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Blood Glucose and Corticolsterme Changes Accompanying Altered 
Lipid Metabolism Induced by Exposure to Acceleration Stress. 

(30742) 

D. D. FELLER AND E. D. NEVILLE 
Environmental Biology Division, Ames Research Center, NASA,  Moflett Field, Calif. 

In studies reported earlier ( 1 ) , some marked 
changes in fatty acid metabolism of tissues 
were noted in animals exposed to acute radial 
acceleration stress. These changes were ex- 
pressed as an increase in the conversion of 
radioactive acetate to lipids by slices of liver, 
adipose tissue, and kidney from animals ex- 
posed to stress. The magnitude of the re- 
sponse was related to the age of the animal, 
to its nutritional status with regard to feed- 
ing or withholding food, to the duration of 
exposure time, and to G-load. 

The experimental design of this early work 
involves in vitro techniques on tissues re- 
moved from the animals after exposure to 
stress. This procedure indicates residual hor- 
monal or blood chemical changes produced by 
stress. Thus, observations on changes in lev- 
els of blood glucose or plasma corticosterone 
levels are essential for a better understanding 
of some of the sequential effects of exposure. 
The present study correlates blood component 
changes with metabolic and chemical changes 
in the tissues. 

Methods. A 10 radial-armed centrifuge 
having an effective operating radius of 4.5 
feet was employed. The cages were mounted 
in the swing-bucket fashion, allowing for one 
degree of freedom which placed the resulting 
G-vector perpendicular to the cage floor. The 
centrifuge was illuminated with fluorescent 
light automatically timed to provide on and 

off cycling a t  6 :OO a.m. and 6:OO p.m., re- 
spec tively . 

Nine-week-old Sprague-Dawley rats (2 2 5- 
250 g) ,  maintained on Purina Laboratory 
Chow, were centrifuged a t  4.7 g for varying 
time exposures. Noncentrifuged rats served 
as controls. Food was removed from the 
cages 24 hours prior to sacrifice. Hypophy- 
sectomized, adrenalectomized, and adrenode- 
medullated rats (Simonsen Laboratory, Gil- 
roy, Calif.) were operated on when 6 weeks 
of age and were kept in the laboratory for 3 
weeks prior to experiment. Hypophysecto- 
mized rats were given 5% glucose for drink- 
ing purposes during the first week after sur- 
gery and thereafter received whole-wheat 
bread, regular diet, and water. Adrenalecto- 
mized rats received 0.9% saline in place of 
water. Adrenodemedullated rats were main- 
tained on regular diet. Plasma glucose(2) 
and plasma corticosterone(3) were deter- 
mined on heparinized blood obtained from de- 
capitated rats. Blood glucose( 2 )  was deter- 
mined on heparinized samples obtained from 
heart puncture performed under ether anes- 
t hesia. 

Liver obtained from decapitated rats was 
cut into 0.5-mm slices with a mechanical tis- 
sue chopper (4) .  One gram of the slices was 
transferred to a 50-ml screw cap incubation 
flask ( 5) containing 10 ml of Krebs-bicarbo- 
nate buffer a t  pH 7.4. The medium contained 
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FIG.  1. E f f w t  of tinit. of csposiirt' to 4. i  g (c.sl)~riint.iit;il~ oil to ta l  lipid coiiteiit i n  liver 
aiid on coilversion of :icetate-l-C" to  f a t t y  acids i n  liver slices froin fasted 9-meek-old rats 
exposed t o  4. i  g. Each value rcprweiits 111raii & SE of 8 a~iim;ils. 

FIG. 2. Effect of tiiw of c~sposiire~ to 4 . i  {I  (c*speri~iieiital) on plnsiiia corticostrrone a i d  
blood glucose fro111 f:istcLd 9-wcck-old ra t s  c>sposetl to  4. i  g.  Each value represents mean t 
SE of 8 aniiiids. 

