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SOlE FACTORS INFLUENCING THE FRCUTANEOUS

TOXICITY OF GB,

by

IVTRODUGTION

GB applied to the skin of animels produces toxio effects which
are somewhat unpredictable in degree, =nd detorminations of the LD.50
for depilated rabbits in various laboratories have varied considerably.
larzulli and Williams (1) have pointed out that such estimates have
ranged from 1.5 = 7.5 mg./kg. Urless the contemination is covered, a
large proportion of the applied GB evaporates (1) and, in the case
of rabbits, less than 2% of the dose penetrates the skin (2)e The -
ratio of the effective dose to the applied dosc may be written as
A/(4 + E) where & is the rate of skin absorption and E the rate of
loss of the GB by evaporation and hydrolysis. If E is reduced to
zero, 8,8+ when the applied GB is covered to prevent ovaporation, the
toxicity may rise by nearly two orders (2). It is clear, therefore,
that factors which modify the rates of eveporation and skin absorption
of GB cen profoundly influence its percutaneous toxicity, Some of
the factors likely to bc significant have been oxamined in the prosent
experimentse. ’

METHODS

The availability of radio-active GB (P32) prepared by Perry etal (&)
made it possible to measure directly the quantity of GB absorbed by the
skin, Such estimations, using a liquid-type geiger counter however,
required the skin to be digested, end intact rabbits could not be used
because of the difficulties of estimating the total amount of GB
absorbed systemically. Freshly resected skin was therefore used, and
this offered the advantage that comparative tests could be made on the
same animale. '

Depilation was carried out on the dey preceding that of the experi-
ments, Fur on the back of tho rabbit was closely clipped over a
region approximately 10 x 20 cm,, and depilation was completed using
a barium sulphide paste. Only the regions of skin which were free
fron abrasions and other blemishes were used,' Iimmediately befae the
experiment the animal was killed by en intravenous overdose of Nembutal.
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The depilatod skin was then rowoved and cut into piecces of about

4 am. square, cach piece being put on a small plate of aluminium

(5 x 6'm.)s This was done for subsequent convenionce in manipu-
lation and to ensure good themal conduction botween the skin and a
constant tampereture surface. Tho latter was the upper swface of
a closed coppor bath through whioh wuter oirculcted from a Biemensa
'ultrathermostat!s Thoarmocouple moasurcients of the surface tenper-
atures of depilated skin on otherwise normal rabbits gave values
ranging from 328 - 35,0°., the most cormon value being 33:5°Ce

To maintain this temperature at the surface of the resccted skin
required the water~bath temperature to be 41°C,, and thorefore the
temperature gradient tlirough the skin was probably somevhat stoeper
than in the intact aniiaal,

The water bath on which the skin samples:were placed was enclosed
by a small wind tunnel, at one end of which was a speed-controlled fan.
The velocity of air moving over the skin surface was nmeasured with a
smail rotating vane air-speed meter.

. Doses of GB were applied to the skin as freely falling d.foplets
delivered from a microvburette (5), ,

The following procedure was adopted for estimating the amount of
(B sbsorbed by the skin, The skin and aluuinium plate wero transferred
from the water bath to a funnel, sprayed with a 20% agueous solution of
Teepol and then washed for 5 minutes under a gentle stream of tap~water
to ramove any surface GB or products of its hydrolysis. The water was
collected in a one-litre voluietric flask for subsequent estimation of
the skin surfaoe activity, (Frooctional estimations of the P32 activity
of the washing water indicated that most of the GB etc. was removed.
within the first ten seconds of washing)e The skin sample was then
removed from the plate and digested to a clear solution in 10 ml. of
hot nitric acid. The solution was mads up to 50 nl, with tap-water and
10 nml, of this cowmted in an M6 geiger-tube, Counts greater than
5 x 103 were taken, giving estimates reliable (for p = 0.05) to + 2.8%.

