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TICAL PERFORMANCE FOLLOWING INHALATION OF G3

by
R.J, Shephari

SUMKARY

1. "Maximal® work tests heve been carried out on 20 subjeots, end sud-
naximul work tests cn a further 20 subjects, using an electrically breked

bicyole orsmtor.;

2, .q;;lw.tng the inhalation of GB (noninal dose 5 yg/kg) there was a
8.1 decrease ir “naximei® rate of woriding relative to somtrol days;
foliowing tne inhsletion of isopropancl, thers was a small inoreass in

the rete of working relative to control deys,~ The difference between
*test” and "ocontrol® seri.s was of marginal ;sniﬂomce (0.05 < P < 0.1),
md‘g_qud, n tems of inoreased work of breething,

Ié

3. \ub-ma.:iml work tests showed an increase of oxygen consumption follow~
ing inhalation of 1lopropauol.f‘atka::: could be expleined in terms of
an inorease in the work of bdbreathing, "test® series showod no inoreasc
of ventilation following inhalation of GB, implying that the inorsase in
0, oonsumption was achieved by an inoreased efficionoy of gas transfer in
the lungs; no change of pulse rate, rise of body temporatw s, yrespiratory
rate, tidal volume, rupiratcr:,- quotient, or ventiluiory 7. valent for
oxygen was obssrved folloving administretion of GR,
eTnLs 6.
Cefenr .
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The group inhaling isopropanol showed 2 significant increase of
extraventilation in ths 15 min following exercise on the test day; this
resporse was not shown by those inhsling GB,

L, lLoocal symptoms of GB inhalation were unnoticed during vigorous exervise,

(8gd.) C. Lovatt Bvens,
Head, Physiology 8sction.

(Sga.) V¥.8.8, Ladell,
RIS/DG Assistant Director (Hedioel),
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INTROUCTION

No significent ohange of circulatory (1,2) or psychomotor (3) parameters
can be detected in resting man following exposure to moderate single bresth
doses of G3 (nominal 5 yg/kg), and it seems established that the effects of
GB are >ustricwsa under thece ounditions to (a) a modest snd rsther tren-
siont looei sotion on the respiratory tract (4,5), and (b) an inhitition of
esterases in the blood stream (4). The extent to which these responses to
GD ere modified by exsroise is less ocertain, Subjects have commented follow-
ing single breeth inhalations of GB that respiratory embarressmnt might
cause iiftioculty in runing (&), snd there have also bdecn reports of vomiting
in subjeots who had exercised following relatively heavy contaninstion of
the skin (300 ms) with liquid GB (6).

In the present experimental work, "maxir-l" and sub-maximal tests werc
oarried out on the dioyole ergometer in the period immediately subsequant
to & single-breeth orel inhalation of Gb (nocinal dose 5 yg/ky;, ‘n an
attompt to define what effect if any sunh a dose of GB i ht Znvr on tue
rate of working, and on verious parameters of ventilatosy and uniso pase
formance during exercise,
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MBTHODS,
Subjects and expeviment<l plan

The subjscts, sged 18-31 yr, were chosen from the voluntsers cozing to
Porton after a rigorous medioal examination and P~A chest radiograph to
sxclude sny men with possible pulmonary diseases. Blood ssmples were taken
for cholinesterase estimativn, eni no man whose rvd cell cor plasma cho'’=~
esterase was below "normal limits® was used as a subject.

Tweuty wan performed the maximal exercise test daily for five swoussive
days, Immediately before the ride on Day 3, half of them were given & single-
breath of GB vapour in en air/isopropanol vapour mixture (i), end the otiter
10 men took a single breath of the air/iscpropanol vapour alome. A further
twenty subjeots carried out sub-maximal tents thrice daily for ten suocessive
days. On the third day of the second resk (Day 8), half were given GB and
half the innoow.us vapour as in the maximal exercise tests,

Brercase tests

An slectrically-braksd bicycle ergometer was used in all tests, Details
of the spparecus and calibretion ourves are given in an earlier report (7).

(2) ™aximal® exercise. After & 15 min re:t period, subjects were instructed
to ride the dioycle as fait as they were able for a 5 min poriod, During this
period, the men were continuslly encouraged to keey up their effort. Most
subjeots maintained a pedal speed of L5-60 r.p.m.; on a normally geared wheel
bicyole, 45 r.p.m. would correspond to & rosdspeed of about 10 m,p.h., main-
tained up the "steep hill" provided by the sxternal load.

