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An Effect of Growth Hormone on Hexose Phosphate Metabolism." 
(30610) 

RUDOLF WEIL, P. P. Ho AND L. E. SCHAEFER (Introduced by A. B. Gutman) 
Nutrition Laboratory, Mount Sinai Hospital, New York City  

In  the course of studies on the effect of 
pituitary growth hormone (GH) on the inter- 
mediary metabolism of carbohydrate ( 1,2,3), 
its influence on the concentration of hexose- 
6-phosphate in muscle was examined. An 
increase in hexose-6-phosphate has been 
shown to occur in muscle after administration 
of epinephrine (4,5,6) and cortisol (7), and 
also in starvation and in diabetes (4,8,9). Re- 
cently, an accumulation of hexose-6-phos- 
phate compounds has been found in the heart 
muscle of hypophysectomized diabetic rats 
treated with bovine growth hormone (BGH) 
and cortisol, while BGH alone did not in- 
duce any significant changes in these metabo- 
lites(7). 

Levels of glucose-6- and fructose-6-phos- 
phate were determined in the skeletal muscle 
of 4 groups of rats. These groups included 
normal animals, normal animals receiving 
GH, hypophysectomized rats, and hypophy- 
sectomized rats receiving GH. The rats were 
given an intraperitoneal glucose load, in the 
fasting state, to provide an adequate amount 
of carbohydrate. This procedure appears in- 
dispensable for detection of an increase in 
hexose-6-phosphate, Since preliminary ex- 
periments in the laboratory(l0) have shown 
that the highest concentration of hexose-6- 
phosphates occurred one hour after the glu- 
cose injection, the 1-hour level was used. 

Materials and methods. Normal female rats 

*This study was supported, in part, by Grad 
HE-000564, Nat. Inst. Health, Bethesda, Md., and 
by an award from the Health Research Council of 
The City of N. Y. 

weighing 200 g, and hypophysectomized fe- 
male rats weighing 150 g, were fasted for 18 
hours and injected with 0.5 g of glucose per 
100 g of body weight, in the form of 10% glu- 
cose in water. One hour later the rats were 
killed by a blow on the head, and 1 g of leg 
muscle tissue was rapidly removed and frozen 
in a Wollenberger clamp cooled in liquid nitro- 
gen( 11). The muscle was pulverized in a 
chilled mortar and extracted with perchloric 
acid, after which the supernatant solution 
was neutralized to pH 7.4(4). Glucose-6- 
phosphate was determined by adding glucose- 
6-phosphate dehydrogenase to the assay mix- 
ture( 12) and by measuring the change in 
optical density at  340 mp. Fructose-6-phm- 
phate was assayed by estimating the increase 
in absorbance after addition of phosphoglu- 
cose-isomerase ( 12 ) . Other groups of normal 
and hypophysectomized rats were injected 
intramuscularly with GHt (1 mg/1001 g) for 
4 days (the last injection 6 hours before 
death) after which glucose-6-phosphate and 
fructose-6-phosphate were assayed in the 
same manner. 

Results and discussion. The results of the 
tests show a significant elevation of the glu- 
cose-6-phosphate level, one hour after glu- 
cose injection, in the skeletal muscle of nor- 
mal rats after GH treatment, when compared 
with the glucose-6-phosphate content of the 
muscle of non-treated controls. The differ- 
ences in the concentration of glucose-6-phos- 
phate were consistent and striking, and the 

t Bovine GH was obtained from the Endocri- 
nology Study Section of N.I.H., Beth&, Md. 
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TABLE I. Glucose- and Fruetose-6-Phosphate in Rat Muscle, With and Without Growth Hor- 

Glucose-6-phos- Fructose-6-phos- 
phate phate 

(rats) NO. Treatment Concentration in bmoles/l g wet muscle 

mone (GH). 

Animal 

1. Normal 12 None 1.11 .22* .16 .04* 
2. ” 13 Glucose load 1.13 .31 .20 .06 
3. )’ 10 Glucose load plus GH 2.05 .26 .27 .06 

5 .  8 Glucose load 1.19 .15 .30 .05 
4. Hypophysectomized 10 None .96 .19 .12 .02 

6. 8 Glucose load plus GH 1.67 .42 .30 .04 
Y Y  

Y 9  

* Standard deviation of the mean. 

P value was less than 0.05. Hypophysecto- 
mized rats demonstrated the same changes 
but to a lesser degree. Elevations of fruc- 
tose-6-phosphate were also noted, but were 
less impressive and not statistically signifi- 
cant (Table I). 

These findings are in agreement with the 
general concept of the effect of GH on glu- 
cose metabolism. It is known that GH, after 
a short initial period of increase in glucose 
utilization, induces an inhibition of glucose 
uptake by muscle as well as an impaired 
glucose tolerance and a resistance to the 
hypoglycemic action of insulin. These facts 
can readily be explained by an increase in 
intracellular glucose-6-phosphate which de- 
presses the phosphorylation of glucose by 
hexokinase within the cell( 13). The result- 
ing accumulation of intracellular glucose (4, 
15) probably impairs the uptake of blood 
glucose by the tissue, although all the neces- 
sary factors for the transport of sugar 
through the cell membrane (insulin, enzymes 
and coenzymes) are readily available. 