RESULIS

1o ZEveporation and absorption of GB from the skin surface,

A number of skin sagples from one rabbit were each contaminated
with a 3,88 mg. drop of GB, The skin surfece temperature was maintained
at 33,5°C, and the air-speed ovor the skin at 250 ft./uin. At intervals
after the application of the GB ski: samples were washed as desoribed,
and the amownts of GB remaining on the surface and absorbed into the
skin were estimated. The data from two oxperiments are plotted in
Figs, 1 and 2, Tige. 1 shows that the evaporation rate was rapid at
first but subsequently became slower. Even after 30 minutes there
was a regiduve on the skin surface, and it seems likely that this was a
relatively involatile product of hydrolysis of the GB (3). The
decrease in evaporation rate was probably due to the inareasing amount
of this product.

The absorption ourves in Fig. 2 appear to indicate a slow initial
rate of absorption of the GB by the skin, but it is possible that the
penetration was not deecp at this ti.o and that irrigation with a
wetting agent way have ranoved some GB from the stratum corneum in
addition to the true surface GE.
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The maximu rates of evaporation (Fig. 1) were aporoximately
540 and 40 1ngs/Wmin. and the corresponding skin absorption rates
(Fige 2) were 25 and 4O mge/min, It would seem that for these
rabbits the ratios of effective to applied doses would have been
approximately 25/5000 and 40/4000 or 4/200 and 1/400.

The skin absorption rate of GB was further investigated in
experiments in which the spplied GB was iumediately covered with
nylon sheet to prevent eveporation, the procedure and conditions being
essentially the same as in the preceding experiment, Data obtained
with three rabbits are given below (Table fsj , and values deteruined
using a free-graft sample of husan skin are included for camparison.

Table 4

The rate of obsorption of liquid GB by skin

Tine after : Jnounts of GB absorbed (mg.)
application
of GB. (min)

Rabbit 1 . Rabbit 2 Rebbit 3 : Hugan

H

-

§ 2 P06 oo | - -

’ 4 Poows | 0w ! 00 | 0.

% 8 | 1.02 | 0.90 Po0J78 0 | 0427 |
; 16 i 241 | 4T3 t 2.10 0.33

g 32 ‘ 32 27 : 2440 045 1
: 6l L 3.0 L 2.k | 3eu6 0.6k

These data ars plotted in Fige 3 and appear to indicate that with
no corplications due to sveporation, hydrolysis, or spreading of the
applied GB (all the doses having spread to the saue extent) the
absorption rates of GB by the skins of the three rabbits were inuch the
sanes By comparison, the absorption rate for huian skin was slow,
being approximately 1/6 that for rabbit skin. :

2, Yariation in the rate of absorpiion of GB with skin temperature,

In generel, an elevated tesperature increases the rapidity of
effect of a drug, the mobility of the drug along the particular route
of administration and its rate of reaction withn tissues being increased(6)
The degreec of the effect may be such that the rete of antion of the
drug is increased by a factor of 2-3 for a tenperature rise of 10°C.
(7)e The temperature of skin can vary over a fairly wide range,
depending on the ambient conditions of tewmperature, humidity, and air
speede The offect of teiperature variation on ths rate of absorption
of GB by skin was therefore examined.
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The dopilated skins of fowr rabbits wore used, the water~bath
teiperaturs being adjusted to give a range of skin surface terperatures
in the four groups of samples, These temperaturea were measured using
copper-constantan thermcoouples, Eaoh saaple of skin was contaminated
with a 3,88 mg. drop of GB, the application being covered immediately
with nylon sheet, after various imtervals the saples were washed,
digested and the absorbed GB estivateds Table 2 gives the resulta of
the exporinont. - .

Table 2

The effact of skin Tezperaturs on the i-ate
of absorption of GB,

{ Tine after inount of GB absorbed {ng.) !
application . -
of GB.(min) © Rabbit . . Rabbit B,  Rabbit C. Rabbit D,
Terps200C | Taup.25°C  Temp.33.5°C Teup.37.5°C
i X i | . ¢
% 2 ,? 0u3 | 0.2 0,20 | Oub
H H ]
4 ! 0e20 l 0434 0.55 | 0.88 i
j } 0s35 |  0.56 0.96 | 4487
I i
{ 16 | 0.79 l 0.92 I 195 2486

These data clearly show that GB was absorbed by the skin mare rapidly
at an elevated temperature, The effect of teuperaturs change also
appeared to be nore significant at the higher temperatures.

