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Parton Technical Paper No. 855

copy No. 7

"ICAL PPORA OC PMO l MUMEE OF 2B

by

1. *Maxmal* work tests have been carried out an 20 subjects, and sub-

aximl work tests cn a further 20 subjeots, using an electrically braked

bicycle araee

2. allowing the inhalation of GB (nominal dose 5 W/kg) there was a
a:.,el decrease in UcwnimLb rate of wortldn relative to control days;

fo ilo-ng t.e inhOation of isopropanol, there was a small increase in

the rate of working relative to control ays ) The difference between

*test* ad "control" eera was of sanifloance (0.05 < P < 0.1),
and ooj be baapla±L4 .VI& A m_ term of increased work of breathing.

3. 4ub-maximal work tests showed an isorease of oxygen conawiption follow-

ing inhalation of isopropenol.-Ih e again could be explained in terms of
an inorease in the work of breathing,"he "test" series show0d no inorefsc
of ventilation followi g inhalation of QB, implying that the increase in
0. consumption was achieved by an increased efficiency of gas transfer in
the Ings; no change of pulse rate, rise of body *f poratut% respirstor/
rate, tidal volume, reapircior7 quotient, or ventil.Lory 1,j-'valont for
o cn 1as obsorved t olawiog administration of GP.

' t *

by Low.



Ihe group inhaling isopropanol showea a signifioant increase of

extraventilation in the 15 min fofloiing exeroise on the teat day; this

resporse was not shown by those inhaling GB.

4. Looal symptoms or GB inhalation were unnotioed duing vigorous exeroise.

(Sgd.) C. Lovatt EvaR,

Head, P .ysiology Sction.

(Sgd.) W.8.80 Lade,
R38/DG Assistant Dirwetor (Madioal).
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ME=ICA PWODKANCK MUMWIN D ALan0'2J

by

R.J. Shephard

No uignifloent ohange of circulatory (1,2) or psychomotor (3) parameters

can be detected in resting man folloing ezpoaure to moderate single breath

doses of G3 (nominal 3 Vg/kg), and it seeme established that the effects of
GB a- xu riomsa under there ondAitions to (a) a modest and rather tran-

siont local action on the respiratory tract (4,5), end (b) an in ibition of

esterases in the blood stream (4). The extent to whioh these responses to

CG are modified by exercise is less certain. Bubjeots have commented follow-
ing single breath inhalations of GB that respiratory embwrrrnnt might

cause ifli oulty in raining (4), and there have also been reports of vomiting

in subjeots who had exercised following relatively heavy £ itaminztior of

the ukin (300 mg) with liquid GB (6).

If. the present experimental work, Omaximl_" and sub-Paxial teats wero

carried out on the bicycle ergometer in the period immediately subsequeat

to a single-breath oral inhalation of ;B (n&zinal dose 5 , "n az

atteopt to define uhat effeot if &n sunh a dose of GB miht o on t&

rate of working, and on vArious parameters of ventilatvi7 ancd urtiao pr.:-

foroance during exercise.

I.
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Subleots andea e .e.,'l ylan

he subjects, aged iS-3i1 yr, were chosen from the volntaers oozing to

Porton after a rigorous medical examination and P-A chest radiograph to

exolude any man with possible pulmonary diseases. Blood samples were taken

for oholinesterase estimation, ena no man whose red cell or plasma oho 'l .-"

esterase was below "normal lmits" was used as a subjeot.

Twety man performed the maximal exercise test daily for five sucoessive

days. Imediately before the ride on Day 3, half of them were given a single-

breath of GB vapour in en air/isopropanol vapour mixture (4), and the otzor

10 men took a single breath of the air/Isopropanol vapour alone. A further

twenty subjects carried out sub-wraimal tests thrice daily for ten sucoessive

days. On the third day of the second reek (Day 8), half were given GB and

half the innoow.,us vapour as in the maxima exercise tests.

Zzexuaae tests

An eleotnioally-brak m bioycle ergometer was -. ed in all tests. Details

of the epparsus and calibration curves are given in an earlier report (7).

(e) "3DkIa UxI eurcise. After a 15 min ret period, subjects were instructed

to ride the bicycle as fat as they were able for a 5 sin period. During this

period, the man were oontinully enoou.-ued to keep up their effort. Most

subsots rainitined a pedal speed of 45-60 r.p.m.; on a norally geared wheel

bicycle, 45 r.p.m. would correspond to a roadapeed of about 10 m.p.h., main-

tained up the "steep hill" provlded by the external load.

7he average rate of working (watts) .as noted each day, &-4 or !:5

the expired air was collected ir a Doulas beg for estimation of r.", . .tory

minute volume and carbon dioxide output over the .;rod 2J - 4J min fsM the

beginning of the exercise.

2.



