689

Effect of Hypophysectomy and Growth Hormone on Glucose Uptake by Rat

Epididymal Fat Tissue.*
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The effect of hypophysectomy and of
growth hormone on carbohydrate utilization
has been the subject of numerous studies,
both én vivo and in vitro. A critical analysis
of such investigations appeared recently
(1,2). The in wvitro studies, performed
mainly on the cut rat diaphragm, gave con-
flicting results in that some workers reported
that diaphragms from hypophysectomized
rats took up more glucose than normal dia-
phragms(3-5), while others found a dimin-
ished(5) or normal(6) uptake. More re-
cently, it has been reported that the uncut
“intact” diaphragms(7) or perfused hearts
(8) of hypophysectomized rats took up less
glucose than the respective tissues of nor-
mal rats.

The present studies have extended these
investigations to rat epididymal fat tissue.
This tissue is very active metabolically and
is sensitive to insulin(9). The glucose up-
take by epididymal fat pads excised from
normal, hypophysectomized and growth hor-
mone-treated hypophysectomized rats was
determined. In addition, the effect of serum
from these animals on glucose uptake was
determined in an attempt to correlate it with
the changes in glucose uptake by the excised
tissues.

Materials and methods. Epididymal fat
tissue was obtained from normal and hypo-
physectomized male Sprague-Dawley: rats
(purchased from Hormone Assay Labora-
tories, Inc.), weighing 150-225 g and fed ad
lib. The hypophysectomized animals were
used 7-21 days following operation. Animals
receiving growth hormone were injected with
30 pg of bovine growth hormone, i.p., (Somar
A, Lot R50109; gift of Endocrinology Study
Section, Nat. Inst. of Health) 24 hr prior to
sacrifice. The animals were decapitated and
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their blood was collected and allowed to clot.
Serum was removed, pooled, and frozen for
later use. Each epididymal fat pad was re-
moved quickly, cut into 2 or 3 sections weigh-
ing 50-100 mg, and put into preweighted
vials containing 1 ml of Krebs-Ringer bi-
carbonate buffer (pH 7.4) with a glucose
concentration of 100 mg %. Vials were im-
mediately reweighed to determine tissue
weight. They were then incubated for 2 hr
at 37°C with constant shaking. A control
vial, containing the incubation medium, but
no fat tissue, was also incubated. At the
end of incubation, the vials were placed in an
ice bath to terminate further glucose uptake.
The glucose concentration of each sample
was determined in aliquots of Somogyi zinc-
barium filtrate(10), by the method of Nel-
son(11). Glucose uptake is expressed as ug
glucose disappearing/g tissue/hr incubation
time. The effect of serum on glucose uptake
was measured by incubating epididymal fat
tissue from normal rats with the test serum
and comparing glucose uptake from the se-
rum with glucose taken up from the glucose-
buffer solution. Each serum sample was as-
sayed against a control glucose-buffer sample
using fat tissue from the same animal.

Results. The effect of hypophysectomy
and growth hormone treatment on glucose
uptake by rat epididymal adipose tissue is
shown in Fig. 1. Glucose uptake by adipose
tissue from the hypophysectomized animals
was 733 =+ 39 ug/g/hr. This is a significant
(P = <0.01) decrease from the glucose up-
take by normal tissue which is 1165 =+ 88
rg/g/hr. A single injection of growth hor-
mone (30 ug) in hypophysectomized animals,
24 hr prior to sacrifice, increased significantly
(P = <0.01) the glucose uptake by the ex-
cised fat pads to 970 =+ 60 ug/g/hr.

The effect of serum from hypophysecto-
mized and growth hormone-treated hypophy-
sectomized rats on glucose uptake by normal
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FlG. 1. Glueose uptake by epididymal fat tissue
of mormal (N), hypophysectomized (H), and
growth hormone-treated hypophyseetomized (H +
G.H.) rats. Uptake is expressed as ug glucose dis-
appearing/g adipose tissue/hr incubation. Num-
bers in parentheses represent No. of experiments.
S.E.M. — Stand. error of the mean.

