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A vadety of approsches have been mude o
choroclerize snd quaniify the physiologleal consequences
of Ntylng siregs. bt eavlier studies, posl Night changes in
the plusmua/urinary fevels of 17-hydroxycerticostoralds
(17-0HCS) weore measured, Loler, o lurge number of
urinary biochemical parameters wiz FEpinephiloe (E},
nerepinepheine (NE), NEE rali, 17 OHCS, urea, unic acid,
Phosphiata (Pl), Sodium (Na*) Potassiun (K ), Nok" ratip
expressed eilher In abselute lerms (ug, mg, meq) or as
eraatinlne baged ratle {ig, g, meg/100 myg crealining)
were used to guantify the long and short term effear of
fiylng stross. Severol workers have demonsitrated that foar
tha avaluation of short termr offect of Nying stress pos!
light ehanges in urinary E, NE, NIZE ratio are adequate.
The mecent coneept however recommends megsurement
af fiight Induced change In the winary level of 3 methosy
4 hydorxy phenylglycol (MHPG), NES-hydroxy tryptamine
(5-HT) ratle and Sallvary Corlisol as indices ol flying
siress, The details of thase blochemical Indlices used In
the evalvation of flight siress are reviewed snd discussed.

Koy words @ Flying Stress, 17-OHCS, E, NEE
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5ress has been delined as the
nonspecific response of the organism lo any
demand made upon it The word stress is &
synonym for the facior {slressor) which elicited
the response. Avialion leads to wide ranging
stresses. Dwing a flight involving aercbalics,
aircrew may be subjected to stresses which may
be environmental, physical and psychological
Stress affects hurman performance by influgncing
some common intermediale varigble, lermed as
arousal. The arousal reaction prepares lhe
organism. to meet the threatening siluation ollen
referred 1o as Yight or Hight reaction’ which
invalves the autonomic nervous system, cerain
endocring glands and many metabolc aclivilties.
This aticle reviews reported changes in the
sympathoadrenal, adreno-corlical and melatolic
activities during short and long term exposure 1o
flying stress. and discusses their signilicance as
markers of flying stross.

Iz

Endocrine and Metabolic Changes

Hale et al’ reported sigmilicant post-tlight
increases in plasma corlicosteroid lovel in crow
members ol B-52 bombers after a non stop flight
of 12 hours duration. Marchbanks®? observed
signiticant post-light increase in urinary 17-0HCS
it persannel flying B-52 arceall lor periods of 20
and 22 12 hts while Kramer ot al* noted a
significant post-flight increase after 18 Irs ol
continous flight in F4C aircrall. The observation of
near agreegment in the values ol E, NE, NEIE
ratio, 17-0HCS  and 17 kelogenic  sterolds
(17-KGS) alter 12°and 35 hirs ol continous work. in
simulated and actual flight conditions in the fliers
indicated  thal  |he  sympalhe-adrenal  and
adrenc-corhical aclivity were allected to the sama
exient under conditions having identical work
load, but the lliers in genaval had a lower
adrena-cortical reg;aonsu as compared to that
seen in non-fliers™. This suggested that flight
simulator could be used cffectively for assessing
the work load and stress intensities,

Hale e a’ demonstrated thal [lying
proficicncy is high when the endocrine-metabolic
displacemant is low. This was Indicated when
ey gesagsed (ha work load and stress intensilies
of thers and nen-ligrs pedorming two hours of
bombing strating evenls w1 F-100 aircraft or
working in a simulated flight environment. They
tormuiated a physiologic slress index which wag
bascd on the percentage devidlions of eleven
urinary vanables viz €, NE, NE/E ratio, 17-OHCS
urea, uric geid, Pi, Ma®, KY, Na/k ratio and urinary
voluma, When the physiclogic stress index was
cempared with the praliciency score of the pilots,
it was noted thal the inferiorly performing
sub-groups showed a greater deviation wilh
respect (o theso urinary variables, as against
those seen in the supenar group, The control dala
of NEE ratio, pi excretlon and the postlight
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values of E, NE and 17-OHCS obtaired in
non-iliers were much higher than those noled in
fliers indicating a higher degree ol physiclogical
activity in the former and a grealer degree of
adaptabllity in the laler group. These ballery of
urinary  variables was  also employed  for
assessing the physiclogic cost of pilol engaged in
prolonged C-141 tlying operation”. These date
indicated a higher anticipatory stress in the Groew
than the flying stress that lollowed, modilying
alfect of crew posilion on the inflight and
post-flight trends, modilying Influgnce ot fight on
the pre-cxisting circadian periodicity and limes ol
day which represented night al home were he
highest sensitivity 1o flight The data also
suggested thal the recovery lrom  prolonged
continuous operations required nearly 4 G days
and when the crew developed extraordinary
fatigue, there was a 12 hour patlern change in ihe
physiologic stress index which suggested an
pverload reaction.

