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AL BSTDUTS OF T N DRUTION 1(CH)50

By

ReJ, Shephard

SDIUARY

1 Methods of estimating the inhelation L(Ct)50 are outlined.

2, Reasons are suggested for basing caloculations on the ratio ChE50: ID50;
this gives an estimate of the average L{Ct)50 that is probebly valid to within
4 3% for brief exposures, with widsr limits for longer exposures,

3. The L(Ct)50 varies with the metabolic state of those attacked, Under
resting oonditions, the average figure is probably at least 135 ns.nin/n’ 3
with aotivity the average may be less than 50 l:as.m:m/m3 .

L, These figures represent the best possible estimate based on data available
from both U.S. and the U.K.
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OF % INHALATION L(C%)50

By
RyJ, Shephard

4. HISTGRICAL, The human inhalation L(Ct)50 has usually been celoulated
fron an assuned ventilation (410 1/min in the resting state) and an ID50
(ng CB/kg) obtained by one of several methods of extrapolation, Couplete
retention of inhaled GB has usually been assumed,
(a) The U.K, epprossh, Ainsworth, Davies and MoKee (1) gave
single-breath inhalations of GB (¥ - 3 pe/kg) to 36 subjects.
The dose of GB was plotted against the logarithm of the
peroentage of uninhibited red oell ensyme, and by considereble
extrepolation of the graph, the dose for 90K inhibition was
estimated at 11 = 29 pg/kg, with a most probable value of
16 pg/kg. The assunmptions of the method were
(1) that the dose of GB causing 90% inhib'%icn of red ocell
cholinesterase wes the ID50, and
(41) that the dose of GB was linearly related to the logaritim
of the percentage of ensyms remaining after administration
of GB., The last assumpticn was checked by giving GB to
rebbits (inhalation and 1.v.) and guinea pigs (s.c.) over
a wider dose range, No gross departure from this relation-
ship was apparent, but the number of cbservations was not
adequate to study tle fine details of the ourve,
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Assuning a ventilation of 10 1/min, with 100% retention of GB,

the resting L(Ct)50 was pleced in the range 77 = 203 ng.nin/n’,
with & most probeble valu: of {2 mgmin/n’, It is now known
that assumption (1) 4s not universally true. Many species of
animals remain active when the red ocell cholinesterase is 90%

inhibited, and recent U.8, experiments suggest the same is true
of man, If a figure of 95% inhibition is taken, the estimated

1(C4)50 vould be 22 ne,min/s’,

The U,8, approach Silver (2) considered that during short
exposures to GB vapour, the inhalation ID50 for a number of

leboratory animals epproached the intravenous IDS0 of about
15 we/kg. It was assumed that the same would be true of man,
and again scoepting a respiratory minute volume of 40 )/min,

with 1008 retention of agent, the L(Ct)50 would be 105 ng.min/m’
for a 70 kg man, ‘

2, PRBSENT POSITION, The basic method of estimation has altered little,

but much more information is now available on the response of man to moderate
doses of GB by inhalation, on the respiratory minute volume during exposurd . .
end simulated exposure to "nerve gas", and on the retention of inhaled vapours.

(a)

Bxtrapolation to ID50, The estimation of the LD50 remains the
weakest link in the ohain of evidence. To the criginal two methods
of extrapolation has been added a third, based on the ratio of the
ChB50 to the ID50; this seems the procedure of choice, for the
reasons disouased below,
(1) Cholinesterasr inhibition at LDSO, VWhether log-probit (3)
or seni-logarithaio plot of the date is used, the extrapolation
is oritically dependent on the slope, whioch in man can only
be deternined over a very small part of the dose range of
interest; further, there is no certain evidence that 907 is
the desired inhibition. From the data of Callaway, Davies and
Rutland (4), in meny species the IDS0 dose corresponds to >95%
inhibition of whols blood and red cell cholinesterase:

SECRET-DISCREET
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C e cenmms il

8pecies ID50 Corresponding cholinesterase
(ve/ke, s.0.) L iten
! Whole blood | Red coll ,
Rebbit 35 i 97 L > 99,9 |
Monkey 25 97 ‘
Guinea Pig 38 98 > 99.9 '
Rat 109 9 :
Pigeon 52 88 :

(41) ;nter-ggoéies oomparison of ID50; There is a wide range of specio:
variationin irhalation toxicity of GB, and the supposition that

inhelation toxioity approaches intravenous toxioity (2) is not fully

borne out by experinental data.