4 rise in skin tamporature also increases the rate of evaparation
of the applied GB and this tends tc compensate scoewhat for tho increased
skin absorption rate.

The previocus oxperiment was therefore repeated but without covering
the GB contanination., The air-specd over the skin was 230 ft./min,
The following data were obteined fTable 3), values for GB absaorbed
being expressed as percéntages of the dose applied,

Table 3.

The effect of skin temperature on the rate

of absorption of GB,

Ratbit S}de;JISJ:uo'gfce ' Percentage of applied dose absorbed
. Tine:- 1 min. 5 min. 10 min,

f ? T ;

[ & 20 ; 0,07 | 03 - 00

; X 27 { 0.09 q 0e36 1420 ;

i : 3 0.1 | 0.52 .+ 1,01 ;

;{ 37 | 0,38  0s79 0,92
] ' ]

S 20 | 0.12 % 016 | 0.8

| f 26 ’ 0609 1 O0u3k | 1402

l : 51 0026 ! 0.31 ‘ 0097 !

; : 38 ! 0,76 | 0.66 | 0,93 !
-l -
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Although the amounts of GB absorbed at 1 ziinute and 5 minubes
varied with the skin teuperature, those at 10 ninutes were much

the same, indicating that the total amount of GB absorbed by the skin
was independent of temperatura,’

& further experiment was carried out to check this point., Skin
absorptions were measured 10 1yinutes after applying the GB, the
previous date having indicated that, at a skin terperatuwre higher
than 20°C,, the GB liAd eveporated and absorption was complete at this
-4imé, Depilated skins from three rabbits were uwsed and three different
- doses were applied. The offect of drop size will be discussed later.

The air-spoed over tho skin was 230 ft./ain. The data obtained are
given in Table 4 below..

-Table L4
The effect of skin temperature on the total

absorption of GB from a .freelx evaporating contamination

Surface . . Percentage of dose absorbed (at 10 min.)
! Temp, of
skin(°C.) Rabbit G Rabbit H Ratbit J %
(0.2 mgy) (048 mg.) (3.2 ng.) oan
20 0.82 0.70 O bt 0.72
29 0455 . 0,88 0.73 0.72
33 0.82 1422 1,03 1,02
38 067 | 07 0e61 0,67
" Mean 0482 0.83 0.77.

It seems clear frau these data that the proportion absorbed of
the dose of GB applied to the skin is inappreciably affected by skin
teaperature over the partioular range studied, This is doubtlessly
due to a similar effect of teuperature on the svaparation and skin
absorption rates of the GB, Without the coupensating mechanism of
svaporatiqn, the percutaneous toxicity of GB would deperd on the skin
tamperatuwre, Oberst et al (8) have reported a temperature effect on
the percutaneous toxioity of GB vapour when the dose was measured as Cv.

3o The effact of air wvelocity.

Reseocted skin saples from a depilated rabbit were exposed to
various air speeds and each was contaninated with 1.0 mg. of GB.
The skin surface tenperature was 34.5°C, at zero air-flow, the effect
of incressing the air-speed being only a slight fall to 33,5%C. at
200 ft./min. Ten minutes after applying the GB the skin was washed
as already described and the amount of GB sbsorbed was estinated,
The results of three experiments arc given below in Table 5.
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Table 5

The effect of air-speed on the total.sidn
abgsorption of GB from a given contamination

| iir-spesd Percentage of dose absorbed '
[ | Rabbit K. Rabbit L. |  Rabbit M,
H B 1
| 0 b e 360 | 1
% 0.88 2.20 i 0495
! 175 0.73 0.90 ! 0462
1 280 0460 - ‘ -
L 450 i 0.6} ) 1. 20 ' 0.37

