- 
zation and transport to such sites as the liver. 
The dramatic decrease of G6PD in liver 
may signify a negative feedback mechanism 
operating in response to the increased FFA 
since this metabolite is known to diminish 
lipogenesis (9) .  Reduction of G6PD activity 
in adipose tissue indicates that at  least in 
terms of pentose-shunt generation of N4DPH 
for fatty acid synthesis there is reduced lipo- 
genesis. Thus, an enzymatic predisposition 
for lowered FFA production and diminished 
esterification is associated with HCG admin- 
istration, which may account for its action in 
reducing the adipose mass. Why abnormal fat  
deposits are more vulnerable to this treat- 
ment than normal fa t  is still puzzling. 
MacDonald and Barry’s finding that in diet- 
ing humans there is a selective withdrawal of 
fatty acids from adipose depots ( lo) ,  sug- 
gests the possibility of differential susceptibil- 
ities to lipid-mobilizing agents by adipose 



METABOLIC EFFECTS OF HCG 319 

masses whose fatty acid composition are dif- 
f eren t, 
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suggestive of possible control mechanisms 
regulating metabolite flow in either a catabol- 
ic or anabolic direction. 
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