The average rate of working (watts) wmas noted each day, acl on w3y §
the expired sir was collected iu a Douglas bag for estimation of resu.:-tory
ainute volume and carbor dicxide output over the . zrdod 2% - 4 min foum the
beginning o the exercise,
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fv) Sub-maxims® exercise, After 2 45 win 1eet pericd, « constant rale of
working of 125 watts (746 kg.n/win’ and ebout 80% of *maximum" for these
subpota) was mainiained for 15 min, and svbjects were followed for a further
1% min during the recovery period,

4t the first run of each day, measurement was made of reeplratory
minute volume by dry gas meter (readings being cbtained at half minute
infervals throughout the 45 min period), pulse raiec (t:forve, 0, 1, I, 3, &, &
end 45 win after exeroiss), and roctal temperature (bef.::, 0 and 15 min
after exercize). On Days 1, 5, 7, 8 and 9, oxygen cons-urption, €O, output,
and respiratory rate were elso measured during the last xinute of exervise,

GB administration and Cholinegterase dspression

Tor the "maximal" exercise tests, GB was administered by the standard
single-breath technique (4). At the time of these tests, the weather was
cold, and come diffioulty was encountered with condensation of vapour in
the tcacstar, ‘he cholinesturase depressicns (red cell 18,3 + 12,7%,
plasme 14,6 + 7.9%) suggest that nct more than ebout @ half of the nominal
dcse of 5 yg/kg was actually inhaled, The technique of GB administration
was modified for the sub-maximal exercise tesis by (a) keeping the tonomster
warmed on a radiator until the moment of inhalation, and (b) asiing the sub-
jects to take several deep breaths from the tonometer until they were no
longer able to notice any taste in the mixture, With the modified procedure,
oholinesterase dspressions (red oell 35.3 4 7.8%, plasma 19,2 & 7.28) were o
1ittle greater than previously veported (4); it is probeble that scme 80% o'

the nominal dose wus retained in the body,
"Control” inhalution

The "oontrol" mixture contained the same volume of isopropuncl vapour
( ~70 ¥l.) to that presont .n the tonometers contalaing G vapour

* 4 watt = 5,97 kg.n/min = 44,2 £4.pd/min,
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RESULIS

1. *Maximal® exoroise tests

() "Coptrol® values, On the firat day of testing, subjects were able

to work at an average rate of 141-183 watts (842-1092 kg.m/min) over the

$ min period (Tsble 1), All subjects thought that sotivity had been

limited mainly by aching or tirednass of the leg muscles; ebout half of

the subjects felt that shortmeas of breath had also beer a imnmiting fzc.ur,

end one man {19) felt "sick" towards tio end of his test, The best performer (5.
bed been a club cyoiist; the remaining subjects had no specisl sxperience as
oyolists,

There was no signifiocant improvemsnt of "maximum® effori with repetition
of the test, although several subjeots commented that the ride seemed easier
on the second and subsequent days, "Contro)® values for Day 3 have thus
been caloulatad as the mecn of results for Days 2 and 4.

(b) Bffect of £R. in 7/10 subjests when given GB (Day 3), the rate of
working wes less then on the previous and succeeding days, However, the
asan loss of working capacity for the group (-2,3 2 1.8 watts) was smail,
and not astatistioally significant. The mean performance of the sontrol
subjeois was better on Day 3 than on Days 2 and 4, but not signifiocantly so
(see Tabls 1),

The incidence of chest symptoms after GB was less than under resting
corditions (4); only 1/40 subjects oommented on an increased diffioculty of
breathing Curing the ride, and 5/40 found it eas’sr on Day 3. VWhere "tight-
ness in the chest™ was noted, this did not appear for some 10 min after
ceasing the ride (1.e. 25-30 min after the Gp inhalation),

(o) Veatilatory messurements. Tuo maspiratory minute volume und oax¥..;
dioxide output 2f = 4% min efter commensing the exe:.is¢ on T ¥ 5 wero i-
the normal expected range for this rate of working (8). Both "test™ and

HECRET
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"oontrol" groups showed a significani reduction in the rate of working on
Day 5 relative to performance on previous days. Parallel oxperiments, cone
duoted over a fivc day period but without use of a Douglas bag on the fifth
day have not shown this deorement of performan.s (7), and the effeut
observed in the present work can probably be attribduted to the respiratory
rosistance offered by the mouthpiece, box-valve, and Douglas *5g; although
the added resistance is not great ( ~ 2 om H,0/1/2e0 at 85 .min flow),
the effeoct on "mayimal" performence was greater than “het of iha b
inhalation,

2, Bub-maximal exercise tests

(a) Control yalues, Performance over the two week test period followed
the general pattern previously described (7). There were no signifiocant
differences in any of the parameters measured between days 7 and 9, and

control values have therefore besn calculated as “he mean of results on

these tws days,

(b) Bffuct of GB. The only change seen following inhalation of GB on Day 8
was & small inorease of oxygen consumption relative to control velues

