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Urinary stress variables during exposure to high
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Fourteen healthy aiccrew volunteers were orv-
posed to u simulaied gerial combar manwenvre
(NACMY) with continuouws and repetitive peaks
of 14 G (45 s)and 18 Gz (10 %) In the human
cenfrifuge till volittonal futipue, Flrey  per-
formed AGSM while wearing the Crluwiy il
G suit when above 14 Gz Timed and meas-
ured wrine samples were collecied before wnd
after the run wsing the “dowble-void rtech-
migue'. A stgnificant immediate mean Pusi-run
tncrease of 84.05% in total catecholamines,
F20.42% in wmurepinephrine (NE), 64.28% in
vieneidlyl mandelic acid and 311.55% in 17
avegenic seralds was noted, The rise in epi-
aephrine (E) excreton rare was nol Nignifi-
cant. fecrease of excretion rares to near or
befow pre-run values in the recovery perfod
indicated an wcceleration-related stress  ro-
spense. Significant increaxe af NE/E ratin
Jrom 187 pre-run te 3.84 post-run showed
higher physical work load with absence af
preduminant pyychological siress. SACM tol-
erance time did nos correlate o any of the
stress variables. The swdy shows thar high
sastuined +G7 acceleration elicits a stress re-
spatise which can be quansified and compared
by wrivalysis of siress hormenes and their
melabolites.

Keywords: Accleration siress. Urinany catechois-
mifes

T he wariable G environment during SACM
invilves haemodynamic changes leading tn
impairment of cerebral blood fow  Intense
physical ¢ffort {AGSM) incresses wolerance Lo
1 Ge but requires aclive effort and leuds 1o ex-
haustion. The phvsiologic cost of the combina-
tion of these factars occurring at their peak in a
controlled situation can he quantified with the
urinalysis of the stress hormones

04

Material and methods

Subpecrs. Fourteen healthy male girerew with
mean age 2665 years (range 2430 years) were
sclectad for this study, They all had reported Tue
high-Gi centrifupe truining at 1AM und  were
highly molivated,

Comtrels. The suhjecrs sarved as dwir own
controls, The pre-run values were used as base:
line reference for comparison with the pirst-run
vitiley

Human cenrifige The humun centrifuge
wstalled ar IAM in 1966 is microprocessor-
controlled, and hus a capability of providing
multisegmented G protiles, including SACM,
This vives a near-realistic simulation of the in-
Hight aerial combal cnviranment encountered in
a modery high-performance aircrall

decelerarion siresy. The airerew were sih-

Jected o the standurd simulated acrinl combar

manasuvring (SACM) profile emploved at 1AM
for high-G centrifuge tritining [ [ |

A Warm-up run was given with an onser rate
of 1 Gis o 2 peak of 4 G for 15 s and an offser
rate of 0.5 G's. The SACM included a rapid
onset run with an onset rate of | Giy up o 4G
for 15 s them again a build-up at the rate of
1Gis up 1o 810G for 10 s followed by a decel
eration at the rate of —0.5 G5 up tw 4 G, This
profile continued till the subject felt fatigued
and gave a ¢all lo terminate the run or there
occurred u peripheral light Joss (52-36") or G-
EOC when the centrifuge was stopped. The
sibjects performed AGSM while accelerating
from 4 to 8 G and throughout, till they came
back to 4 G- The anti-Ci suit was lzpt infate
throughout the SACM. SACM Iolerince wag
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taken s the lotal duration in seconds from the
starl of the run 111 Qs terimmation

The subiject remained seated m the gondola
with its cunupy opened. in between the warm-up
and SACM run wud at the end of the SACM run
il Tis physiologicul parameters recovered o
the preaceeleration levels

Calfeetion of wrine nr"rp-l'- The douhle-
valding technigue was uscd tor callection of the
urine sample

(i} Prerun urpre  sample The subjecls
papticed Mheir  bladder completely about one
hour (sample discarded) befire the SACM runs,
The pre-run sample wos collected m a clean
urine-colleeting jar just before the SACM run