(b) Sub-meximas ' exercise. After -- 15 min i-e t period, s constant rabe of

working of 125 watts (746 kg.N/miz and about 80% of "maximum" for these

subJota) wab maitriauned for 15 min, and subjeets were followed for a further

15 m3.n during the recovery period.

At the first run of each day, measurement was made of respiratory

minute volume by dry gas meter (readings being obtained at half minute

intervals throughout the 45 min period), pulse rate (b~fore, 0, 1 , 3, 3 .
and 15 mi.n after eerooen), and roctel temerature (bet, 0 and 15 min

after exeraise), On Days 1, 5, 7, 8 and 9, oxygen contdiwtion, CO output,

and respiratory rate were olse measured during the las. :inute of exercise.

GB admtinistration and C-holinesterese desreesion

Yor the "aximau exercise tests, GB was administered by the standard

single-breath technique (4). At the time of these tests, the weather was

cold, ant come difficulty was encountered with condensation of vapour in

the tcnv, ,;;ar. ' he cholne %rase depressicns (red cell 18. ± 12.7%,

plasma t%.. + 7.9%) suggest that nct more than about a half of the nominal

dcse of 5 " was actually inhaled. The technique of GB aWinistration

was modified for the sub-maximal exercise tests by (a) keeping the tonometer

warmed on a radiator until the moment of inhalation, and (b) asking 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 modifted procedure,
oholinesterase depressions (red cell 35.3 t 7.8%, plasma 19.2 + 7.2%) were a
little greater thAn previously reported (4); it is probable that some 80% to'

the nominal dose was retained in the body.

MContrlol inalatio

The *oontrol" mixture contained the same volume of iopropan. vapour

(..-o V1..) to that present .n the tonometers oont aing 1'1 vapov-

* w att - 5.97 kg.m/min = 44.2 ft.pd/min.

BBOET
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RESULTrS

I1. xMaximal" exereise testsa

(a) "Control" values. On the first day of testing, sabjeots were able

to work at an average rate of 141-,83 watts (842-1092 ka./Amin) over the

5 mn period (Table i). All subjeots thought that activity had been

limited mainly by aching or tiredncss of the leg muscles; about half of

the subjects felt that shortness of breath had also beer a 3 tJ ,ting f= _ar,

and one man (19) felt "sick" towards tho and of his test. The best performer (,
bad been a club cyclist; the remaining subjects had no speoica cxperienoe an

cyclists.

There was no signifioant inprovemont of *maximum" erfort with repetition

of the test, althoagh several subjects commented that the ride seemed easier

on the second and subsequent days. "Control* values for Day 3 have thus

been calculated as the mean of results for Days 2 and ).

(b) Et~eot of 0.1. An 7/10 SubjrS when given GB (Day 3), the rate of

working was less then on the previous and succeeding days. However, the

asan lcse of working oapaoity for the group (-2.3 t1.8 watts) was small,

and not atatistoglly significant. The mean performance of the control

subjects was better on Day 3 than on Days 2 and 4, but not significantly so

(see Table i).

7he incidence of chest symptoms after GB was less than under resting

conditions (4); only 1/10 subjects commented on an increased difficulty of

breathing Curing the ride, and 5/10 found it eas.cr on Day 3. Whore "tight-

ness in the chest" was noted, this did not appear for some 10 min after

ceasing the ride (i.e. 25-30 ain after the Gi inhalation).

(o) V entilatory measurements. ?e respiratoz7 minute volume toad o..:

dioxide output 2 - 4 ain after oomenoing the exe- Ase on r y 5 wer :i-

the normal expected range for this rate of working (8). Both "test" and

imCiNT
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"control" groups showed a signuflcant reduction in the rate of working on
Day 5 relative to perfonae on previous days. Parallel experiments, con-

duted over a fik, day period but without use of a Douglas bag nn the fifth
day have not shown this deorement of performam.. (7), and the effeat
observed in the preaa t worz can probably be attributed to the respiratory
rosistance offered by the mouthpiece, box-valve, and Douglas %g; although
the added resistance is not great ( - 2 am H,0/l/eo at 85 A/An flow),
the effect on "maximal performance was greater 1.V#nn thet 0 ttc %YS

inhalation.

2. -b-maximal exercise tests

(a) Control values. Performance over the two week test period followed

the general pattern previously described (7). There were no significant
differences in any of the parneters measured between days 7 and 9, and
oontrol values have therefore been calculated as the mean of results on

these two f ys.

(b) IfAw 9f GB. The only ohmnp seen following inhalation of GB on Day 8
was a mall increase of oxygen consumption relative to control values
( 64 ± 32 ml S)/min); this wes of marginal s if ieance (0.05 < P< 0.t).
The group who inhaled isopropenol on Day 8 showed a decrease of o3,een
oonsuektion, perhaps due to anxiety, and the true extent of the change in
oxygen consuption due to QB i thus given by the ditfference between the
test (GB)group and the control (isopropanol) series; this difference is
statistically significant (A 98 ± 42 al/in, 0.02 < P < 0.05).

