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The glucose analogue 2-deoxy-I)-glucose {2-1X5) was used as 
a means of producing intracellular bypoglycemia in eight normal 
male volunteer subjects during a control period, immediately fol- 
lowing their initial exposure to acceleration (acute acceleration) 
and following a fourth acceleration exposure (chronic accelerv 
tion). Plasma glucose, free fatty acids, serum tmmunoreactive 
growth hormone, plasma cortisol and urinary epincphrine and 
norepinephrine were measured prior to and following the infu- 
sions of 2-1X3. There were significant depressions in glucose, 
urinary epinephrine, cortisol and free fatty acids following acceler- 
ation thai ver* not seen when compared to basal, un-provoked 
levels. Even with the modest acceleration stresses used in this 
study discernible changes in gluco-regulatory hormone reserves 
were unrovered. 

Present address of Richard L. Lipman, M.D., is Department 
of Medicine, University of Miami School of Medicine, Box 875, 
Biscayne Annex, Miami, Florida, 33050. 

rpHE HEMODYNAMIC and cardiovascular adapta- 
-■■ tions to acceleration forces have been well described 

in man. Considerably less data, however, are available 
regarding metabolic and endocrine changes. With the 
design of new high-performance aircraft as well as in 
exit and re-entry phases of spate flight, crewmen are 
being exposed to higher and -nore sustained acceleration 
exposures. Previous studies in which metabolic sub- 
strates and hormones were measured have been confined 
to evaluating basal, fasting pre- and post-acceleration 
values. Meyer6 reported elevations in blood sugar dur- 
ing take-off and landings in the XF-IOOF aircraft which 
were attributed to epinephrine release secondary to the 
stress of acceleration. This has been confirmed by 
Goodall2 who found elevated urinary catecholamines 
during and after acceleration. Other investigators have 
measured parotid 17-hydroxyco cicosteroids during take- 
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Fig. 2. Plasma free fatty acid (F.F.A. ) response »o 2-DG in- 
fusion after acute and chronic acceleration. (Mean ± S.E.M.) 
*—* refers to significant pairs. 
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Fig. 3.   Mean (± S.E.M.) fasting, post-acceleration plasma 
Cortisol. 
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off and landings in aircraft'" as well as Mood ADH con- 
centrationsT following accflcTalion. Common to all of 
these studies, however, has been the reliance on basal 
hormone concentrations either during or following ac- 
celeration without the use of provocative tests that are 
capable of detecting subtle changes in hormonal reserve. 

The present study evaluates pituitary and adrenal 
hormone reserve in man immediately following gravita- 
tional stress. The glucose analogue 2-deoxy-n-gIiicoso 
(2-DG) was used to stimulate pituitary and adrenal 
hormone release as described previously.'" The 2-DC 
administration in humans results in a state of intracellu- 
lar glucopenia with subsequent reproducible elevations 
in plasma glucose, frei- fatty acids growth liormone, 
cortisol and catecholamines. The subjects were tested 
after their initial exposure to the centrifugation (acute 
acceleration) and after their fourlh exposure (chronic 
acceleration). 

METHODS AND MATERIALS 

Eight normal, male volunti-er basic airmen, ages IS to 
21 years old. were studied. All were within ' T of thefr 
ideal weights and had negative family histories for dia- 
beU-s meüitus and normal oral glucose tolerance tests. 
The rubjecis were 14 hours post-absorptive at the time 
of each study. Their daily diet was constant aud con- 
tained 300 grams of carbohydrate. Each subject served 
as his own control throughout the study, four subjects 
bein;; studied at one time-. The study was divided into 
two parts: First, a five-week conirol period established 
each subject's baseline response to weeklv infusions of 
2-DC; second, the acceleration period in which four 
sepajate acceleration exposures occurred over a two- 
week period with the 2-DC infusions taking place im- 
mediately following the first (acute) and fourth 
(chronic) acceleratio!. exposures. 