0.01 M succinate, 0.011 JI glucose, and 10 pc 
of 0.001 M sodium acetate-l-C14. Tissue was 
incubated for 3 hours at  37.5"C in a shaker 
bath in an atmosphere of 957. O2 and 5% 
CO,. The reactions were stopped by addition 
of 0.2 ml of 10 N H&O, to the incubation 
media. The C02  fraction was collected with 
1 ml of 2.5 N NaOH added to the removable 
center well. Chemical and radioisotope assays 
were performed as reported earlier ( 1) .  

Results. The conversion of a ~ e t a t e - 1 - C ~ ~  
to CO?, nonsaponifiable lipids, and fatty acids 
by slices of liver from rats exposed to 4.7 g 
of acceleration for periods varying from 1 to 
24 hours was measured. Centrifugation stress 
had no significant effect on the conversion of 
acetate to nonsaponifiable lipids or to CO:! 
for any of the exposure periods studied. The 
effect of centrifugation on conversion of ace- 
tate to fatty acids by liver slices is shown in 
Fig. 1. When the data were treated by the 
analysis of variance, significant differences in 

incorporation to fatty acids were noted a t  5, 
8, and 24 hours. For these time periods, val- 
ues for conversion of acetate-1-Cl4 to fatty 
acids were 0.29-0.33'?/0 per g of liver slices 
compared to control values of 0.10-0.20%. 
Fig. 1 also shows a significant lowering of fat 
content from the control value of 3.970 to 
2.8% in liver from rats exposed to 24 hours 
of centrifugation. 

In Fig. 2 are shown the changes occurring 
in blood glucose and plasma corticosterone 
levels as a function of exposure time. Blood 
glucose level rises a t  a half hour to a value of 
240 mg/100 ml then falls to 1401 mg/lWI ml 
after 3 to 4 hours of centrifugation followed 
by a rise. All values for the blood glucose of 
experimental rats were significantly higher 
than values from control animals. The pat- 
tern for the plasma corticosterone curve is 
similar to that of blood glucose in that an 
initial rise to a maximum was noted from a 
control value of 35 pg/1010 ml to a peak of 81 
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,ug/lOQ ml within 1 hour after centrifugation. 
By the third hour after centrifugation, this 
level fell to a value that was found not signi- 
ficantly different from the control value. As 
centrifugation stress continued the plasma 
corticosterone levels rose gradually to a value 
of 60-65 pg/lOO ml in the period of 8-24 
hours. 

Effects of surgical removal of pituitary, ad- 
renal or adrenal medulla on plasma glucose, 
plasma corticosterone, and conversion of la- 
beled acetate to fatty acids and COa in liver 
slices from rats centrifuged a t  4.7 g for 3 
hours are shown in Table I. Centrifugation 
stress produced a significant increase in fatty 
acid synthesis in liver obtained from normal 
and adrenodemedullated groups. Plasma glu- 
cose levels from these two groups were also 
elevated following centrifugation. No response 
in fat synthesis was noted for the hypophy- 
sectomized or adrenalectomized rats nor was 
plasma glucose or plasma corticosterone found 
to be elevated. For noncentrifuged rats, con- 
version of acetate to fatty acids by liver 
slices from hypophysectomized rats was 
0.1 3 o/c which compares favorably with 0.14 % 
for normal noncentrifuged rats. However, a 
depression in fat synthesis values to 0.08% 
was noted for adrenalectomized animals. 

Centrifugation produced no alteration in 
conversion of acetate-1-Cl4 to C 0 2  in normal 
or surgically-treated rats (Table I). Thus, 
the effects noted for conversion of acetate to 
fatty acids caused by exposure to centrifu- 
gation are not the result of altered substrate 
pool concentrations. 