Aircrafl  characleristics  and  llying
experience had modifying influences on post-tight
Increase n Elnsmwu:inary biochemical variables
Hale ot al” reported a signiticant pas!-thah
increase in plasma corlisol level along with
hypocapnia alter a tlight of 50 min in single place
supersonic  F-100  aircratt. When the ol
performance had reached a high level of plateau
aller months of practive Ihe adrenocortical and
adrenomedullary response o flight were not
evident. Sodium excretion showed a signiticant
post flight rise which represented a compensalion
for flight induced respiralory alkalosis. The
diminished  endogtinal  response suggested
adaptation. Marchbanks et al'® appraised ilying
siress In two military groups after a iranseceanic
flight of six heurs in single place supersonic
aircraft (F-100, F-104). Although flight times lor
the two Hlights were similar, stress intensities werg
not found to be equal. Even Lhough the I-100 was
more demanding aircraft, there ware 1Wo taclors
which eliciled a greater stress in [-104 group - (i)
F-100 pilots had twice the flying gxperince as
compared to F-104 group. (il F-104 group
experienced two hours of turbulence while the
F-100 had a smooth {lying. There was evidence ol
homeostatic disruption, both groups showing
rolatively  high  excretion of  nilrogenous

metaboliles and the two llying groups were
diflerentiated  on  the basis of thair
symatho-adrenal and adreno-corical responsa
which were found lo be higher for the F-104
group.

Repeated exposures 1o aerlal combal
manoeuvies (ACM) with and without high G
axposure did not appear 1o madily the past Hight
stress response of pilots. This was demonstrated
by Burlon et al'’ who noted a post flight increase
al 54% in E, 90% in NE and 20% in 17-0HCS in
two groups of pilots tlying F-16 and | -106 aicraft
even though lhe lormer group cxerted more
relalive olfort associated with high G exposure.
Siress was nol lound 1o be correlated wilh
sympathetic activity and slale ol latigue and
appeared 1o be independent of tha character of
ACM.

The work of Hale et al®, Marchbanks el al'?
and Melton ot al” demonstrated that the fliers in
general had higher resling levels of £, NE and
17-0HCS than the non lier. Burton el al
observed that lliers who were repealedly
perorming ACM had higher resling levels of E,
nNE and 17-OHCS, both on ACM and non ACM
days than those noted in fliers angaged in lengthy
Hights without any significant G loading.

Sallvary Cortisol : Salivary cortisol has
been shown to rellect free cortisol that is the
unbound steroid concantration in plasma. This
parameter has been used by Kakimoto et al'? for
assessing workload of captains and co-pilots
during ranspon flight. Changes in salivary cortisol
level represent curremt Slress rather than the
accumulatory stress. It showed a good correlation
in relation o varalion in  the respeclive
rasponsipilities of captaing and co-pilots.

Blood Lactle Acid : Increase in blood
jaclale level were demonstraled in passengers
and crew of commercial arcrafll and was
attributed to muscular contraction produced by
liredness during fight. Laclale showed maximum
increaze of 180% in relation to llying hours as
compared to increase of 24% in ralation to
number of landings. Changes showed good
correlation with subsjective sensation of iatigue“ s
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Blood Sulphydryl Groups - Our studies
have shown that estimation of blood sulphydryl
(bI-SH) groups is a simple repeatatile method fo:
&ssessinﬁiﬂ the slress under various simulated
condition™”. A sludy was undentaken to prove the
uselulness of this parameter in assessing the
stress involved during transpont and fighter llying.
Pilots flying transport aircralt with a tolal duration
of one o three hours did not show any signiticani
change whereas pilots fying fighter aireralt with z
fllgm duration of 50-70 min showed a signiticant
fall™=.

Adrenomedullary and Sympathetic Activity

The adreno-meduliary and sympathatic
response were lound lo be signilicantly altered
alter thights in tast fightes argrall with a fight
duration of approximately one houe' 2325

Paolucei and Blundo' determined  1he
catecholamines (CA) cxcretion response ol young
avialors and suggested that post (highl CA
excrelion level of 333 ng/min and below can by
considercd  acceplable, In relation 1o CA
response; the individuals can be classilied a4
“Indifferent” with no changes in CA gxcrehion,
"susceplible” with CA excretion value varying lrom
250-332 ng/min while in “emolional group CA
excretion exceeded beyond a value 333 P TIiR