The inhalation toxiocity apparentl;

inoreases with a decrease in the duration of exposure (5 - 8);
however, even with short exposures (9 - 10), the intravenous LD50
is exceeded by a faotor of 1.7 - 2,0

8pecies ‘ Inhalation LD50 Intravonous LD50

ne/kg ve/ke

Rat (4) 165 - 209 80 N

Guinea Pig (4) - 7 32

Guinea Pig (9) - k-7 32 - 36

Rabbit (4) 25 - 52 19

Monkey (4) 6 - 48 -

Monkey (9) 15 - 38 18 - 23

Sheep (4) 58 - 76 15 - 20

Dog (9) 28 - 52 18 - 28
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(111) Ratio of ChE50 to IDSO, The ChB50: ID50 ratio has been
thought rather oonstent in different species, UK, data

(4) show & renge of 3.2 - 6,3, with a mean value of sbout 4.0:

Species ChE50 H ID50 ratio
Whole blood Red cell
Rabbit 43 6.0 1163
Monkey 13 6.3
Guinea Pig 13 33 113 3.4
Rat i: 302
Pigeon 13 b0

U.S. experiuents show a mean value 3.9 (11)s The use of the

ChB50 : ID50 ratio as abmis of extrapolation seens prefersble to
oethods (1) end (ii). The guantities involved (ChB50 and ID50 in
aninals, ChE50 in man) can all be measured acourstely, and no
sssumptions are nade about the shape of the cholinesterase inhibition
ourve in the rengs 90 - 95X inhibition, whioh is difficult to check
experinentally, The influsnce of route of administration on the
ChR50/ID50 ratio is less than might be anticipated, changes in LD50
being matohed at least in part of changes in ChR50, Thus, the follow-
ing ratios heve been reported for the rebbit:

Route of adninistration 1D50 VWhole blood| ChB 50 : LD5O
(ve/kg) Che ratio
& at m5°

Suboutaneocus (i) 3» 97 1 ¢ 6,0
Intraverous (9, 3) 19 9% 1 1 o
Inhalation (9, 1) |25 -~ 52 97 - 100 1 ;o 5.2

1 3 1008

SECRET-DISCRENT

b



SECRET~DISCREET

In the case of the inhalation experiments, the ratio increased as

the duration of exposure was lengthened, With large doses of GB,

the cholinestercse inhibition at the ID50 also varies with exposure
tine, Thus some figures of Cullumbine, Collaway, Ainsworth and
Iynoh (412) show that in the sheep the ID50 with 2 min exposure is

76 pe/kg, with 90% cholinesterase inhibition, and with 10 se0

exposure the ID50 is 58 ng/kg, with 95,9% inhibition of whole blood
oholinssterase, This difference is sufficient to preclude effeotive
use of prediotion method (1), On the other hand, the ChR50 dose seens
relatively independent of the duration of exposure (13, 14).

(b) The inhalation red cell ChESO in man, Whether based on very

brief exposures (single-breath technique, 2 sec or less) or
45 min chamber exposures, the ChES50 oan be placed feirly ocertainly
between 4.0 and 5.0 pg/ke:

Method of Method of | Number of | Batinated red cell |
inhalation extrapolation subjeots ChE50 (peg/xg) '
8ingle breath ( 1) | Semi-log plot 36 he7 |
. *  (14) | linear regression 73 5,00 i
.. log/probit plot(3) | 29 paired obsd L. Or ¢
. ’ 131 obs, 'I-.’O" é
Chagber i
45 nin seated 92
1 0
+5 uin nerohing og/probit plot(3) " 5

In the ohsmber exposures, the inhaled dose has been back-oeloulated (14)
frou the Ct and the ventilation measured in parallel experiments, using
96% retention for the resting experiments (15) and 90% (10, 16) for the
exercising nen.