FIG. 2. Effect of sera from normal (NS8), hypo-
physectomized (HS), »nd growth hormone-treated
hypophysectomized (HS 4 G.H.) rats on glucose
uptake by normal epididymal fat tissues. Aetivity
is expressed as % inerease in glucose uptake above
that observed in glucose-buffer medium. Numbers
in parentheses represent No. of experiments.

fat tissue is shown in Fig. 2. Values are ex-
pressed as % increase in glucose uptake over
that obtained with normal fat pads incubated
in glucose-buffer media. Glucose uptake in
the latter was 1025 =+ 94 ug/g 'hr. It is
evident that the sera from normal animals in-
creased glucose uptake by 41% above con-
trol level. The sera from hypophysectomized
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rats, fed ad lib., increased glucose uptake to
the same extent as those from normal rats.
Likewise, the single injection of growth hor-
mone did not influence the effect of sera on
glucose uptake.

Discussion. The observed diminished glu-
cose uptake by the fat tissue of the hypophy-
sectomized rat agrees with the recent find-
ings that the excised “intact” diaphragm(7)
and the perfused heart(8) of the hypophy-
sectomized rat take up less glucose than the
respective tissues of normal rats. It is also
in harmony with the iz vivo findings of Steele
et al.(12) that in the hypophysectomized dog
in the steady postabsorptive state, rate of
endogenous glucose removal from the plasma
is lower than in the normal dog.

The decreased uptake of glucose by the
tissues of the hypophysectomized animal can-
not be ascribed at present to a deficiency of
any one specific hormone. The characteris-
tic atrophy of the thyroid glands found in
these animals, results in an over-all decrease
in metabolism, which may contribute to the
observed decrease in glucose uptake by the
excised adipose tissue. It is also probable
that the decreased uptake of glucose reflects
a compensatory decrease in insulin secretion.
Supporting this possibility is the demonstra-
tion of atrophy(13) and decrease in size of
the Golgi bodies(14) of the pancreatic beta
cells of hypophysectomized rats.

The present finding that administration of
growth hormone to the hypophysectomized
rat increases the low glucose uptake of the
excised epididymal fat tissue is in agreement
with the in vivo observation by Altszuler et
al.(15,16) that in the hypophysectomized
dog a growth hormone regimen increases rate
of uptake of plasma glucose by the tissues,
concomitant with an increase in hepatic glu-
cose production. The increased uptake of
glucose by the tissue of these growth hor-
mone-treated animals may be due to in-
creased insulin secretion. There is substan-
tial evidence that growth hormone stimu-
lates secretion of insulin (for references see
17). However, growth hormone administra-
tion was shown also to lower blood glucose
concentration in acutely depancreatized dogs
(18) and hypophysectomized-eviscerated
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rats(19). Also, addition of growth hormone
in vitro increases glucose uptake by the dia-
phragm from normal(20) and hypophysecto-
mized (19) rats and by epididymal fat tissue
from normal rats(21).

The present studies reveal that sera from
hypophysectomized rats increase glucose up-
take by normal epididymal tissue to the same
extent as sera from normal rats. Since the
ability of serum to increase glucose uptake
by fat tissue has been utilized as an index
of “insulin-like” activity (22) it would appear
that sera of hypophysectomized animals have
the same activity as sera from normal ani-
mals. This finding is at variance with that
of Randle(23), who reported that in a ma-
jority of his hypophysectomized rats no in-
sulin activity could be detected in the plas-
ma. The absence of insulin activity is not
readily explainable, since his rats were not
fasted and insulin was presumably being se-
creted. In view of the lack of specificity of
the aforementioned method of insulin assay,
it is feasible that extirpation of the pituitary
gland may remove or reduce the effectiveness
of contra-insulin agents, thereby giving the
appearance of a normal insulin-like activity,
even though the actual amount of insulin in
the serum may be reduced.

The lack of change in the effectiveness of
serum to increase glucose uptake observed at
24 hr following injection of growth hormone
agrees with findings of Randle(23). This
does not necessarily dispute the possibility
that growth hormone increased secretion of
insulin, and that this was responsible for the
increased uptake by excised fat tissue.. Since
90% of the injected insulin is cleared from
the serum within 20 minutes(24,25) and is
no longer detectable within 60 minutes(25),
it is conceivable that any insulin released as
a result of the growth hormone injection may
have been cleared from the serum in the 24-
hr period following the injection.