(+ 64 % 32 ) STPD/min); this was of marginal significence (0.05< P < 0.1).
The group who inhaled isopropencl on Dey 8 showed a decrease of oxygen
oonsumjtion, perhaps dus to anxiety, end the true extent of ths change in
oxygen oonsuption due to GB i¢ thus given by the difforencs betwesn the

test (GB)group and the oontrol {isopropancl) series; this Aifference is
statistically significant (A= 98 + 42 ml/min, 0,02 < P <0,05),

(o) Bffeot of isopropancl. Oxygen consumption and CO, output were deoreas .

on Dey 8, relative to oontrol values, The ventilation wes ii.. iiguii.cantdy
inoroased following exercise on the test day (extrsventilatic:. & :5 min
after exoroiee + 1.60 & 0.74 1L/min ATPS, relstive to oontrol 3a:.2s).

SECRET
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DISCUSSION

Little attention has previously been paid to quantitative aspects of
physical working cepacity during or following the inhalation of anti-
cholinestoruses, Vomliing heas been described as a sequsl of exeroise in
subjeats given large percutaneous doses of GB (6)., Bxercise during chamber
exposures to GB has also increased the "toxiocity” of this agent to esperi-
mental enimals (9), dut this oouid be a secondary manifestation of (i) **¢
larger dose of irhaled for a given ot with inoresss of resp..atory minute
vOlwuo, and {il} changes in the rate and site of s~crption sith more rapid
inhalation of the agent (5, 10). In the present work, variatioms of dose
and rate or site of abeorption with exeroisze wors avoided, sinse the GB was
given undsr standard conditions prior to the exercise, A decrease of maxi-
nun breething oapacity has 2130 been desoribed following inhalation of GB
(11, 12); this probably represents a locel effect o UL on airway resistence
rather than &« 4eneral decrease of musoular eapavity.

The presc.. work shows that roderate doses of GB have little influence
on either the "muximal® rate of working or the performsnce of sub-maximal
work tests, Objections to "meximel®™ work tests are well recognised., The
level of achievemant may dcpend to a oonsiderable extent apon the motivation
of the subjcots, their personslity, and attitude to the tests (7); however,
psychologicaliy “normel® individuals will perform ore 5 min ride daily for
5 days without Jeorament of effort dve o loss of .otivation, and in both
*test® nnd "oontrol" series of the present group there was in general good
agreemont in the results for Days 2 and 4 (when no treatment was applied).
Thus unless motivation was specifically disturbed by the troatment on Day 3,
any ohenge in tha rate of working on Day 3 relative to Days 2 and 4 should
be attributable to the treatment applied, The largest differens is cbt-ired
if the rasyonse of the "test" sarie. 4GB (~2.3 4 1.8 watts) is comparc”
with the response of the "oontroi" series A iscpropanol (+ 4.5 4 1.3 watr Je
Bven oeloulated in this way, the difforence in beiieviour of "test™ and
"oontrol® sories (~4.2 & 2.2 watts) is of marginal significance
(0,05 < P < 0.10), and ocould eesily be explained in terms of an increase
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in the work of breathing dus to bronchospasm, without postulating any more
general alteration of muscular performance., Indeed, a similar reduction
in the "maximal® rate of working is seen when using standard respiratory
eqyulpment such as a Douglas bag or a resvirator.

Thy inorease of oxygen consumption during the sub-maximal work tests
oen similarly be attributed to an inorease in the work of breathing, The
Zfaot that this increase of oxygen consumption is achieved without e
parallel inorease of ventilation suggests that tho inhalation of anticholin-
estorase may have inoreesed the efficiency of ges vransi:+ in the lungs.
Soiws evidence in support of this view was found in earlicr studies of carbon
monacide uptake following inhalation of GB (13),

With larger doses of GB, the work of breesthing might ve increased
further by changes in lung and/or ohest compliance, and wlterations in the
efficiency of the respiratory muscles. Reduction of cerdiac output (14)
wouwld further limit transfer of oxygen from the lungs to the tissues, and
periphers) effects such as sccumulation of acetylchnline might reduse the
nechaninal effl.senoy of the leg ma.cles per so. However, present
evidenco {5, 16) suggests that nome of these effects would be very
important unless the dose was close to the lethal level; this is thus a
hypothesis that cannot be tested experimontally in man.