(Y Prrasd-raer wring cample — The immediate
post-run uring sample was colleeted 1na clean
unine-collecting jar afier about 20min of the
cessation of the run, The sccond post-run urine
sample was collected after 120 min of the first
post-run urine sample (recovery peried), To
cnsure the availability of an adeguate urine vol-
ume, the subjects drank 230 ml of water afiur
sach void, The exact length of time and the tatal
volume of ciach sample was noted,

[irinry analvsis of horprones ana their
metabolitey, Pre- and post-Gorun stored unne
samples were analysed for lotal catecholaming
(CAY epinephrine (E). parepinephrine (MEL
vanilly! mandelic acid (VMA) and 17-oxogenic
steroids {1 7-00G8),

The total amounts of A, EP and ML was
determined by the [luoromerric assay using
slumina column isolation technigue  Twenty
mi sample of urine was used fur these estima-
tioms.

Urinary assay of VMA and 17-0G5 was
done spectrophotometrically by the technique
recommended by Pisano ef al. (1962) and Few
(1961), respectively. A S ml aliguot of cach
sample was utilized for these patimulions

o ensure that the cquipment and reagents
being used were of adequaic standard, standard
eurves were established for each procedure al
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the onset of the study. Random duphcate de-
rerminations were done as 4 check al reliability
As & routine practice, bluank and standard solu
tons were assayed every time a sample was

rested

Sratisiical analysis  The data were analysed
using the parred and upparred Students “t-lest’
and carrelation coefficient analysis wis used o
compare tolerunce with the  varous aritary
airess parameters

Results

The results of the various urinary siresy YU
ables pertaming w the 14 mrerew subjects wha
took part in the HSG study are given helow

Upinary strisy variahlex: For the purpost ol
sratistical analysis and diseussion, the wvalues
have been reported ds exergtion rate, VI
b/ i

Table 1. Catechofimine gaceenion rlcs preanh and 1=
mediate pust-HEG run

All suhjects
=11

Pee-run ety =4 112
(T AT [ e
(ad b g

Immedite post-tun
Mean difference

Mean porcentige chunge B 08
{ 134
3] =005

Al values evpreided asomean | SE i pgdnum and percent-

Age ghange

[uble & Cpinephrice excrellon rales pre-ren and iroeie-

diate post=li% ran

Al zubjects

- k)
Hra-gun 0n2n £ dous
lmnediate post-ran 0% = 0.007
+ differcnce 0oanR £ 0007
Mean perecntage change WLTT
i Il
* NH

A1l values eaxpressed as mea) | SF in e and peecent-
age change

Ny Mol sigmificant
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Fuble 3. Mopopmepheine excretion rates picaun wnd im-

methule post-HS0 mm

AT sulbects

fer = 14

Fre-run i N4 Uik
hnedide post-run Oy & OO0
Mewn dillerence nost » 0D01Y
Mt percenlipe chanjge 120 47

AT wanlues e

spressed as mean 45 o peimn and peroons

gt chimge

Table A BT eatio pee o ad iveemediste pasd 50 run

A1 salyectd

{n= 14
Previnn | A7 =0 31
T nd e gt o 384 0. BE
Mean difference .97 & (.8}
i LT
P £ 114

All walees expressed us mean £ 50 in pp/min and percent

age chunge

Fable 5, WMA cxcrenon rates pre-tun sl ommesdiate
post=-H50 run

Pre-ron

Immediate prst-run
Mean difterense

Mean peresniege change
!

'

All valoes expressed as mean = A o geanm and peresnl-
arc chanpe

The changes in the hormonal parameters
have been discussed on the basis of ‘meun per-
centage change” and statisy igance has
heen reported wherever the changes were found
t be sigmificant.

Al siom

() Tmmediate post-run sample. 13 I
presants the mean excretion rawes of toial CA
for all the subjecls. A significant increase
if B4AO5% (po D OS) was found in all 1 €
subjects.