Analysis ol CA alone, however, does noi
give an account of dillerent lypes ol siress
encountered  during the flight.  Therefore,
subseguent workers gave more emghgajﬁa on the
analysis of E, NE and NE/E ratio’ "2 || has
been reported that E increases during emotional
arousal and shows elevation under environmental
conditions thal are disturbing due 1o their novelly,
uncerainty and change The E responsg
correlates with the feelings of anxizly  and
apprehension. Moderate rise in £ enhanoces
efticiency whereas a high rise leads to imgzairment
of performance. NE is less sensitive to emotionat
arousal but has been shown 1o relate to both
physical and mental aclivity of controlled and
appropriate nalure. NE reflects the activily ol
sympathetic nerves and shows clevation in
assoication with attenliveness, aggression and
task oriented responses. The post flight decrease
in  NE/E ratio suggests  involvement  of

34

peychological laclors and a tugh prefhight NE/E
ratio approaching a value of unity post light
indicates incapacitating psychological stress!?

Debijadii et ™ and Sarvihary et g
nated a significant past flight rise in the ueinary
oulput ol £, NE alter 40 min of supersonic and 30
murt ol acrobatic Night respectively. Repeated
Bxposure 10 lying stress™ and  progrossive
endurance training programme®™ had been found
1o modity post liglht changes in unanry E, NE and
MWL ratio.

Simitar post light changes in £, NE and
NE/E ratie which were indicative of belter Higgtat
adaplability were  reported dunng T-37 light
tranring  programme Durng  basic  cockpil
emergency procedure post Hlight changes in E,
NE and NL/E ratio were within normal limits. The
Firsl spin-ride appeared to be the most stresstul
gxercise with a maximum post Hight rise of E: NE
nse was the least and NIZE ratio showed the
mazunum fall. Solo and check-llights were ey
stressiul but resulted in nwre balanced rise n
=xcretion of catecholamines. As the sludent
progressed lrom (irsl spin 1o solo and check
fights, there was 4 progressive decrease in the %,
nee of £7 NE started 1o show a rise and the post
haht reduction in NE/E ratio was significantly
less'" Similar balanced % rise in £ versus NE
was observed in the experimental gQroup receiving
80 min of Advanced Simulator lor Pilot Training
(ASPT) practice on power-on-stall and spin
fecovenes than in control group who did not
receiva any ASPT practice’™. The comparison of
CA excrelion response of the pilol during the
sortigs performed eilber in ASPT or in A-10 rides
alzo showed a similar trends 8% During earlier
surties, both in ASPT and A-10 rides, the relative
ncrease in L, NE and NE/E ratio ware sirnilar;
but in fhe final sortie, E excretion showad a
reduction, NE sigried to show a rise and the NE/E
ratio showed a lesser fall. Instructor pupil teaching
relalicnship was also found to be oné of the factor
which affecled CA excretion response of student
piiots. Sludents placed under instruclors whio
relied on criticisim and scolding showed higher
post Tlight rise in CA as against studenls placed
under nstruclors who relied on acceplance and
praise behaviour” These observations suggest
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thal repealed exposure 10 flying siress, practice
on ASPT and the proper instruclor-pupil
relationship modities the post flight changes m E,
NE and NE/E ratio and lhus can help student pilol
to reach a desirable hormonal balance which may
facililate them 10 cope successiully with the slress
encountered during the flight' "

Our studies also showed a similar trend
with respect lo post tiight changes in £, NE and
NE/E ratio””, In flight cadets during earfier sortics
(solo, 27th sorlie) there was a greater NE/E
imbalance indicating a greater paychological
stress. Bul as they advanced from solo 10
mic-term 1ests (MTT, A9ih sortie) there was a
cubstantial  reduction 0 NE/E imbalance,
indicating 4N improvement in e Hight
compatibility ol the sludent pilot,  Post-light
urinary levels ol F, NE and NE/E ratio after
Power-on-Slall and Spin recovery lzsson units
indicated dominance of psychological stress in
student pilols whereas INSrUClors showed more
aggressive reaclion.

* In pllots, when post tlight changes in E, NE
and NE/E ratio after & medium stress tail chase
sortie were analysed in relation 1o ther llying
experience, a lesser rise of E and a greater rise ol
NE were observed in pllots with greater Hyng
gxperience {=2000 hrs) as againsl those scen in
pilots with lesser flying experience (<1000 hrs),
though difterences werc nol significant. On 1he
other hand, pre flight NE/E ratio did not show any
signficant post flight change in more experienced
fighter pilols whereas in less expenenced hghter
pilots the values showed a post-light reduction A
post flight reduction in NE/E ratio suggesl the
presence of intlight psychological stress in less
experienced tighter pilots.  This indicated that
NE/E ratio is a betler parameater for evalualing
psychological stress than epinephrine.