*In these caloulations, 67X recovery of nominal dose assumed (14).

5
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(o) TIhe inhslstion ID50, If nan oan be assumed to behave more like
o nonkey than sone of the smell species, the ChE50 s ID50 ratio
of 1' FR X nay be rather low. A better estinate might be
1 1 5 for short exposures (€ § min) and 4 & 14 for longer exposures
()‘2 min), On this basis, the inhalation ID50 would be:

Duration D50 Total dose for
70 kg man

€ ¥ min 20 - 25 pg/kg 1400 - 1750 pg

 2min 4 - 55 3080 - 3950

The influence of duration of exposure on the LD50 renains somewhet
uncertain, It is olear fron the figures in seotion (b), ebove,
that at doses likely to produce <50% inhibition of circulating
ocholinesterase, the effectiveness of a given inhaled dose is
sinilar during both "singlo-breath® and 15 nin chamber exposures,
However, with larger doses, the probadllity of extravascular

spread will rise with inorease of conoentration of the agent in

the blood stremn, and for this reason the toxicity of a given

large dose nay be grecter when it is inhaled rapidly.

The total dose corresponding to the ID50 will rise with body
weight; however, this will be offset to some extent by corresponding
differences of respiratory minute voluue, and over a snell range of
body weights differences in L(Ct)50 frou this fector oen probably
be negleoted.



(a) Ppercentaze retention of inhaled GB,
96% retention of GB during nasal breathing (15).

SECRET-DI SCREET

Direot neasurement has shomm

Caloulation

suggests €8 = 90% for oral breathing (16); U.8. figures are a
1ittle lower (83 - 88%, ref. 9).
Thus we ney assune nasal breathing (96% retention) st rest, and a
coobination of oral and nasal breathing in exercise (say 90F

retention).

(o) Repiratory minute volume, With exposures <45 sec, the breath

nsy dbe held.

With longer exposures ventilation will gredually

ocone to equel the metabolioc requirement of the aotivity undertaken,
Typical figures for the period % = 20 nin are:

Aotivity Range of uimate volune Average
1/uin 1/nin
Resting, seated 10 = 14 12
*  standing 42 - 20 16
¥axrching 2.5 n.p.h. 48 « 60 29
Running (nex, effort) 60 400 80

(f) The inhalation L(Ct)50,

Conbining the infornation in (o), (d) and

(e), the estinated L(Ct)50 for a 70 kg man nay be tabulated as

follows:
Aotivity Exposure Exposure
% min 2 pin
Range [ Average Range Average
“oﬂiﬂ/ nd
Resting, seated 104 - 482 135 230 - 410 301
. standing 73 - 152 102 16 - 33 230 -
| Marching 2,5 m.peh. 26 - 108 60 57 = 2k 1%
Running (nax, effort) 16 = 32 22 -7 49
L
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3+ COCLUBTOND

Although it 1s possidle for plamning purposes to tsbulate the anticipated
L(Ct)50 at varicus levels of metaboliam, as above, there remain iuportant
uncertainties in the estimate. The ratio ChB50 : ID50 shows a twofold variation
between species, and it is by no muans certain which species man reseinbles, It
is also quite probable that whersas the retio found for brief inhalation exposures
corresponds with the intravenous ratio, the ratio avplioable to longer inhalation
exposures is greater than the intravenous ratio, The average figures quoted
above could thus still be in error by sbout a third in the case of drief exposures,
and by a larger nargin for longer exposures,

(8gd.) C. Lovatt Rvans,
Head, Physiology 8Section,

(8gd.) ¥.8.8. Ladell,
RIS/PUP, Assistent Director(Medical).
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