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uftering from mild eesenlial hyperten:
tiolled on diuretics alone are purmitred o

AF A study econducted on four cases
Hypertension and Lwelve Normotensive
it'cr' scministration of Polythiazide 1 my
dayy is repovied. There are significant
Csome  of the importint hiochemical
resred in these cased, in that there is an
Taemoglobin, POY, hicarbonates, uric
and post prandial hlood glucose values.
e to -Gz shows & sigrnificant tecuclion
. the PLL value from 4.1 4 0.7g to
in rhe Normotensive subjects, Lhure
on i tolctunce to + Gz in the Hyper-
Al the subjects experienced marked
f headache, weakness and malaise during
1o likely hazards of s of diaretics in
¢ been discussed.

Ilying do not go together.  The
wale are not far o scek. A pilor in
[ an afreraft is expocted to be in peik
 — both  physically and mentally. In
sireraft the requiremcnts of combat (rain-
a4 much higher load on the pilot. Tn a
member aircraft, all the tasks of lying
are to be carried out by the pilor alone.
| these roguiremorts, thu phjfsical Htncss
has beet e:'ﬁphusi&eﬂ.
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A pilar requiring drugs o nonmalise his physical
qtare is not fully ftts,  Secondly, all drugs howevet
nontoxic and specilic to u systerm, produce unwanted
symptoms and alterations in physiology of man.

Carter et al® opined that commonly used anki
hypertensive  drugs €8 ¢ Thiazides are a b fov
fitness ta Iy, lTowever, the USAlE, RAF, Canadian
Air Force and Indian Air Foroe have, over tho
hich allows pilots with

years, adopted a policy w
unmmplicat&:l essentinl  Llypertension, controlled
This palicy

with diuretics alune, to continue flving.
has bheen acouepted even though there iz no data avuil-
Able on Lhe effects of these drugs ou the porformandc
of a (ler. The diurelics most commanly used are the
Hydrachlorothiazide or uf the Polythiazide group.

Materials and Method :

The preseot study was initiated Lo elucidate the
changes in - G7 lolerance and hiochemical para-
melers, inirially among Normolensives and subsequ-
Hvperlensives,  alter adminisiration  of
The smdy has boun completed on 12
Hypertensive:
number of

eatly in
diurclics.
Normotensive subjects and i four
cases noall pespects. Lo roduce the
variables, patients with wild Fssential Hypertension,
controlled on diurclics alone, Were aelected for the
studv.  Due to lack of cuitable cases among aiverew
[ treials with hypertensives could

adequate number o
not be comploted, Non aitcvew ypertensive patients
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were found to be unsuitable for this study on the
human centrifuge,

Twelve  healthy,  Tully AL, male,  volunteer
subjects in age group, 230 veurs, [ormwad  rthe
Normolensive group for the study. All the subijects
wire Medical Officers posted  ar IAM, who  were
quite exporienced in riding the homan centriluge.
All rhe subjects were fit Med Car A4G1 and went
through a thorough medical examination to exclude
any disahbility,

A derailed  clinical  history of U stthijeets,
weight and other parameters wore recorded for all
subjects. Blood pressuie wis vecorded in three [riasi-
Lions, — !vmg, -JlL|ruv ankl :.Lanclm,LJr

A Bio-chemieal assessment was made on each
subject. The paramelers measured amd the toehni-
ques followed ave given helow :

Haemaglobin Acidd Haematin method by using
spectronic 20 (Baush & Lomb).
PO Wintrobes methodd,

Serom Na & Koo PFlame l_l]IUU:-]i‘![fI'T'iL' et o] I::.f

wsing LIL Flame Photometer,
Plasuta Chlowvides : Pitration methad  (Van Slykes) .
Plasiga Bicaibonales : —ilo—
BJU:"::i Theea Urease @ MNesslevisation Metlaul.
Blood Urie Acid @ Brown’s Method,
Bload Glucose:  Folin EoWu's Mechod.

Blowl Cholestral © Fervic Chlorvide  Method,

Lhe basal 4 Gz tolerance of the subjects  wuas
determined on the Human Lentriloge after ensuring
that the subjects were fully rested, had taken Lheir
normel meals and were feeling e w nmdlevgo  the
LesE,

The subjects were given Tab.  Polythinzide
(Nephril) 1 mg OD for six days, The subjects were
alowed ro rale potassiun supplement ar dwe form
of Pat Chlovide 1 g /TDS, The cenlrifuge rest was
repeated on the th day and the PLL  threshold
determined, All the other physical and Dio-chemical
parameters were estimated on the 7th/Bth day for
compavison will the hasal dara.