Discussion. Other work has shown changes 
in carbohydrate metabolism( 6)  and protein 
metabolism( 7 )  in rats exposed to centrifuga- 
tion for various periods. Oyama and Platt 
(6)  have demonstrated increases in liver 
glycogen which were preceded by a rise in 
plasma glucose and plasma corticosterone lev- 
els. The glycogen deposition was attributed 
to an increased elaboration of adrenal cor- 
ticosterone, as indicated by elevation of plas- 
ma corticosterone levels. Removal of the ad- 
renal or the pituitary glands eliminated the 
glycogen deposition response in stressed ani- 
mals. On the other hand, stimulation of liver 
protein synthesis induced by exposure to ac- 
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celeration stress was shown to occur in adre- 
nalectomized or hypophysectomized rats ( 7 ) .  
In this case, the evoked response of protein 
synthesis in subcellular fractions obtained 
from liver of rats exposed to 4.7 g for 3 hours 
was independent of adrenal or pituitary ac- 
tion. 

The nature of the plasma corticosterone 
and blood glucose curves indicates the tem- 
poral dependence of the sequence of events 
following induction of the stress. The begin- 
ning of the centrifugation is followed immedi- 
ately by a rise in both these blood compo- 
nents, resulting from the initial antagonism 
to the animals’ intermediary metabolism. This 
is followed by a mobilization of body fuels 
resulting in deposition of liver glycogen and 
transport of fat presumably from adipose tis- 
sue to liver( 6 ) .  At the 2-3-hour period there 
is an apparent reduction of supply of cortico- 
sterone or an inhibition of its release which 
is reflected by lowering of plasma levels. The 
blood glucose level is diminished at  this time. 
As exposure continues and the animals be- 
come somewhat adapted, the blood glucose 
and plasma corticosterone rise. It is during 
this second rise that the predominant changes 
appear to be at the expense of altered tissue 
lipids as well as a changing pattern for syn- 
thesis of lipids. Thus, after 5 hours of centri- 
fugation there is a significant increase in con- 
version of acetate to fatty acids with no ap- 
parent change in conversion in either COz or 
nonsaponifiable lipids. Finally, after 24 hours 
of exposure to centrifugation the liver lipids 
have been reduced significantly in concentra- 
tion. In other work(8) where the animals 
have been exposed to centrifugation for peri- 
ods up to 15 months, the pattern for fat me- 
tabolism has changed so that the primary al- 
teration is at the expense of conversion of 
acetate to nonsaponifiable lipids. After these 
very prolonged exposures, there is no appar- 
ent change in synthesis of fatty acids from 
acetate. 

Removal of the pituitary gland reduced 
plasma corticosterone levels to near zero val- 
ues and abolished the stress-induced increase 
in plasma glucose or fat synthesis. Absence 
of circulating corticosterone caused by abla- 
tion of the adrenal gland resulted in the same 

findings observed for hypophysectomized rats 
and in addition reduced hepatic lipogenesis 
as measured by incorporation of acetate to 
fatty acids. These findings suggest that the 
role of the adrenocortical system in regulating 
the hepatic lipogenetic response to centrifu- 
gation stress involves changes in supply of 
glucose to tissues as well as a more direct role 
of conversion of low-molecular weight me- 
tabolites at the level of the tricarboxylic acid 
cycle to fatty acids. The findings of Abraham 
et d( 9)  that citrate-cleavage enzyme shows 
reduced activity in preparations obtained 
from livers of adrenalectomizd rats lend cre- 
dence to this hypothesis. Nejad and Chaikoff 
(10) observed reduced conversion of glucose 
to fatty acids in liver slices from hypophy- 
sectomized and adrenalectomized rats, but 
observed no reduction in conversion of ace- 
tate to fatty acids in hypophysectomized rats 
(1  1 ) ,  which is a finding confirmed here. 

The importance of circulating glucose as 
regulated by the adrenal and other endocrine 
glands, and the role that corticosterone plays 
in directly regulating the stress-induced 
changes in fat metabolism are presently un- 
der investigation as a continuation of this 
study. 