“h

Fable 6. [ 74008 excretom rales prion wnd unmediade
posk-H S0 run

Al subgecty

ler = |y
"re-Tiin 10533 & | Ab
mmddite post-run |35 k)59
Ylean Jatle S F R T AL
Mewn petveni 1A%
I Xl
=1, (35

e as mean DSF e jpfiien il sl

Palite 7, Hewuseey period - catecholamini exdrefion (iles

pie-run wd £ hopost-Fl50 oun

S sty

[ i (]
"teefun [T I A VR
X b post-run (KRS A AR A
Mean ditlerence SN [ RS A TO s
Mean peteeniage chunge WrA3
.34
=105

W valuwes expressed as mean ©SE Ia pgfmen aml poecenl

19 ghia

Falle 8 Hocowery period - epiuephrome cegrenon  rmes

s EPRLG tun

Adlsubgeets
(=14

T U2G £ 0 Uh3E

2 h post-run QAT+ 0
Mean difference O+ 0008
hlean pércentaze chanad SR
! 229
D R

Al valuds expressed us mean £ 5E T ugimin snd percent-

age clianve

Table I presents the mean excretion rate of
E i the immediate post-run period: The mean
percentage increase for all the subjects over the
pre-run value was 30.77%, which was not found
tiv be signilicant. Tahle 3 presents the mean ex-
crenton tate of NWE, a significant  incréase
of 121.42% {p=<0.03) was found in all the
subjoots
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Table 4 presents the vilues of NEE ratio for
all the subjects. There was an overall mse
WEE milio; vie. 1.97 1083 over the pre-run
levels il the subjects This was statistically
signiticant

Toble 5 presents the mean exeretion rate of
YMA 0 the ininedidle post-run urine sample
An overall increase by 64 28% was seen in all
th subjects over the pre-run yvalues This rise
was Tound 1o b sipeni D)

I'able & presents the mean excretion rstes of
17-006G5. All the subjects showed a mean per:

renlape increase of 3 1.55% over the: pre-tun
values, This mse was found oo he sienefieant
(gre (1LO5)

(i) Mecavery perid (20 post-run samplel
Takle 7 shisws that the exeretion e of CA In
the 2 b post-run urine sampde retuemed 1o below
pre-run levels for all the subjeets This decrvase

Tuble 9. Recowvery perwd — aopepnephinie  excreiom
jates ue-rm and 2 post-HES G run

Allsubjects

and 2 h puml-HYL fuin

n -
Pre-aun U = LR
1l post-run W32 = 0.0
Mean difference 0= O oS
Mean percentape changs 33 51
! L&)
i NS

All vadues expieised-as mean: SCan peimin gnd peroent-
age clange
M5 Nt sinaficant

Tible 100 Rtoveiy perind — NET min a5 pro-run
undd 2 heopost-H3G run

All subjevis

im= 14
Pre-run g =033
¥ I poat-run 331z 088
Mean difference L300
f | Ak
! NS

Al voluesesessed as mean | 5T pedmin and perecnt-
ape chanpe
HS Nt sienificant
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of  30.44%  was found  to he  signilican]
(= 0,05

Lable & pressots the mean Boexcretion rales
in the 2 h post-run sample. Aosignifivant de-
crease of 38.40% (g« 0.05) was seen n all the
suphsp oty

Pable 9 presents thae NE mcaon excletion rule
fur all the subjects. Thev wers Toand b de-
creased below the pre-tun levels e all the sub
jects by 23 8|

The NEE ratio in the 2 h post-rin uring
sample s presepted qo Tuble 100 The rana had
contipied o he preae taoe the pre-tun ratio
(NEE 2 h post-run of |84 =092 T wll Lhe
subjets

Lable 11 presents the YMA cacretion rates
in the 2 h postorun urime samphe A decling
i the exeretion vate was seen in all the sub-
et