1

In the hypertensive group. i
panents comprising two pilots, ong |
and one technician.  heir Gges &
wand AR yewrvs.  Fhe lypertunsion Dﬁ
Wil muuu]hd by dinreties only, Th
the drag in use was ascertained
condition ul' cach case wis dssesit

for a few days. The hinchemical i
the PLI. threshold were detenmir
sithijects wis oo diurerics. The patien
abstuin from the drug lor 10 diye
were repeated: The d1fi‘t=re=m:r_‘ Y FAT
ol these four cases has been presentd,

e subjects were lestedion the
Centrifuge, which: hasoa ) 5 metre
staelaved  atveratr seal  witho s 15 ilps
vertical (Photo 1. The Gendoli
with  the vesulting acceleration,
profiles are controlled  vemotely
oo The subjects were monitore
and were in constant tonch on the
wore normil ':ﬂ.'nrl-:in;_:___f clothes witho
suits, “Lhey were instructed 1o sty
oul the Lost vun and not o use HITER i
tive methods against +Gz in any al

Phota 1
Human centrifnge gondoeta with 3 sl

amdd we o distance of S0 [rom . u
head level.  These lights subtend #
on Ui subjects eyes,  He was aske
on a central red light and switeh off |
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y Lecame wisible, by pressing
‘mock contrel column. The
ghtained by presenting

np ittervals.  An inercasc
n time, heyond (wice his
ey out’ (P, The

ahject in that che central light
ut the resr.  The Hypertensive
¢ subjects were instromented (o
d ECG and indirect B ar the

These parameters wore reconded
npel recarder  (Photo 2} . 'The FOG
changes duving -Gz exposure

igart Tate.

Photo 7
weeopder and che felevision maonicor of he
of the Tluman Cendsilfupe.

-I';‘;cl:s WETE e:cpnsn:i to (60 Sec rate ol
e vale of deceleration with peak G
o 1H—20 secs (Fig. 17, Each case was
low peak value, which was incrensed
firm PLIL value was establishod,

ts of rrials on 12 Normotensive subjects
s of Lssential Hyporicnsion controlled
etics are presented, ‘Lahle T gives the
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heart rate and Iying BP ol the Normotensive group
in pre and post diuvetic phase.  The resulrs show
that resting heart rale went up. after diuvetic
therapy in all subjects exeept lwo, The increase in
IR has o mean value ol 7/mrt, which is found Lo be
significant. BP, both systolic and diastolic, repiatoared
a sipnificant fall in the post diurctic phase in all
Gises, more so in the systolic pressuve, The sitiing
and stamding BP of these subjuets was also recorded,
which showed a similar trend.

There was na sipnificant change in HR in
hypertension cascs and DBE showed cither a rise of
no change after withdrawal ol diuretics, in sitting,
standing and lving positions. However, the number
of cases being very small, statistical significanoe ol
these lindings could not be established.

The | Gz tolerance, as determined by PLT.
values for e Normaorensive and Hypertensive
subjects, under pre and post diuretie phases is given
in Tahle II. In the Normolensive group the moan
PLL wvalue in pre-diuvetic phase was 4.1 & ). i
and in post diuretic phase it was 3.5 % 0.8 thus
showing a veduetion of 0.6g. Vhis has been o
tr he highly significant by the "t7 tesr. Tn the
Hypertensive proup also theve was 4 reduction 1
ralerunoe in three cases.

Hbh amd PCY values determined in all the
subjects for pre and post diwetic phases arc
tabulated in Table I11. There is a significant increase
in hoth Hb and POV in Nonmotensive graop.

Table 1V gives the values of serum sodium and
potassium, plasma Bicarbonates and Chlovides for
the two groups of subjects.

Serum  sodiumn  in post  diarelic  phase  has
registered an insignificant Jall in both the groups.
ferum potassium does not show  any significant,

11
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i tasting glucozse valnes ynd significant

YOSENHIGnt inerease o Normotensives,
Ncrease is o significanr in the IIngd
aridey by shown a fall iy Normores-

Specific Gravity of Uripe
random  samples, voided iy the
subjects  veported  fop Ui her
Theie is o significant fall iy the. spe
Ulrea, Lipip Acid, Lasting  amg st urine g rhe post diurere Lhase,

Al Novinatensive subjects rep
general sweakness, lassiinde and i
the el of dinretje therapy. The
worsened by the exposure 1o +Gr
Somme  cpees Cxperienend nAse], !
i One subject repor(ed iupivitis |
in a fow days.