Summary. The epididymal fat tissue from
hypophysectomized rats took up a signifi-
cantly smaller amount of glucose than did
the normal tissue. A single injection of bo-
vine growth hormone into hypophysecto-
mized rats increased glucose uptake by epi-
dymal fat tissue excised 24 hr later. Sera
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from hypophysectomized and growth hor-
mone-treated hypophysectomized rats in-
creased glucose uptake by normal fat tissue
to the same extent as sera from normal ani-
mals.

The authors gratefully acknowledge the helpful
contributions made by Dr. Richard C. de Bodo.
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Dodd et al.(1) reported specific inhibition
of Rh, (D) antibody by sialic acids. We
proposed to examine this inhibition using
various neuraminic acid derivatives with Rh,
(D) saline antibodies and to investigate the
effect of neuraminidase, an enzyme which
will remove sialic acid from ervthrocytes, on
agglutination of the cells by specific anti-
serum.

Materials and methods. N-acetvineura-
minic acid (NANA4) was prepared from hu-
man blood plasma according to Martensson
et al.(2). Crystallization from glacial acetic
acid yielded crystals with a melting point of
184-185°C. No glvcolic acid could be de-
tected by the method of Klenk and Uhlen-
bruck(3). The material moved as a single
spot when analyzed by paper chromatog-
raphy in the following solvents: butanol:
acetic acid:water (4:1:5). Rf 0.32: butanol:
propanol:0.1 N HCI (1:2:1). Rf 0.45. Crude
bovine sialic acid (1) was prepared from
mucin of bovine submaxillary glands accord-
ing to Blix ¢t al.(4). The dried mucin was
suspended in water, sialic acid was liberated
by acid hydrolysis and isolated by ion ex-
change chromatography(5). This material
assayed 74% NANA by the resorcinol reac-
tion(6). When examined by paper chro-
matography, 3 components reacting as sialic
acid were observed. A small amount of nin-
hydrin-positive material was also present.
The fastest-moving sialic acid component
was identified as N,O-diacetylneuraminic
acid by the fact that on further acid treat-
ment it was converted to NANA and also

* This investigation was supported by Nat. Inst.
Health Grant and by Division of Mental Hygiene
and Correction, State of Ohio.

gave a hydroxamic acid test for esters. Ac-
cording to glycolic acid analysis, the material
contained 14% N-glycolylneuraminic acid
(NGNA). Crystalline bovine sialic acid was
prepared from crude bovine sialic acid (I)
by crystallizing it twice from methanol-ether
and once from glacial acetic acid. This ma-
terial had a melting point of 186-187°C. Ac-
cording to glycolic acid analysis the material
contained 16% NGNA. Two distinct spots
were observed when the crystals were ana-
lyzed by paper chromatography in butanol:
propanol:0.1 N HCl. The two spots were
identified as NANA, Rf 0.45, and NGNA,
Rf 0.34. Crude bovine sialic acid(11) was
prepared by dissolving bovine submaxillary
mucin in water and heating at 100°C for 30
minutes. The liberated sialic acid was iso-
lated by methanol extraction(4). This ma-
terial contained 61% NANA and 9%
NGNA. It showed 5 components reacting as
sialic acid when analyzed by paper chroma-
tography. Three components were identified
as NANA, NGNA, and N,0O-diacetylneura-
minic acid. The other 2 components are re-
ported by Blix(7) to be triacetylneuraminic
acid and an isomerization product. Porcine
sialic acid was isolated from porcine submax-
illary mucin according to Blix(6). The ma-
terial contained 63% NANA and 45%
NGNA. It showed NANA and NGNA spots
by paper chromatography. Human brain
gangliosides were isolated from acetone pow-
ders of fresh human grey matter by extrac-
tion with methanol-chloroform (2:1), solvent
distribution according to Folch et al.(8), di-
alysis and finally silicic acid chromatography.
The final product contained 23% NANA,
31% hexose (as galactose), 5.5% hexosa-





