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tissue culture virus and infectious material 
from naturally occurring cases, as well as 
neutralization tests with serum obtairkd from 
naturally and experimentally infected cattle, 
show that this virus is the etiological agent of 
infectious bovine rhinotracheitis. Serum neu- 
tralization tests also indicate that viruses iso- 
lated from different parts of the country are 
closely related antigenically. 

1. Sohroeder, R. J. and M o p ,  M. D., J.A.V.M.A., 

2. McKercher, D. G., Moulton, J .  E., and Jasper, 
1934, v125, 471. 

D. E., Proc. U. S .  Livestock Sanitary Assn. 58th 
Meeting, 1954, 260. 
3. Miller, N. J., J.A.V.M.A., 1055, v126, 463. 
4. McKercher, D. G., Moulton, J. E., Kendrick, 

J. W., and Saito, J., Proc. U. S .  Livestock Sanjtary 
.4ssn. 59th Meeting, 1955, 151. 

.5. Chow, T. L., Deem, A. W., and Jensen, R., ibid., 
1955, 168. 
6. Youngner, J., PROC. Soc. EXP. BIOL. AND MED., 

7 .  Weller, T. H., Robbins, F. C., and Enders, J. F., 
1054, v85, 202. 

ibid., 1949, v72, 153. 

Received January 14, 1957. P.S.E.B.M., 1957, v94- 

Increased Production and Utilization of Circulating Glucose During 
Growth Hormone Regimen.*+ (23072) 

S. ALTSZULER, R. STEELE, J. S. WALL AND R. C. DE BODO 
(FYith technical assistance of C. Bjerknes and P. B. Wedeles) 

Department of Pharntacologg, S. Y. University College of Medicine, and Department oi Biology, 
Brookhaven National Laboratory, Upton, N .  Y .  

Hypophysectomized dogs exhibit extensive 
abnormalities in carbohydrate metabolism 
( 1 ) ,  many of which are reversed by growth 
hormone(2). Large doses of the hormone 
may produce diabetes in the normal dog(3). 
Recently, by application of a technic whereby 
body glucose pool was tagged with CI4 (4). 
it was shown that the unanesthetized hypo- 
physectomized dog in postabsorptive state, in 
comparison with the normal dog, had a 
smaller body glucose pool and lower rate of 
glucose turnover, i.e., glucose inflow from 
liver into plasma, and glucose outflow from 
plasma into tissues ( 5 ) . 

The present study is concerned with effect 
of a growth hormone regimen on turnover 
rate of the glucose pool in the unanesthetized 
hypophysectomized dog, studied with the aid 
of C1* glucose. 

Materials and methods. Adult hypophy- 
sectomized male and female dogs, maintained 
on standard diet (2), were used. The animals 
were 57-850 days postoperative. Growth 
hormone (Lot CsIs; prepared and kindly 
supplied by Dr. Robert Bates) was adminis- 
tered intramuscularly in daily doses of 1' 
mg/kg for 4-5 days, last injection given 18 
hours prior to experiment. The animals were 
in good physical and nutritional state before 
and during injection period. The experiments 
were performed after 17-18 hours fast and 
without anesthesia. A complete description 
of experimental material and procedure has 
been given previously (4). Uniformly labeled 
P4 glucose was administered intravenously 
by initial priming injection, followed im- 
mediately by constant continuous infusion. 
Total amount of glucose administered did not 
exceed 4 mg. Samples of blood were drawn * These investigations were supported by research a t  intervals for determination of concentra- 
tion of plasma glucose and its C1* content. grant -4-113 (C3.C4) from Nat. Inst. of -4rthritis 

and Metabolic Diseases of S.I.H.,  U.S.P.H.S., and 
Plasma glucose content was determined on# by grant-in-aid from -4m. Cancer SOC. and by research 

grant from Eli Lilly Co. aliquots of Somogyi zinc-barium filtrates ( 6 ) ,  
t A part of bhis research was carried out at Brook- Un- 

haven National Laboratow under the auspice of labeled carrier glucose Was then added to 
US. Atomic Energy Comm. other aliquots of the filtrate and glucose was 

by the method of Hagedorn-Jensen(7)- 
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TABLE I. Plasma Glucose Concentration and Glu- 
cose Inflow-Outflow Rates in Normal, Hypophysec- 
tomized and Growth Hormone-Treated Hypophy- 

seetomized Dogs. 

Avg plasma Glucose 
glucose, inflow-outflow, 

Dog status mg % g/ma/hr 

Normal (10)" 107 3.80 3. .19t 
Hypophysectomized (7)  89 2.59 2 .27 
Hypophysectomized 

on growth hormone 
(1 mg/kg, 4-5 days) 

109 3.85 

AL-22 
AL- 3 
AL-16 

" No. of experiments. 
t Mean and stand. error of mean. 
$ Compared with 81 mg prior to growth hormone 

treatment. 

isolated as the phenylosazone derivative. 
Rate of glucose turnover was calculated as 
described previously (4). 