The 2-deGxy-D-gIiicose solution was prepared in 
sterile, chstiiled water and passed through a 45/t Milli- 
pore filter into sterile bottles. Small samples oi' material 
were cultured on appropriate cisitiire mec'ia and verc 
alwajs free of bacterial contamination. Fifty mg. of 
2-DC per/kg of body weight were diluted to 100 nil. 
with normal saline immediately p. ior to each infusion. 
A large catheter was placed in a brachial vein for the 
purpose of administration of the 2-IX. solution md for 
obtaining blood samples. After obt?iaing blood samples 
15 minutes and immediately prior to the 2-I3C infusion, 
the 2-DC soiution was infused at a constant rate for 30 
minutes via an infusion pump. Blood was obtained 60 
minutes, 105, and 150 minutes after the start of the 2-DG 
infusipn for the detennin ition of plasma glucose, free 
fatty "acids, cortisol and ser "in immunoreaclive growth 
hormone. Urine was collected from the start of the in- 
fusion and for a total of 6 hours for the determination 
of urinary epinephrinc and norepinephrine. The blood 
samples were stored in ice, centrifuged in a refrigerated 
centrifuge and kept fro/en at 15 C. The urines were 
preserved in hydrochloric acid and refrigerated until the 
following day at which time the analyses were per- 
formed. Plasma glucose was determined on the Auto- 
Analyzer using the potassium  ferrocvanide-potassium 
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forricyanid«" mt-tliod ^ Free acids were dt-tcrmincd l>y 
the method of Dole." Plasma cortisol was determined 
by a simplified fliioromctric methüd.' Senim immuno- 
reactive growth hormone was done in duplicate by the 
method of i-an et al.' Urinary epinephrine and nor- 
epinephrinr- were cjetermincd bv the method of \'OR- 
Euler and Lishajko.* 

The expi'rimenlal acceleration profile on the human 
centrifuge for each subject involved a rapid onset accel- 
eration to 2G, holding at 2G for 30 seconds, and then 
accelerating in 0.5C increments up to a maximum of 4G 
with a plateau al the 0.5G stages bei'.g held for 30 sec- 
onds each. N'ormaDy, an end point of peripheral light 
loss occurred during some portion of the 4G stage; 
however, several subjects were able to continue the full 
30 seconds at this stage wiih no visual impairment. 
However, the purpose of the exposure was to have a 
reproducible exposure time and not j arlieularly to ex- 
pose the man to a blackout episode in \vl>Hi the run, by 
necessity, would hi- halted. The subject-, were seated 
upright in a standard fighter aircraft seat with the 
inertial vector acting in a head-to-foot direction (-f G, 
acceleration). They were encouraged to relax as much 
as possible during the exposure and intermittently dur- 
ing the run were offered random peripheral and central 
lights which they responded to by turning off with finger 
control switches. This acceleration period was repeated 
four times during the two-week interval on each subject. 
All of the acceleration sessions and subsequent infusions 
of 2-DC were done in forenoon, fasting state. Analyses 
of variance for randomized groups were done and when 
significant F values were obtained, paired "t" tests be- 
tween individual groups were then performed. The level 
of significance was set al the 0.05 level throughout the 
study. 

RESULTS 

Plasma Clucoie Respmtses to Acutp and Chronic Ac- 
celeration—The mean plasma glucose concentrations 
prior to and following tbe 2-DC infusions during the 
control period and after the 'nüial and 4th acceleration 
sessions are display>-d in Figure I. There were no sig- 
nificant changes in mean fasting p-a^ms glucose con- 
centrations prior to the 2-DC infusions when control 
and accek-ration data wen- compared. However, there 
were signiucant decreases in the mean plasma glucose 
response at the 60, 105, and 150nrimite sampling periods 
following 2-I3G administration after the acute accelera- 
tion and at the 105 and 150 minute period after the 
chronic acceleration as compared to the control response. 

Free Fa//« AcUl (FFA) ficspon.se to Acute and Chronic 
Accelerction—Mean FFA reyponse to the 2-DG infuiion 
for the control as well as acute and chronic acceleration 
is shown in Figure 2. Similar to the glucose results there 
were no significant differences in mean fasting FFA's 
between the three test periods. Moreover, there were 
no significant differences between the control and the 
chronic acceleration mean FFA response to 2-DG ad- 
ministration. However, there was a decreased FFA 
response follow ?ng the acute acceleration 2-DG infusion 
when corr.parcd  to the chronic acceleration  infusion 

which reached significant levels at the 150-minute time 
period. 

Mean Plasma Cortisol Response to 2-DG Infusion 
FoUouinp Acute and Chronic Acceleration—Mean plas- 
ma fasting cortisol concentrations during the control 
period and following acute and chronic acceleration 
were not significantly different (Figure 3). The mean 
plasma cortisol responses to the 2-DG infusion are given 
in Figure 4. While there were no significant changes in 
fasting pre-infusion plasma cortisol concentrations when 
comparing the control group and the plasma obtained 
immediately after the two acceleration sessions prior to 
the 2-DC infusion, there were significant differences in 
nvan plasma cortisol response to the 2-DG infusion at 
liie 60, 105, and 150-minute periods when comparing 
the mean ccntn»! -nfusions with acute acceleration 2-DG 
infusion.   Mean plasma cortisol elevations during the 
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Fig. 5.  Immimorcactivp growth hormone response to 2-DG in- 
fusion following acute and chronic acceleration. 
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chxonic (or 4th) acceU-ratior. session w»re less marked 
than the control infusions hut did not reach significant 
ic-vels. 