Cur study also indicaled thal a cerlain
amount of post flight rise in £ is absolutely
aseential for a successtul flight performance”.
This was brought out when the post flight changes
ol these amings werc analysed separalely in the
flight cadels who were declared passed or failed
in their MTT. The former showed a significant post
flight rise in the urnary levels of E and NE

whereas in the laller nana of thesa changes were
significant. In the passcd cadets the ME/E ratio
=howad a post flight rise whereas in the failed
cadels the ratio showed a tendency of post flight
raduction

A positive relation baiween formar 1hight
experience and mean pasal activily of E were
noted in the (liers who wers repoatedly exposed

: 25 o
1o flying stress™". Our study also indicated such a
relation®® Pilot wilh greater flying experience
{>2000 hrs) had greater hasal excretion of £ as
compared 1o lliers with lasser flying experience
(<1000 hrs)

Urinary Catecholamine Metaboliles

Paolucci and Biunde®® showed that the
pos! flight changes in excretion rata ol VMA can
be used tor evaluating inflight psychic load ol
student pilots. Compared to basal values tha post
flight vanilyl mandelic acid [VMA) increasad on
the average by 24.5%. 20% of tha populalion
chowed either a decrease or no varation, 31% of
the population chowed rise between 20-100%,
22% ol the studenis showed rise between
101-200% while the resl showed an increase
peyond 200%. They conluded that a moderate
increase in VMA  excrelion {=200%)indicaled
normal arousal ar alerting as required o complete
the challenging lasks; decrease or no variation
meant boredom and an axcessive (>200% rise)
fse ol VMA may point 10 gver-arousal due lo
anxiely crisis. '

Changes in the excretion of CA and their
metabolilies were used 10 355855 the stress of
sludent and instructor pilots dunng exposure to
lerw, medium and high arder emergenclesm. The
urinary levels of VMA, ihe sum of WMA and
a-methoxy  4-hydroxy phanyl glycol {(MHPG),
dopaming metabolites e, Homovanilic acid
(HvA) and 34 dihydroxyphenyl acetic  acid
{DOPAC), 5-hydroxy tryptaming  (5-HT) and
5-hydroxy indole acetic acid (5 -HIAA) were found
lo be maximum during exposure 1o meadium order
emergencies indicating increased noradrenergic,
dopaminergic and sarotonergic activily NE/S-HT
ratio has been suggested as a usetul indicator of
excitement and arousal, A greater increase in the
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value of this ratio was observed during low order
+a':nle-~rgr¢eru:|es21 Urinary MIPGE changes woere
found to be relaled to intensity of concentration,
altention and alerlness to pedorm the lask, These
changes were not lound 1o be allered with
experiaru:u”. The levels of MHPG in the uring of
pilols  and nawigators were  shown to be
commensurate with dithiculty of landing”’

Conclusion

Various techniques used for assessing
endocring-metabollc  displacement  encouniorid
during 1flying have been reviewed In earler
sludies long term ellacts ol llying siress wore
evaluated by ermploying a sedes of biochemical
paramaters vie £, N, NE/E ratio, plasmaiurinary
17-0HCS, urea, uric deid, Na®, K*, Nak ratio and
urinary volume. By the use ol theso ballery ol
urinary detgrninations it was possible 1o appraise
sensitivity 1o liying stresses in lerms o
sympatho-adrenal, adreno corical and metabolic
activities. The tindings suggested that in pilols
endocrine metabolic displacement s low with high
llying proficiency. Subsequent workers however
evaluated short term elfects of llying strees
primarily wilh the measurements of post-light
changes In winary £, NE lovels and NE/C ratio. Ut
was observed that the first Spin-ride was the mos
stresslul lying event which showed the greatest E
and NE imbalance. Solo and check-flights were
equally stresslul but resulted in & more balanzed
% rise in the excrelion of catecholamines, With
increased  flying  experience, there  was
prograssively smaller slevation of E and arealer
relative change In NE post flight. Though an upper
limit for the posi fight excretion of CA (333
ngimin) and VMA  (=200% risel have besn
prescribed in young aviators bul these cannot be
considered as norms for the entire group of pilol
population as lhe excretion levels have boon
shown to wvary with sorie profita.  liying
experience, auvcrall chaaclenslics and wealher
condilions. Recent frends in  fight stress
evaluation recommends the use of urinary MHPG,
NE/S-HT ralio and salivary cotisol as (hess
paramelers are usctul indices of cognition, anzigly

i

Arousal and status of current stress respectively.
In addition 1o these parameters, thera are
indicalions thal changes In bleod lactic acid and
lolal blood sulphydy! groups can be used for the
measurginent ol indlight stress
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