Urie Acid values are tound 1o he higher
arc statistically
The fasting an pPost prandial elucose
showed  an incrense, which s Lighly
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CPABLE 11

il groups imormarensive and
pre and post diuretic phases

PLL Walue

Host Change

51 =
B.2 — 0
4.1 7
9.5 1.0
28 it
5.0 =
4.6 =i
+.5 =]
3.5 - A
4.5 =
5.1 o &
2.8 —

3.5
0.7 4+ 0.8 SR
5.80
o

IWPERTENSIVE (n = %)

b5 8.5 0.3
i 1.7 0.7
38 5.7 -1
6.0 5.8 0.2
I A 4.4 {1

1.1 i o 1 |
¥
Tuisg
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TABLF 111

Haemoplobin and POV values in bolh groups in
pre anl post diuretie phases

sk _ HbogmiZe R . S
™. Pra Past Chanee  Pre [*st Changc:

NORMOTENSIVES (n = 12]

E; 5.5 15,5 1] 43 455 i
o 3.5 17.0 i 49 8.5 B
1 17.2 T 2 al A8 — 5
1. 1.1 16.6 3 55 b 9.5
& 15.5 A N 3] a4 I
£, a0 155 i | il 3
7 155 14,4 e 16 G b #
& 17,10 17 .6 3 5l b h
Q. 12.% 15.0 3 45 1+ 1
14}, 16.6 16.5 -=.1 AR 47 -1
11. 15.3 6.0 7 4h 44 3
12 I, 0 6.5 b 48 4 1
Mean 15.7 6. 17.9 49.7
+5d +£1.8 41 4 +2.0 k42 187
e +4.25 2.47
Sig ] L
HYPERTENSIVE (n = 4)

2 15.5  18.% 0 52 55 3
2 15.4 5.5 0.5 Bl 52 1
8. 15.0 1.8 0.2 +4 46 2
4, 4.5 15.1 0.6 ] 52 &

Ao 150 Tai2 0.2 449 2 1.2 2.0
154 H04 F13 596 %8

L 1.0% 400
Sig N "
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Discussion :

The divceric and anlihypertensive effects  of
thiazide drogs ave cxiensively reporred 162020 qpe
increased rejection of fillered sodinn and chloride
tppeats o tike place in both the prosimal amd
distal portions of the tubule and the ascending Timly
of Henle's Toop. &2 The anti-hypertensive action
which persists with the prolonged administration of
the thiazide drugs is due to a decrense in petipheral
resitamce. 250 Tt does not appear to e secondary
to their natviuretic action.  I'he exuet mechunisms
producing rhese diurctic and anti-hypertensive effects
have not been fully identificd.

Certain side-effects commonly occur with  the
H:Iminisu‘utinn_‘pf thiazide drugs, The kaliuresis
appear o be :i::i'.‘undas;}' ey the nalruresis and with
some ol Lhe thiazide drugs, te their carbonic
anltycltase inhibitory actiou.® Merabolic alkalosis s
actually a more consistent linding than is hypoka-
lemia, and the latter. in part may be due (o the
[ormer 2l Interforence with carbohydrate metabolism
is brought about hoth by u reduction in civeulaling
insulin and by a direct inhibitory effeet on wlucase
utilization hy tissues. *%1 These side-effocts OCEd-
sionally may he troublesome clinically.

Diuretic rherapy eauses u reduction in plasma
volurme, at legst, ransiently which is confirmed by
the vise in haematocrit and serum profein concen
rations, It also canses w reduction in peripheral
resistance which  lowers BP, Any  reduction in
plasma volume and BP below netmal values, even
i hypertensives, could be eanse for redoced woleranee
Ly -Gz Postural hypolension if presend is n sevions
condition and i nor accepahle in a pilos