Mean Human Crotvth Hormone (HCH) Rcsjwnsc to 
2-DG Infusion—The fasting, pre-infusion mean IIGII 
concentrations as well as the n-spons'- to the 2-1X; in- 
fusions are illustrated in Figure 5. Although there was 
a decreased response in mean fasting HCH immediately 
after the 4th acceleration sessions when compared with 
the control valuer, such low values are difficult to inter- 
pret and may not represent a real change. Following 
the 2-DC infusion there was the expected rise in plasma 
HCH concentrations dining all of the three infusion 
periods, without significant differences among any of 
the three groups. 

Vrinaiy Epinejthrine and Norepinephrine Resjyonse 
Following 2-DG Inf'tiim—Mean urinary epinephrine 
and norepinephrine .xcretion values expressed as gam- 
ma/hr are shown in Figuic 6. There was a significantly 
decreased response in the epinephrine excretion during 
the 2-DG infiisioii that followed the chronic accelera- 
tion session as compared to the excretion obtained dur- 
ing the control periods and during the infusion per- 
formed fcllowing the acute acceleration. There were no 
sigpificant differences in norepinephrine excretions fol- 
lowing 2-DG infusion during any of the three periods. 

DISCUSSION 

Even though only modest acceleration forces were 
used in this study, there were alterations in substrate 
and hormone response to 2 jG administration. It is im- 
portant to note that the alterations would not have been 
detected if only basal, unprovoked values pre- an:! posf- 
acceieralion exposure were compared to the control. 
The implication that can be made from this observation 
u that acceleration stress to the degree imposed upon 
the subjects in this study resulted in s decrease in pitui- 
tarv and adrenal reserve but did not deplete the hor- 
monal stores completely. While there were no changes 
in fasting-basal glucose, cortisol and free fatty acid con- 
centrations immediately after acute and chronic acceler- 
ation, there were significant depressions in the response 
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of these substances to 2-di-oxy-D-glucose stimulation 
following the acceleration exposure. The- apparent nor- 
mal growth hormone response to 2-DC following accel- 
eration suggests either intact pituitan reserve or changes 
which were too subtle to be delected by the techniques 
employed. 

Measurements of other pituitary hormones, stich as 
TSH, ACJTH and the gonadotrcphins an- needed in 
order tliat pituitan- function after acceleration may be 
fully evaluated. The blunted response in plasma corti- 
sol concentrations and epinephrine excretion following 
2-DG stimulation after acceleration suggests a signifi- 
cant decrease of adrenal reserve. Since the substances 
measured in this report reflect not only production or 
release rates but also utilization rales by target tissues, 
the possibility that utilization is increased following ac- 
celeration was considered. The appropriate measure- 
ments to evaluate disappearance rates were not accom- 
plished, however, leaving this latter possibility strictly a 
matter of speculation. Both acute acceleration and 
chronic acceleration appear to be a f;;r more stressful 
situation as far as endocrine function is concerned than 
has been previously recognized. The alteration in endo- 
crine adaptation to acceleration may play an important 
role in future prolonged manned space Bight where mul- 
tiple prolonged acceleration exposures are involved. 

ACKNOWLEIX :MKNTS 

The authors wish to thank Jig!. M. Schmoellcr and SSgt. Paul 
Gisse for their Icthiiical as%i-.|;iiifc. 

REFERENCES 

1. DOLE, V. P.: A relation lielwcen non-esterified fatty acids 
in plasma and the metabolism of glucose. J. Clin. Inrest. 
iZS.Vi. 195( 

2. Cooimx. \li.C- Svmpatboadrenal response to gravitational 
stress. /'. C//ii. /m.*. 41:15*7. 1982. 

3. lioKKMAx, W, S.: Rapid photoelectric method for determi- 
nation of glucose in hloou tind urine. ]. Bio/. Chcm. 
120:51. 1937. 

4. LAI-,  K., C.  \V. COTTUKB  and  V.  .'ifHBEicr:   Preliminary 
report on charcoal iromunoassav of human chorionic 
"Growth hormone-prolacfin" and growth hormone. Pror. 
Soc. Exp. Bio. and Mid. 123:126. 1966. 