Results. Table I gives average plasma glu- 
cose concentration and turnover rate of body 
glucose in normal, hypophysectomized and 
growth hormone-treated hypophysectomized 
dogs. Composite values for normal and hy- 
pophysectomized dogs were obtained in earlier 
studies ( 5 ) .  The turnover rate is presented 
as grams glucose/m2 body surface area/hr. 
Surface area was calculated according to 
Rhoads, Alving, Hiller and Van Slyke(8), 
using the weight a t  time of experiment. The 
outstanding observation in this study was the 
increase in rate of glucose inflow-outflow dur- 
ing the growth hormone regimen. Thus more 
glucose was released by the liver into the 
plasma and more glucose disappeared from 
the plasma into the tissues. 

Growth hormone treatment in hypophysec- 
tomized dogs also raised plasma glucose con- 
centration to normal or above. Although the 
rise is less apparent for dog AL-22, i t  should 
be noted that hormone treatment elevated 
the glucose concentration 14 mg% above the 
control. The effect of growth hormone on 
glucose pool size remains to be clarified. 

Discussion. The present study demon- 
strates that growth hormone regimen resulted 
in an increased release of glucose from the 
liver and an increased uptake of plasma glu- 
cose by tissues. This was observed during 

growth hormone treatment in normal and 
adrenalectomized dogs as well as in hypophy- 
sectomized dogs. In hypophysectomized dogs, 
as shown here, growth hormone treatment re- 
stored to normal their low rate of glucose in- 

The ability of growth hormone to increase 
glucose inflow from the liver is even more 
striking when considered together with the 
results obtained following insulin injection in 
untreated hypophysectomized animals (9) . 
Thus when an intravenous injection of insulin 
(glucagon-free) increases glucose uptake by 
the tissues, the liver of the hypophysecto- 
mized dog, in contrast to the normal one, is 
unable to increase its glucose output, and 
consequently a prolonged hypoglycemia is ob- 
served. During growth hormone regimen, as 
shown in the present experiments, increased 
uptake of glucose during postabsorptive state 
was associated with increased glucose release 
from the liver. These findings stress the cen- 
tral position of the liver in the growth hor- 
mone action. A similar increased glucose re- 
lease by the liver was obtained with hydro- 
cortisone or cortisone( 10) .$ However, where- 
as in steroid-treated animals the additional 
glucose is probably of protein origin, as evi- 
denced by an increased excretion of urinary 
nitrogen, the growth hormone-induced in- 
crease in glucose release occurs a t  a time of 
diminished nitrogen excretion ( 1 1 ) , increased 
fat mobilization(l2) and while the liver gly- 
cogen is not effectively mobilizable by epine- 
phrine( 13). 

The question may be raised whether the 
increased glucose utilization is associated with 
an increased secretion of insulin. Indeed, 
Randle ( 14) observed an increased plasma in- 
sulin activity in growth hormone-treated ani- 
mals, even during the temporary diabetic 
state. The enhanced glucose utilization and 
increased plasma insulin activity during 
growth hormone treatment are in harmony 
with the findings that growth hormone-in- 
duced nitrogen retention is dependent upon 
adequate glucose utilization (1 5 ) .  The pres- 
ent data suggest that the disappearance of 
insulin hypersensitivity (2), when a hypophy- 

flow-outflow (5).  

~~~~ ~ 

$ Reported in Fed. PYOC., 1956, 3. 
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sectomized dog is kept on a growth hormone 
regimen, involves other factors besides direct 
growth hormone inhibition of insulin action. 

L-sing C"' glucose to label the 
body glucose pool. it was found that growth 
hormone treatment for 4-5 days in the hypo- 
phj-sectoniized dog. resulted in increased rate 
of glucose release by the liver and plasma 
glucose uptake by the tissues. The plasma 
glucose concentrations were also increased. 
The significance of these findings is discussed. 
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Several investigators have demonstrated 
that prolactin is luteotrophic in the rat. Evans 
ct al.( 1 ) reported that prolactin was the only 
anterior pituitary hormone capable of stimu- 
lating luteal function in hypophysectomized 
rats. while Desclin( 2 )  and Mayer and Cani- 
venc( 3 )  found that it prolonged luteal func- 
tion in nornial cycling rats. C'utuly(4) 
showed that prolactin maintained early preg- 
nancy in rats mated and then hypophysecto- 
mized, either before or after implantation of 
the ovum. However. 3layer and Klein(5.6) 
reported that prolactin failed to prolong ges- 
tation in intact rats when injected beginning 

* Dept. o i  Physiolog!. and Pharmacolog!.. Micb. 
State Univ., East Lansing, Mich. This work n a ?  

done during leave of absence, and tenure of U'eiz- 
rnann Fellowship a t  Weizmann Institute, 1955-56. 

t Supported in (part by funds from Population 
Council, Xew York, made available to M.C.S. 

on the 14th or 19th day of pregnancy, and 
continuing until or beyond the normal day of 
parturition. They also found that prolactiii 
did not prolong the life of corpora lutea of 
pre.gnant rats following removal of uterine 
horns, presumably because the luteotrophic 
influence of the placentae was Yemoved. They 
concluded that pituitary prolactin does not 
esert a luteotrophic action in rats during the 
latter half of pregnancy. 

The present experiments were undertaken 
t o  determine the effects of several levels of 
I)urified prolactin on duration of gestation, 
functional activity of corpora lutea and ini- 
tiation of lactation in rats. In general, the 
results show that the prolactin preparation 
used by us prolonged pregnancy and main- 
tained functional activity of the corpora lu- 
tea, without preventing initiation of lactation. 

Methods. One hundred and twenty-four 