The fact that locel symptoms of anticholinesterase poisoning are less
obvious when the mind of the subject is diverted by ctrenuous exercise is
periaaps not surprising, but if the same is true of systumic symptoms,
this would present an important obstacle to any scheme of therapy where
part or ull of the treatment wus withheld until such sympioms appeared,
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(a) ’Test*series
e,
Ratoe of work| Rote of work | Rate of work' Rate of work| Meen of 2 & &4

Subject Day 4 Day 2 Day 3 (GB) Day 4 (ocntral)

watts watis watts watts watts watts

1 114 tin 140 138 139.5 + 0,5

2 162 148 142 142 145.0 - 30

3 183 174 173 177 7545 - 2,5

4 142 15 142 qL6 153.5 - 14,5

2 157 154 143 15y 156.5 =135

. 162 161 165 161;. 152.5 + 205

8 145 145 146 1he 143.5 + 2.5

9 162 160 440 158 159.0 + 2.0

10 153 162 163 164 463.0 0.0

Moan £ S,B.| 155.8 * 44,0 | 155.0 % 3,0 [153.4 £ 3,8 [155.8 £ 3.8 [ 155.4 £ 3.4 | =~ 2,7 £ 1.8

(b) "Control" series

Hatc f work| Rate of work| Rate of work| Rate of work| Mean of 2 a
Subjeot Day ¢ Day 2 Dey 3 (ipa) Day & (oontrol 1sopropenol

watts watts watts watts watts watts
11 155 162 168 167 16445 + 3.5
12 1558 155 159 155 155.0 + Lo
13 . 147 149 148 147 448.0 0.0
14 6 172 170 170 174.0 - 1.0
15 152 156 157 153 154.5 + 2,5
16 182 158 156 169 163.5 ~ 75
17 152 155 155 148 $54.5 + 3.5
48 448 104 150 152 143,0 + 2.0
19 156 149 162 | 159 154,0 + 8,0
20 455 15, 157 152 153.0 + L0

Moan * S.B.| 153.3 4.3 | 155.4 % 2.4 |158.2 % 2,3 1457,22 2,7 [ 156.7 " 2.4 | +1,9 2 4.3
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TABLE 4
%ri@.hywemwg_..ﬁhﬂwm”miﬂd orai inhaletion of GB an
vasour Imydiately prior tc third ride, —Wontroi" series recoived 1sopropanl vapoyr alone '
LQ
Rate of work | Moan of 2 & & i Rate of —~ork A .min,vol,.
o b e, Ace Dey 5 - noapD svol co. output Comment
(Dousl” bag) Douglas bag nd Day 5 after
watts watts watls vatts watts 1/uin STFD | 1/nin STED B
4138 1339.5 4+ 0.5 133 - 6.5 50.4 1,33 More dotermination '
nesded. ;
142 4145.0 b= 3,0 4138 - 7.0 5.4 1.57 Rido hmder
177 175.5 - 205 172 - 305 7308 204’ ide harla-
156 153.5 - 41.5 157 + 3,5 58.8 1,95 |More out of treath
159 156.5 -13.5 150 - 645 643 1.85 [Ride harder
16‘0‘ 16205 + 2.5 162 - 005 ‘&708 '.'018 Ride '“1“
158 456,0 -~ 1.0 147 - 9,0 56.9 1.47 Ride easiar
142 143.5 + 2,5 144 - 2.5 49.5 4.35 [Ride essier
158 15900 + 300 162 + 300 08010- 1086 Ride essiar
16‘0- 16300 0.0 160 had ).0 66.8 2013 No fdfference
455.8 £ 3,8 | 155.4 ¥ 3.4 -2, t4.8] 152.2 3,9 |=~3.214,3 58.8 £ 2,9 | 1.84 £ 0,42
Rato of work| Mean of 2 & 4 A | Wate of work A Rospemin.vol.| €O output Comment
Day & {. atrol isopropannl - F'i-‘r 5b ) Nougles bag Day 5 *Day 5 after
waris wetts sabts "m‘éag’“ 68 watts 1/min STFD | 1/min STFD isopropanol
167 16445 + 3.5 142 - 22.5 3940 1.33 |Spoiz before uyos,
but ride easier.
155 155,0 + b 154 - 1.0 67.3 1.5 | Less out of breath
147 148.0 0.0 1bdy - 4,0 72.8 1.72 Legs aohe less
170 i71 .0 - 100 166 - 5.0 66.1 20".- Less out of breath
155 154.5 + 25 148 - 6.5 5.4 1.49 Legs ache loss
169 163,5 - 75 152 = 445 58.4 1.82 Rido casier
148 1%.5 + 3.5 1 - 40.5 7341 1.77 |Legs wosker, dut i
breasthing easier. !
152 14‘3-0 + 2.0 120-6 - 2.0 7103 1.90 us’ ache nore, but H
bdreathing sasier.
159 154,0 ¢ 8.0 154 c 5}.8 1.8, No aifferance ;
152 153.0 + L0 150 - 3.0 60,9 4,78 iRido easier, Dut ;
imoro out of breath, |
157.22 2,7 | 156.3 2 204 | 4449 £ 1.3]149.7 2 2,3 |~ 6.6 24| 6z 1,2 1,802 o.oai
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