Sinilar ekxperiments were carried out to investigate the efftect of
varying the air-speed when the skin was covered by clothing. Depilated
skin samples fray one rabbit were uwsed. In one group, each piece of
skin was covered by a piece of battledress serge, and in the other
group by an inner leyer of angola shirting and an outer layer of the
sergs. The contamination was 1.0 mg. of GB, and the skin surface
teperature 33.5°C. Estimations of the GB absarbed by the skin mere

.made 10'nin, after gmlying the GB., The date from two experiments are

' presenteod in Table

Zable 6

. 'The effect of air speed on ‘thc absopption
. of GB by aothed ‘skin,

Alxr- éed b Percentage of dose sbsorbed by the skin
'(ftoZin.) -
One layer (Serge) , Two layers (serge +
_; 0
. L]
1 Rabbit N . Rabbit O ; Rabbit N Rabbit O
t . ’ ' . H |
| 0 L 2,8 | 156 | L2 2431
! 95 i 15 i 0,93 i 240 ‘ 1025
! 172 0,70 ! 0452 1ol | 0.80 -
y 500 Oold ' 042 0462 ‘ 0.57
A ol

The cambined data from Tables 5 and 6 are plotted in Fige. ke
For the purpose of comparison, the skin absorption values have been
oonverted into percentages of the absorption at zoro air-speed for
each group of data, It is seen that all the data ocan be fairly.
represented by a single ocurve, indicating that the effect of a
variation in air-speed on tho amount of absorbed by the skin
from a given contanination is the same for bare and for olothed skin,
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It is of sono intorest from tho toxicological aspect that this
effect on ebsorption is much reduced when the air-speed is

greater than 200 ft./min, (approximately 2 m.pehs). 4ir velocities
in a fume-cupboard of a type comionly used in toxicological work
were studied. The shutter of the ocupboard was raised through
various distances and the air velocities over the back of a rabbit in
the oupboaid viere measureds These values are plotted in Fig. 5
with the height of the shutter i.e. the distance of opening of the
cupboard, In Fig.6 corresponding values from the curves in Figures
4 and 5 are plotted to give o rolation between the relative amounts
of GB absorbed by the skin and the distance of opening of the fume
cupboard, It is olear that in this particuler cupboard the percu-
taneous toxicity of GB %o rabbits could vary over a four-fold range
depanding on the degree to which the cupboard was operied 1.e. ’
ventilated during the tests, .

4e The offegt of Drop Size,

If a drop assumes a penticular shape when it falls on the skin
and if § = angle of contact, ‘

« voluse of dose,

nusber of drops,

= radius of curvature of liquid surface

ooy o<
1

then it can be showm that:-

%ﬂf_gj_ (2 -3 cos # + cos3 ) cosss (1)

The area {ie) of the evaporeting surface for a single drop is
given by

i = 2x@%1 - cos #) eesse (2)
From (1) and (2),
2 = (V/om)¥3 conse (3)

vhere O depends on # only (i,e. constant).
. The total rate of eveporation (E) is proporticnal to nie, i.e.
B = K(V/0)2/3n V2  eeees (&)
where K is a constant of proportionality for a fixed set of conditions.

If ic is the area of liquid in contact with the skin for each drop,
it ¢an be shown that:- . o

ic/io » (1 + coa ff) = a constant T eeees (5)

8o that if U is the rato of upicke of 1giuid by the skin, 1.0
%o, thon

U¢E°=n1/5 ‘ Xry’ (6)

This result indioates that “he emount of a liquid, in this ocase GB,
sbsorbed by the skin from a given contarination is indspendsnt of the
sise of ths drops applied.

-7-
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The effect was examined experimentelly. GB in various, doses,
each as a single drop, was applicd to a scries of 'depilated ~;*aib‘n:l.tz
skin samples, The skin swface temperatwe and the air-speed were
respectively 33,59C. and 250 ft./win, By the procedure alresdy
dssorited, the amounts of GB absorbed by the skin .samples 10 winutes
after the applications wero estimated. “These values 6f skin absorption
expressed as the percentages of the doses applied are given in Table 7.