Table 11. Hecovery pernal Y MA oxvrenon rate pre-ron

Al sl ects

n 14
F're-run R E VI ]
2 hopost-run 32404
Meun dilTerance 134+ 0i%
Memn peteentage chanpe 1150
f L i
M

r

All valuds expressed dy mesn = 38 a0 pednum b poreeils
age change

s Mol sianifec and

Ubsle 12, Recovery perind 70005 exerenion rale pre-tai
ured 20 pest-H5G o

.f"-.l[suhjn:-:l.;

i =-191
Free-ru [0.33 % ] 46
2 hpust-tun B4 £ ] 44
Mean dilerence IR =03
YMean percentage chanre B &2
p Bz
I M

All values expressed az mesn-= 5 an pedinm and peroent-
age changs
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Fable 12 presents the 17-00G85 mean excre-
tion rates for all the subjects The values Tyl
recovered 1o below the pre-run levels an all the

suhjcels,

Foderance amd wrinaey stress variables Tol-
crancye e was correlated o the varioyps un
nary stress paramelers for all the subjevis. No
stgnificant correlation was found hetween toler-
ance Hme andoany of the parameters assaved in

the immediate ]"llil."-ll-FHH urine \ilfl'l[?llih

Discussion

Cir study  demonstrated a sigmificant nise o
BA05% i total CA excretion levels in the urine
swnple tnniediately atter the centrifuge run
The villues pecoversd back w below the pre-run
leviels in the second post-run uwrnme  sample
Cutecholamine excretion (s beligved to be a
phyaiolopicul expression of the general srres
response. I quantiies the Lslal stress as expert-
enced by the individual In siew of this, a@ll the
subjuects had exhibited a substantial stress ree
sponse induced by HSG exposule

The mean pre-run excretion levels of E and
NE were {1026 L0005 pgimin and 00427
008 pgimin, respectively, These levels are
similar to those reported in nther studies [2. 3]
In comteast to the éxpected response and thal
reparted in other studies, the change in E ex-
crefion rate showed an insignificant rise of
.78 in the immediate post-ron pericd. Other
studies had also (ound a significant rise in pre-
exposmie epinephring levels and had attributed
i L unlicipatory siress.

I'he low mean percentages riss in epinephrine
output immediately afrer the run can be anri
huted 1o two factors; anticipatory stress leading
to elevated pre-run levels, and a relatively lewer
fevel of anxiety during the actual centrifugation,
Familiarily with repeated centrifuge runs has
been shown to reduce urinary epinephrine £x-
cretion |4, 5] As part of the HSG centrifuge
comrse, pur aircrew subjects had been exposed
to high sustained aceeleration vn the centrifuge
prior to this study [1]. The presence of paycho-

g%

lagical stress before the centpifuge rum was ovi-
dent by the sigmificant fall in epinephring
excratton rate below the pre-tun values in the
second post-Tin urine \":ﬂni"ll'-

A signiticant increase of 121 42% in the NF
ontpul was noted in e urine sample immed
ately after the run This increase in NE exere-
tiont rate was higher than that reported in the
hterature. Cioodall [2, 3], in two separate stud
wes had noted SO-100%, inercase o NE output
fullowing centritugation | he peak acceleration
levels used were 12 Gz Far 3 man and less than
o5 Gz nll subject blackoul levels), Sarvibabu
[6] had found a 34.2
levels after 30 man of aerobatcs, while Durton
croad | 7] had observed o 19% increase follow

Vo tmcrease m Mbexorelion

ing nilight aeral combal manauvess

Norepinepliring release 15 known to acaur as
part of the ceneral stross response. Adthough ML
release s less sensinive to emotional wrousal, 1t
has Becn shown to refate 1o barth physical and
mental activity of controlied and appropridne
nature, Varwous forms of physical exercise have
been shown 1o cause enhanced seerclion of nor-
epinephrinc