5. LAZLO, J.. \V. K. HAKLAX, R. F. KLEIN, N. KIRSHN-ER, E. II. 
ESTES, and M. D. BOCDOXOH-": The effect of 2-deüxy-d- 
glucosc infusions on lipid and carbohydrate metabolism 
in man.  /. Clin. Invest. 40:171, 1961. ' 

6. MEYER. J. F.: Blood glucose during high performance air- 
craft Hlrhf. Aerospace Med. 40:310, 1969. 

7. ROCCE, j.  D., \V. E.  MOORE, \V.  E. SECAH, and A.  F. 
EASOI.A. Effects of + G^ and " G, acceleration on per- 
ipheral venous ADM levels in humans. /. Appl. Physiol. 
23:870. 1967. 

8. SILUEB, 11. IL, R. D. Bisu and R. OSLOPAS: Practical pro- 
cedure for estimation of ciliosterone or hydrocortisone. 
Clin. Chcm. 4:278, 193S. 

9. VOXEULER, U. S., and F. LISIIAJKO:  Improved technique 
for the Huonimctric estimation of calccholamines. Actü 
Physiol. Scam/. 51:348, 1961. 

10. WAREN, B. II., I. L. SIIAXXOX and S. D. LEVEBETT: Serial 
sampling of parotid fluid fcr 17 - hydroxycorticosteroid 
levels as quantitative estimate of stress during flight in 
high performance jet aircraft. AFARD Conf. proc. No. 2, 
95, 1965. 

11. WECIEXKA, L. C., G. M. GBODSKY, J. H. KAHAM, S. GRASSO 
and P. H, FOHSHAM; '.!• mparison of insulin and 2-deoxy- 
d-glucose-induced glucopcnia as stimula'ors of gronth 
hormone secretion.   Metabolism i6:245, 1967. 



Unclassified 
Security Classifioticn 

DOCUMENT CONTR^ 
fSecurjrr clmtsHicmlion of rlfl«, bod,  sf mbntrmct mnd indexing «ni 

A^ATA -R&D 
in. .IrioA mutt bt- «nten tercd wh«n the overalt report is clMsKllied} 

Z*. REPORT  SECURITY   CL ASSI TIC * Tl I    ORICINATENC ACTIVITY (Corpormle mithar) 

USAF School of Aerospace Medicine 
Aerospace Medical Division (AFSC) 
Brooks Air Force Base, Texas  

SSIFICATICN 

Unclassified 
26.   CROUP 

3-  REPORT  TITLE 

METABOLIC RESPONSE TO ACCELERATION IN MAN 

4. DESCRIPTIVE NOTES (Typt ot report mnd inclutire dmltt) 

S~ AuTHOR(Sl (Firml name, middlm initial, Imaf nmme) 

Richard L. Lipman et al. 

6- REPORT DATE 

March 1970 
7«.   TOTAL   NO.  OF PAGES 7b. NO. OF REFS 

II 
W. CONTRACT OR GRANT NO. 

6.   PROJECT NO. 

c-Task No. 793002 

9«. ORIGINATOR'S REPORT NUMSER(SI 

SAM-TR-70-254 
9b- OTHER REPORT NO<SI (Any other rwmben Attt may be assigned 

this report) 

tO.   DISTRIBUTION STATEMENT 

This document has been approved for publi c release and sale;   its distribution is 
unlimited. 

II- SUPPLEMENTARY NOTES 

Aerocpace Med. 41(8):905-908 (1970) 

12.   SPONSORING MILITARY   ACTIVITY 

USAF School of Aerospace Medicine 
Aerospace Medical Division (AFSC) 
Brooks Air Force Base, Texas 

13.   ABSTRACT 

The glucose analogue 2-deoxy-D-glucose (2-DG) was used as a means of producing 
intracellular hypoglycemia in eight normal male volunteer subjects during a 
control period, immediately following their initial exposure to acceleration 
(acute acceleration) and following a fourth acceleration exposure (chronic 
acceleration).   Plasxna glucose, free fatty acids, serum immunoreactive grov.th 
hormone, plasma cortisol, and urinary epinephrine and norepinephrine were 
measured prior to and following the infusions of 2-DG.   There were significant 
depressions in glucose, urinary epinephrine,  cortisol and free fatty acids following 
acceleration that were not seen when compared to basal, unprovoked levels.   Even 
with the modest acceleration stresses used in this study,  discernible changes in 
gluco-regulatory hormone reserves were uncovered. 

DD FORM 1473 Unclassified 
Security ClaL-sifiJbtion 



Unclassified 
Security Classification 

KEY   WORDS 
ROUE 

Endocrinology 
Metabolism, acceleration response 
Endocrine function, acceleration stress 

UnHasfiifipH 
Security C'.assification 