The process which leads to the accumula- 
tion of hexose-6-phosphates under the influ- 
ence of BGH, as well as after epinephrine 
or cortisol treatment, has not yet been firmly 
established. An increase in the glucose- and 
fructose-6-phosphate concentration in muscle 
may result from the inhibition of phospho- 
fructokinase (PFK) activity(4,14,16). It has 
been shown that such a block a t  the PFK 
level can be induced by perfusing the isolated 
rat heart with fatty acids, ketone bodies or 
pyruvate. The respiration of these substances 
may lead to accumulation of Krebs cycle 
intermediates, such as citrate which is an 
inhibitor of PFK activity. An increase in 

the citrate concentration has been observed 
in diabetes ( 17) and after epinephrine ( 18) 
and GH( 19,2O) administration. Each of the 
latter 3 conditions is characterized by the 
mobilization of free fatty acids. 

Summary. Glucose- and fructose-6-phos- 
phate were assayed in the skeletal muscle of 
normal and hypophysectomized female rats, 
with and without growth hormone treatment, 
one hour after a glucose injection. The results 
show a statistically significant increase in the 
glucose-6-phosphate content of the muscle of 
rats receiving GH when compared to glucose- 
6-phosphate levels in controls, as well as less 
striking increases in fructose-6-phosphate 
levels. 

The authors gratefully acknowledge the advice and 
counsel 04 Dr. R. Wu, Dept. of Biochemistry, Public 
Health Resear& Institute, N.Y.C. and Dr. G. Lehrer, 
Dapt. of Neurology, Mt. Sinai Hospital, N. Y. C. 
The technical procedures were performed by C. 
Perez, M. Syriste, and L. Lagrand, Nu’trition Labora- 
tory, Mt. Sinai Hospital, N.Y.C. 
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P. GOLDHABER~ (Introduced by R. 0. Greep) 

Departments of Pediatric Dentistry, Oral Histopathology and Periodontology, Harvard School of  
Dental Medicine, and Department o f Orthopedic Surgery, Harvard Medical School and 

Massachusetts General Hospital, Boston 

Previous work has demonstrated that the 
resorption of bone in tissue culture(l,2) is 
accompanied by degradation of bone collagen 
(3,4).  Based on the nature of the degrada- 
tion products and the specificity of the en- 
zymes present in the tissue culture medium, 
i t  was proposed that an enzyme (or enzymes) 
was liberated during bone resorption which 
possessed collagenolytic activity (4) .  A col- 
lagenolytic factor has been recently shown 
to be present in the bones of animals pre- 
viously given parathyroid extract ( 5 ) .  In the 
present study, purified, reconstituted H3-pro- 
line- and H3-hydroxyproline-labeled collagen 
fibrils were added to an in vitro culture sys- 
tem. These experiments provided direct evi- 
dence that a collagenolytic factor is released 
during active bone resorption. 

Experimental. Preparation of Hs-hydroxy- 
proline and Hs-proline-labeEed guinea p ig  skin 
collagen. Guinea pigs weighing approximately 
150 g to 175 g were injected intraperitoneally 

*This inyestigation was supported in part by 
grants from USPHS, Nat. Inst. Health (DE-01298, 
AM-06375), and  John A. Hartford Foundati'on, Inc. 

t Supported by USPHS Training Grant, Nat. Inst. 
Denltal Research, Nat. Inst. Health (5-Tl-DE-112). 

$ Supported by USPHS Career Development 
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with 3 millicuries of chromatographically pure 
H3-proline after they had shown a consistent 
weight gain for 3-4 days. A second injection 
of 3 millicuries of H3-proline was adminis- 
tered intraperitoneally 3 hours later and the 
animals were sacrificed 9 hours after the 
first injection. The skins were removed in 
the cold room ( 2  "C) and kept cold during 
mincing. They were extracted with cold, 1 M 
NaCl solution, 0.05 M Tris, pH 7.4 (15 ml/g 
wet weight of tissue) 48 hours. The super- 
natant was separated from the skin residue 
by filtration through several layers of cheese 
cloth, filtered through medium- and then fine- 
sintered glass filters and completely clarified 
by centrifugation at  30,000 rpm for 3 hours 
in a Spinco Model L Ultracentrifuge. The 
clear, cold viscous supernatant was then acidi- 
fied to pH 3.0 with acetic acid which resulted 
in a flocculent precipitate. This was centri- 
fuged at low speed, resuspended in 0.3 M 
acetic acid and dialyzed at  2°C against 0.3 
M acetic acid. The solution was clarified by 
ultracentrifugation as described and the clear 
supernatant made to a final concentration of 
5% NaCl by the slow addition of concen- 
trated NaCl solution. The resultant floccu- 
lent precipitate was harvested by low speed 
centrifugation, resuspended in 0.3 M acetic 