Summary. Fasted, male, Sprague-Dawley 
rats were exposed to 4.7 g for periods of time 
up to 24 hours. Plasma glucose, plasma cor- 
ticosterone, liver lipids, and incorporation of 
acetate-l-C14 into fatty acids in liver slices 
were followed in rats exposed for periods of 
1-24 hours. Plasma glucose and plasma cor- 
ticosterone curves were bimodal showing an 
early maximum during the first 3 hours of 
exposure and rising after 5 hours through the 
24-hour study. During the second rise the 
greatest changes in lipid metabolism were 
noted as a decrease in liver lipid and an in- 
crease in fatty acid synthesis. The responses 
evoked by the stress were abolished by hy- 
pophysectomy or adrenalectomy. It is con- 
cluded that changes in fat metabolism in- 
duced by acceleration stress were mediated, 
in part, by changes in levels of circulating 
glucose, corticosterone, or the interaction of 
both. 
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Evidence of an Insulin Inhibitor i n  H u m a n  a n d  Rat Serum." (30743) 

AGNES M. HUBER AND STANLEY N. GERSHOFF (Introduced by Frederick J. Stare) 
Department of Nutrition, Harvard School of Public Health, Boston, Mass. 

A number of in vitro methods using iso- 
lated rat diaphragm or epididymal fat pad 
have been described and extensively used in 
determination of serum insulin ( 1,2,3,4). 
These methods are not specific for insulin and 
values obtained are usually reported in units 
of insulin-like activity. Recent reports have 
suggested( 5,6) that insulin circulates in blood 
as a free form similar to crystalline insulin 
with a molecular weight of approximately 
60100 and a bound form with a molecular 
weight of approximately 601;0001 to 1~,000. 
Isolated diaphragm assays only estimate free 
serum insulin while adipose tissue assays de- 
termine both free and bound insulin. 

This difference in the activity of diaphragm 
and epididymal adipose tissue probably ac- 
counts for some of the discrepancies reported 
in assays of insulin-like material by dia- 
phragm and adipose tissue. A further diffi- 
culty in the assay of insulin has been encoun- 
tered with diluted sera which show a far 
higher insulin-like activity than undiluted 
sera. This has been observed by Groen et aZ 
(7), Randle(8), and Willebrands et aZ(9), 
using the rat diaphragm assay. It was also 

*Supported in part by grants-in-aid from Nat. 
Inst. of Arthritis and Metab. Dis. (AM-03056) and 
the Fund for Research and Teaching, Dept. of Nu- 
trition, Harvard School of Public Health. 

observed and discussed by Sheps et aZ(10) 
and Ball and Merrill(4) for insulin assays 
performed on the epididymal fat pad of rats. 
These reports suggested that there might be 
an inhibitor of insulin-like activity present in 
serum. 

The following experiments provide addi- 
tional evidence that human and rat sera con- 
tain an inhibitor of insulin activity and that 
this inhibitor may be removed by dialysis. 

Experimental. Human sera were obtained 
from 9 normal subjects. Rat sera were ob- 
tained from adult rats on a purified control 
diet by pooling blood, taken under ether anes- 
thesia from the inferior vena cava and centri- 
fuged. The sera were refrigerated and were 
used as soon as possible. To remove inhibi- 
tor, the sera were dialyzed in Visking casing 
against 1010 times their volume of Krebs- 
Ringer bicarbonate buffer, p H  7.4 at  3"C, 
over night. 

Insulin activity was determined on rat epi- 
didymal fat pads using the manometric War- 
burg technique of Ball et  aZ( 3 ) .  To the War- 
burg vessels were added two ml of serum con- 
taining 3 mg per ml of glucose to which uni- 
formly labeled glucose was added to give a 
final concentration of 0.08 pcuries per d. 
To some sera, 1 or 0.5 mUnit of crystalline 
insulin per rnl was added. The blank flasks 