The increase in the immediate post-run out-
put of NE and a subsequent decrease helow pre-
run levels during the recovery period sugpest an
acceleraton-induced rise in ME excretion rate
in this study. The hizher mean percentage

increase in ME @xcretion rate noted could be
atribured to higher levels ‘of repeated acceler
ation (+8 Gz encounrared during SACK, In
addition, the subjects were requirad o adupt e
maximal sustaincd straining effort while per-
forming AGSM, in arder to mainlain vision at
these high levels of acceleration. In this respuct,
the NL ourput noled during one episode of
SACM invelving repeated high G levels 6
comparable o that found by Tarui and Naku-
murza [8] durtng seven repetitive flight missions
involving asrial combat manceuvring al 16 Gz.
Ihey had noted un increase of more than | 10%
in WE output only after the fourth Lo sixth fight
and hud attributed the delayed increase o in-
ereasing physical work lpad
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The NE/E ratin has been used 1o assess (he
sympathoadrenal  stimulation  during  infligh
studies. 1 has been reported that a higher valie
ul NEAL ratio sugpests highe physical work
lead. According o Kralienbuhl o of [9, 107,
ratios approaching unity indicate the domingnce
ul'im'r]lnlﬁ{:mu] slresy

In the prescenl \luur}._ the inunediate post-run
NEE rutio (3.8 L 0.6) showed a significant
mereake over the pre-run values (1 87 + 0 33 }
he post-1un ingrease, which continued inio the
recovery period indicated o ligher physical work
loud inall the subjecis dunng SACM. In other
wirds, it demoastrated that there was an absence
ol predominant psychological stress during the
i This may be atribired to the farnilinriny with
the cemnfuge run scquired over the previous cou-
e of days of the 118G raining course 1]

Acsignificant increase of 64,28% wus fouynd
inthe mean excretion levels of VMA which was
tommensurale with the immediate post-run in-
Crease i tortal catecholamines. Uhese values had
recovered o near pre-run levels in the 2 b post
TR urne sample

A significant increase of 31 5% in the mesn
excrelory rate ot | 7-04005 was noted in the im-
mediate post-run urine sample. The mean pre-
mun devels af 17-006G5 (1033 +1.36 Helmin)
wete found 1o be within normal limits of cxore-
linm, viz. 5 23 mg per 24 h [11,12].

The fact that the 17-0GS excretion levels
had come to below the pre-run values in the
second post-run urine sample indicated that the
significant risec was due 1o the stress response
elicited by exposure to high sustained accelera-
tien. Hased on the findings of the siudies of
Hurton [7] and others, the stress FESPONSe may
be taked us moderate,

DOur obzervations were in conformity with
those of Burton e @/ [7]. whe found no corre-
lation bulween ACM tolerance time and [atigue
compared 1o the sympathetic activily or stress
response measurcd by 17-0OHOS excretion. In
their study. increases in epinephrine excretion
levels were as greal ufter short-duration as after
long-duration ACMs

freel. Aeraspace Med, RS T

Nevess i HSG Hertferd ot sif

Vernikos Dancllis ot al [13] had also re
parted the ek of signiBicant correlation be-
Iween  sarom cortisol and  tolerance g

female centrifuge subjects

Conclusion

I conclusion, the study shows that EXPMISLRE [
i wvarable lugh sostwined  Geo neceleration
profile ¢livits o moderate stresy respanse in the
subjects This stress response can be quaniified
by meéasuring the ingrease [y the vl it ol sress
hormones und therr metabulites i urine and
ey be used as an objective mdicaro ol phyern
logic cost of the HSG exposure. Familiarity
with repeated HSG cenuifuge rms leads wou
reduction in the urinary epinephring exciction
rate. Theretore, it is ol importance to Jefine the
previous centrifuge expericnce of the subjecls
while investigating  accelerstion  stress, The
SACM 1olerance tinwe is nat correlated 6 the
immediate post-run changes, in any, 0l the uri-
nary stress variahles measured.
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