(e) R tfet of isoronanol. Oxygen consumption and COg output were dee r
on Day 8, relative to control values. The ventiation -on en
increased following exercise on the test day (extiavantiltarx. . ;5 min
after exercise + 1.60 + 0.14. 1/min ANS, relative to ontrol v': :s).

5.



Little attention has previously been paid to quantitctive aspects of

pbjsioal wodrking capacity during or following the inhalation of anti-

cholinestoruses. Vomitn has 'een described as a sequel of exercise it

subjects given large percutaneous doses of GD (6). Exercise during chamber

exposures to GB has also increased the *toxicity* of this ngent to erperi-

mental animals (9), but this ootad be a seeondary manifestat4on of (i) +'

larger dose of GB irhaled for a given at with increase of resn.atory minute

vol , and (il) ohanges in the rate and site of aOcrpbion vnith more rapid

inhalation oi the agent (5, 10). In the present work, varial.ins of dose

and rate or site of absorption with exercise ".-q avnoled, since the MB was

given umder standard conditions prior to the exercise. A decrease of saxi-

sum breathing ospacivy has also been described following inhalation of GB

(il, 12); this probably represents a local effect of 95 on airway resistance

rather than b. 4neral decrease of muscular oa ity.

The .i, ,tork shows that nodaate 6oses of G have little influence

on either the "mzimal* rate of working or the performance of sub-maximal

work tests. Objections to "maxzial" work tests are well recognised. The

level of achievueiat may depend to a considerable extent don the motivation

of the subjects, their personality, and attitude to the tests (7); however,

paychologically "normal" individuals will perform or.a 5 min ride daily for

5 days without ,orament of effort due to loss of 'otivation, and in both

"test' rAd "control* series of the present group there was in general good

eeement in the results for Days 2 and 4 (when no treatment was applied).

Thus unless motivation was specifioally disturbed by the trratment on Day 3,
any change in the rate of working on Day 3 relative to Days 2 and 4 should

be attributable to the treatment applied, The largest differen, is c.bt,ire

if the romyonse of the "test" serie. GB (-2.3 ± 1.8 watts) is c.7pa1ar-.

with the response of the "oontrol" series A isopropanol (. 4.5 + 1.3 wat., .).

Iven oelculated in this way, the difforence in bcjaviour of "test' and

*control" series (-4.2 t 2.2 watts) is of mrginal significance

(0.05 < P < 0.10), and could easily be explained in term of an increase

S3C3



in the work of breathing dua to bronohospasm, without postulating any more

general alteration of muscular performance. Indeed, a sii1ar redun'tion

in the "maximal" rate of working is seen when using standard respiratory

equipment ouch as a Douglas bag or a respirator.

lho increase of o)'gen consumption during the sub-maximal work tests

can similarly be attributed to an increase in the work of breathing. The
fact that this increase of oxygen consumption is achieved without a
parallel increase of ventilation suggests that the inhalation of anticholln-

esterase may have increased the efficiency of gas vranafro in the lungs.

Sohw6 eT4eewe in support of this view was foun& in earlior studies of carbon

onamdd uptake following inhalation of GB (13).

With larger doses of GB, the work of breathing might !e increased

further by changes in lung and/or ohesa, comp31ance, and alterations in the
efficiency of the respiratory muscles. Rcluction of cardiac output (14)

would further limit transfer of oxygen from the lungs to the tissues, and

poripherrl effects such as accumulation of acetyloholine might reduce the

Maolwtdhal. e'fi.a.enoy of the leg m.Loles per so. However, present

evidence "*.5, 16) suggests that none 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 experinentally in man.

he fnot that local symptoms of anticholinesterae poisoning are less

obvious when the mind of the subject is diverted by etrenuous exerise is

periaps not surprising, but if the sawe is true of systumic symptoms,

this would present an important obstacle to any scheme of therapy there
part or ull of the treatment whs withheld until such symr~toms appeared.

The oholinesterase daterminations were carried oat ,y tli-. i irng.

Technical assistance jth the bicycle ergometer tests wLs .v, ,-

Opla. PouLgar and Purchase, and by H. Frost.

(Bgd.) C. Lovett-vans,
Head, Physiology Section.