In the same experiment the effect of variation in drop size was
exanined for clothed skin., In this case the preceding thegretical
oonsideration does not apply, for GB spreads rapidly in cloth and
experiments, which will be reparted-elsevhere, have shown that with

wost elothing materials no liquid penetratss to the surface of

the skin, The skin absorbs GB vapour from the surface “oontamination.
The experimental procedure was essentially the same as that for the
unclothed skin exeept that in one group the skin samples were covered
with one layer of serge and in another group with an inner layer of
angola and an outer layer of serges For canparison purposes, appli-
cations of the GB ware made to unclothed and clothed skin at the

sawe time and using skins sauples fron the same animal, In Table 7
the amounts of GB absorbed as percentages of the applied doses are
expressed as the nmeans of several estimations together with the
standard deviations. A

Table 7

The eoffect of Drop Size on the Lbsorption of
GB by uolothed and clothed skin,

Dose applied  No, of = - Percentage of Dose absorbed
as one drop = estinates T '
, (mg.) Unclothed  Clothed Skin, Clothed Skin ;
! v Skin (Serge) (.ngola +Serg).
Ce20 8 ;1021 % 0e21 0497 4 0425 | 1416 +.0.31
0450 9 0697 £ 0418 0691 + 0.22 ' 1,09 % 0,19 '
: 1,00 8 T1407 % 0433 . 1400 2 031 1421 % 0436 |
P 400 8 10493 %0.27 0,76 % 0.2 0.91 % 0,28 |

[ 1

In the three groups of data there appear to be no significant
trends with drop size in the proportion absorbed of the applied dose
of GB. .

Drops of GB on depilated rabbit skin have in many cases been

‘observed: to renain discrete for some time. In some cases, however,

and especially on skin which is ineompletely depilated or pigmented,
the drop inmediately spreads, This behaviour would be expected
slightly to increase the absarbed proportion of the GB by making the
retio of skin contact area to evaporating arca equal to unity. For
a d&rop remaining lenticular in shape this ratio is less than unity
(equation 6)s Spresding of the drop, by increasing the area of
oontact of the GB and the skin, would also sppreciably increase the
rate of systemic absorption of the GBs Such unpredictable behaviour
of the drop on the skin might be a factar contributing to the
individual variation in susoeptibility so well known 4in porcutaneous
toxioological experiments.

L
PTar
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1e Drops of GB were found to evaporate within two minutes fron depilated
rabbit skin maintained at a surface tasperature of 33.5°C. and in an
alr-strean of 250 ft./min. The proportion of the drop sbscrbed by the
skin was approxinmately 1%.

| | 2. When the contaninaticn was inpedintely covered to prevent evaporation,

the skin continued to sbsorb GB at a steady rate. This rate for a
sample of human skin was approximately one sixth of ‘that far depilated
rabbit skin under the sare conditions.

e Skin swrface temperature affected the rate of GB absorption, an
increase in tanperature increasing the rate, Changes in evaporation
rate of the GB appeared to ocopensate far this effect so that the
amount of GB absorbed from a given skin contanination was unaffected
by skin tempearature.

4e Varlation in air-speed over the skin appreciably modified the

1 proportion of GB ebsorbed when the skin was uncovered or covered with

1 one or two layers of cloth, In the range of air velocity 0-200 ft./min.
(0 -2 m.p.hS' the amount of GB absorbed by rebbit skin from a given
oontamination varied over a three-fold range. The effact could be
minimised in percutaneous experiments with GB, by maintaining an air-
velocity over the skin in excess of 200 ft./min.

e -

f 5« Tie fraction of GB absarbed by the skin (unclothed or clothed) was
independent of the size of GB drop applied.

(Sgd.) He Cullunbine,
AP, Supt., Kedical Division,
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