LThere was a significant reduction in +Gz toler-
atice in all the subjects fexcept in ome hypertensive
patient).  The mean PLI. value fell trom 4.1
0.7g to 3.5 + 0.8 G in e MNormotensive gloup,
showing a change of G.6g {15%:), which |3 highly
significant, In the hypertensive group also thers is
reduction of 0.22 e, which could pot be statistically
conlitmensl due to the small number of cases. Phadf
al New-bertyl® an their trisl with 6 Normotensive
subjects ‘on  Iydrocholorethiazide 50 mgm B,

observed o reduction in tolerance to 4Gz frome reported that the cxeretion of uric acid
5.9 to 3.1 G after 2 weeks and (o0 8.0 after 4 wecks  deereased by thiazides, thouph  the mechan
ol therapy. The results of our study are in con- not understood. This has dlso  been Feparte
Turrer et al® and Talso and Remenchi k.

tormity with these workers,

It

The observed increuse in resting o
all Novmotensive subjects after diy
stration was significant, and can be
hypovalaemia, 122081 vstolic and di
i sitting, standing and lying positiom
significant a1l after dinveties, Wllep ¢
attribute  the hypotensive action of d
tlecrense in poripheral resistance, reduction
volume and extra cellular fiid vl
in ecatecholamine melabolism and « I
hwelrate  metabolism.  Nickelson® U
aliwve Factors and in atldition attribumes
B o decrease o Loral exchangezhle
potassium especially in the early phase g
therapy, As our cases were exposd 1o
ouly fi days, the most important mechanisn

The increas: in Haewsloerit val
dornmented #1HA8 egecially iy carly
divretic therapy due to (luid loss T
surum . sodivum level is due 1o the expectad
Polvihinzide on the prosimul and diy
Lubule, by reducing the sadinm reabsorprion
Potassimm s also [os) alongwith the sodium
normaily shows a tadl, % 1 hig aﬁ-rinsr'.-'r
shown o decrease, probably due o the
supplements freely taken Ly all thi: S_ﬁﬁj\_
ever. potussinm depletion may exist in the |
ol u normal plusma concentration (most af i
being fntracellulary and this face, rendirg
assessinent of K 7 halance difficnli !t

The  marvginal  decrease i Pasma
found in these cases is due Lo reduced ey
of chloride (fixed anion) which i tlisen
It is thus accompanicd by hiypochloraemic sl
Black! has vpined that  ehlovothiazde evn
urinary excretion of chlorides vather (g
honate as the major anion acconmpanying M|
The sirnificant  incroase  in plasma b
observec in this study iy consistent with e
literature, b9 11

In this study, # sienificant incredse
uric acid levels has been ohaerved, M

AFIATION MED



ihere s u signilicant increase in listing and
thlood slucose valnes in post dinretic phase in Lhis
Hyperglyiemic cHeet of thivsddes 3 well
appears o be ol il tileetorial
Choazan et al! allribute it 1o
tealin and Blockap: ol

et
:tl.il'Il:m.
1 diastalis
Lis, S!l:mge%i
aned Malvig

dinretics
ion in plh

pil ol
U}{‘r’-“'"ﬁ*m“
o ol release of
Lﬂl il wlucos: atiligation. Welley or al®t have
Cgpined  tha thimeides  vedoce the  Tevel ol

e, -alten : . T =T
o in e il Ary iJ]L!-:-iIJ'i'r.I psndin ke agtivily and also the
LHEra LGS i of insutin dependent enavmes grc live
es (he f frokinase il dilwddvosyacelonehinase,
sodium i . : ) 4. ! .

he fall fnouring specilic gravity scen i our
e of thi s ; i
d : expected doe o the divletics,

THTreLies

1E=is'1\r{:ll krown that circulation is e pro-
gdly allected, by positive G than any ather
p BT B T e progression o symplonns fram
il visual dmpaivment to 7 Grey out,” U black

v phase and uneonciousess are explained Dy the pro
The [all e dectense of blood low o the upper part
e'j‘ Actio o : hody,  The, blood How aboyve thees Tugsavt
listal des due to the following lactors @

011
odinm  and
S it Tias nar

potassivm
jocts, Hove
fic presenc
of the K F

i) Fall of BP due to hvelvostialio pressavy
el

i Reduction Venous return angd et
pheral pooling.