RJS/)G (Bid.) .b.s. LWeil,
Assistant Director (Medical).
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Pilornwnce on olectrio braclc bic, o 01

ooanal 3.a a mao aiato1y
(a) 'Teseeries

Rate 'nf workIRtoe fowork Rato of work Rate ofwork Kee of 24
Subjeet Day I Day 2 Day 3 (GB) Day 4. (ocntrvi) GB

watts watts watts watts watts watts

1 141 141 140 138 139.5 + 0.5

2 162 148 142 142 145.0 - 3.o
.3 183 174 173 1 ' "5.5 - 2.5
4 1J42 151 142 1,6 153.5 - 11.5
5 157 154+ 143 15' 156.5 -13.5

162 161 165 161 162.5 + 2.5
7 151 154 155 158 156.0 - 1.18 145 145 146 I " 143.5 + 2.5
9 162 160 1 158 159.0 + ).0

10 153 162 163 164 163.0 0.0

Mean I S.3. 155.8 ± 4.0 155.0 ± 3.0 153.1 -± 3.8 155.8 ± 3.8 155.4, ± 3.4 - 2.1 1.8

(b) *Control' fsrors

Ratc. ?f work Rate of work Rate of work Rate of work Mean of 24'

SubJect DWy (control) isopropezol.
wctta watts watts watts watts watts

11 155 162 168 167 164.5 + 3,5

12 155 155 159 155 155.0 + 4.o
13 147 149 148 147 148.n 0.0
14 461 172 170 170 171.0 - 1.0
15 1 2 156 157 153 154.5 + 2.5
16 152 158 156 169 163.5 - 7.5
17 152 155 i55  14 151.5 + 3.5

18 148 10 150 152 143.0 + 2.0

19 156 149 162 159 154.0 + 8.0
20 155 154 157 152 153.0 + 4

Moan ± S.Lo 153.3± 1.5 155.4 ± 2.4 158 2 1 2 157.2 i 2 715b 2 1.9 13

.3 1.3 159 ,

9.
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SEGRET -

,y-1rftked bi zeter. "TOW Serios rol ived oral inhia1'tin of G n d I II .
va,iour im3zdiatolX rior tc third ridoW Conz-Tl sor7e3 reoco-ed isoproamn,' vapou' alone

Riate oa work Moan of 2 & 4! Rate of -ork A o a p.min.vol. CO a output Coent

Day 4 (control) AG Dy5 Dougas beg Dy5 'DayS fterI(Douglas bug) l/aiia SSPD ami SP Gewatts Watts Watts watts Watts

138 1 3q.5 + 0.5 133 - 6.) 50 .4 1.33 More determination
needed.

142 145.0 - 390 438 - 7.0 51.1 1.*57 Ridebazder
177 175.5 - 2,5 172 - 3.5 73.8 .43 -i. harm"
156 153.5 - 11.5 157 + 3.5 58.8 !.96 ore out of breath
159 156.5 -13.5 150 - 6.5 64.3 1#85 liAe hrder
64 162.5 + 2.5 162 - 0.5 47.8 1.0 Ride e sier

158 156.0 - 1.0 147 - 9.0 56.9 1.47 Ride easier
142 143.5 + 2.5 141 - 2.5 49.5 !35 .ide easier
158 159.0 + 3.0 162 + 3.0 68.4 1.86 Ride easier
164 163.0 0.0 160 - 3.0 66.8 2.13 No d:ffeerzoe

155.8 ± 3.8 155.4 ± 3.4 2.- ± 1.8 152.2 ± 3.9 -3.2 ±t 1.3 58.8 1 2.9 1.81 ± 0.12j

Rato of work Hear of 2 4 aate ct work 6 osp..in.rol. CO aoutput doment
nD:4s I watts bLta w. .b5

Watts ... i'1 isopropanol' :cga bug Po,,la bg DyDay 5 After
wat .Lbwatts watts I/min STFD I/min SfPM isopropenol.

167 165 + 3.5 142 - 22.5 39.0 1.33 Spot3 before a es,
.but ride easier.

155 155.0 + 4.n 154 - 1.0 67.3 1.5" Less out of breath
147 t48.0 0.0 144 - 4.0 72.8 1.72 Loeps loss
170 171.0 - 1.0 66 - 5.0 66.1 2.34 Less out at breath
155 154.5 + 2.5 148 - 6.5 45.4 1.4.9 Lep abe loss
169 163.5 - 7.5 152 - 11.5 58.4 1.82 Ride easier
148 151.5 + 3.5 141 -10.5 73.1 1.77 Logs weaker, but

breathing easier.
i502 143.0 + 2.0 146 - 2.0 71.3 1.90 Logs ache mare, but

breathing easier.
159 151.0 8.0 154 0 69.8 i A1.84 No differnce
152 153.0 + 4.0 150 - 3.0 60.9 1.78 Bi)te Pasiw, but

__re out of breath.

15-. -0 62. I 80 0.
157.2 ~2.7 156.3 ± 2.4 + 1.9 - 1.3 149.7 ± 2.3 -6.6 ± 2.1 62.4 ± 1.2 1.80

9.
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