Teduction i cardize output

1. ML ) Reduction in oulpul puessure al the T L.

i) Loss of fluid (o the exrravascnlar  cou
parioent.
chlotides

EEFJSGi’p.I;IﬁJEi The compensatory  mechanisms  set i ol

f_l_l.l.l.‘leutttri;fi mipt to correer the above ard show Lheir elizct

alkalosis, 1t piclcardia and peripheral vasacomstriction?

vokes the |

an Bicire- - With the use of diprelics [ Noromoiensives m

N b o m;])e‘.ﬂ.i:l ives (ere is n koss of fMdd in the fodlial

carlomalos: ws, thus reducing the circulating blood volume,

i recuoes BP and earcdiae oulpoe. Latere o, the
il volume may gt restored to e nornld valires
Wi the BP dozs net return o norted, because ol e
et action of dinrelics ou the periphecal resisrange,
Tons the cliects of  dinrerics 1s o lower BE by
frering cardine output and by reducing periphenil
.' FATICL,

LRI

in  hlood
et hax
T T I§
TSI 18

orterd Ly

s Cov stvess s oapplied o fhe

| In such a state if
Iy, which is an exageerated Orthostatic stress, the

LN ;
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response ol the bady cannol be adequare. The head
Tevel B3I will full 1o low values much earlicr thar,
4 pormal] man. More over Lhe refllex eompensatony
Fise of B which normally rakes place; will nor b
secn 1 such eases, The poor om dlelaverd compensitaly
Fise af BT, will nranitest itself inoa lowered talevance
Lo -G, as seen in this series, Phis is alsy conlirmerd
by Bfaff aml Newboiryd®

Ly lissentinl Hypertension, it has been repor el
that ineidence of Orthasiatic Hypotension 03 s
colmmon if cEnpirisen to normals more 5o when
the peripheral pooling has liken plaee. Treskiniy gt al®
peport that 11 oul ol 85 hyperlensives showed
evidines of Crihostatic hiypolension on standing ap
with occlusion of yenous return, in cowparison to
none out ol 28 Nermaotensives, They opine  that
this may be due o a oactional delect. at the
ailvencrgic neara clector junciions of the avteriales
in hypertensives, I is also well known that rhe
carling reserve and the eapacity ol the cardigvas
cular system to produce reflex increwse in carding
outpitt and BPare limited  among hyperiensives.
Thus sueh casen ol Hypertension are o poor risk
ON Uxposare o - Cer, more so when divrelics have
heen institntend to reduce the BIN

Loss af ™Mo % K. has an adverse cilloor oo the
arteriolar tone, Maintenance ol his tene helps
rellex o lall in BI' and  upkeep  of
peripheral  tesistance. Inoa patient  with loss ul
o R T, there i oa delinite lowering of CVS pesponse
Ly |-

PESPITTALS

Uhe  occorrence ol subjective symploms el
malaise, weakness and headache, inoa large majority
ol the subjects, indicates the pencral  leelings af
being unwell, Soch svmplems  are exapperated il
porassinm, supplements are nat taken by the patient,
In this series, theve has been no signibent fall in
cerum potissiwn since  the  subjects were  taking
supplemental  potassin chlovide,  In [y pertensive
aecurrence of such svmpromes will nor be condoacive
lo o leeling of well being which is very necessiry
for a pilot to undertake effective parl in combat
Hying.

The reduction in tolerance to |Gz seen in
Normwtensives is g ar @ Grey out” levels, which
itsell is sufficiently large to be signtheant, but this
trend. does not angur well For o pilot llying at much
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hipher |Gz salues during combar, The reduclion
in tolerance i likely o be mueh hBigher at these

hiph

stioustiess earlier than desirable,

| L values, causing “ Black ont™ or uucon.

Conclusions :

divrerics  in Normotensive
and Hypertensive stbjects,  produces veduction in
BE Signilwant chamres in biochemical PRLEATIIC LS
are seen with divretic therapy. Thore is an increase
in M, POV, Plasmin Biccarbonates and  Urie acid
vitlues, The carbovdrate metabolism s alse ailected
by diuretic therapy,

Administvation  of

There s a significant reduction in roleranee 1o
| Gz in novmeotensive subjeets alter administration
of the divveric, Phere s reduction in tolerance 1o
|Gz in Hypertensive cases alsa,

There ave symptoms of general discomlor with
diwretic therapy, which reduce the patients’ sense of
well being, * '

The redvction in 4+Cs toleranee in g lighter
pilot can have disaslrons cansequences in operational
Ilying.  Tuis, therefore, reconnnended that pilots
suffering [rom  Essential Hypertension, if requiring
divretic  therapy, he  evaluated theroughly
hefore being permitted even vestricred lying Tess
on. simulitors  (Cenirifuge and Psyehomotor tests)
be carried out belore reflighring such cases eoprietnlly
in cases of fighter pilots,

¥Oory
H
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