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' RESEARCH LABORATORIES 

EDGBVOOD ARSENAL 
Edgewood Arsenal ,  Maryland 21010 RCC2.950308.041 

QUARTERLY PROGRESS REPORT 

1. RESEARCH PLAN: Number - 12,101 Report Date - Ju l  - Sep '173 
Project  1W062116AD2102 

Effect  of Environment on Penetrat ion o f  Toxic Agent and I r r i t a n t  
Chemicals Through Skin 

T i t l e  - 

2.  PROGRESS: Include summary of each supporting contract .  

The skin pene t ra t ion  of scopolamine i n  the base form was studied. The 
loca l ized  sweat i nh ib i t i on  technique was used t o  measure the penetrat ion of 
scopolamine which was appl ied t o  the neck of 4 volunteers.  
received 1 mg of scopolamine and two volunteers received 2 mg of scopolamine 
which was dissolved i n  e thyl  alcohol.  

Two volunteers 

Scopolamine inh ib i t ed  sweating l o c a l l y  on one man af'ter two hours; no 
cen t r a l  e f f e c t s  were noted on t h i s  man. The o ther  th ree  men d i d  not  show 
sweat inh ib i t i on  u n t i l  t e s t e d  again the next day a t  24 hours. 

It appears t ha t  scopolamine base does not pene t ra te  skin as rap id ly  
The r e s u l t s  continue as EA 3834B even when g r e a t e r  quan t i t i e s  a r e  applied.  

t o  re inforce the concept of wide va r i a t ion  between indiv idua ls  i n  skin 
permeabili ty.  7 

\ 
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RESEAPCH LA3OXlTO.U ZS 
EDGZ';GGD XilSZSAL 

Edgexood Arsenal, Zlaryland 21010 

QUARTERLY PROGESS RZTORT 

RESEARCH ?LAX': Sunber - 12101 Report Date - 27 Mar 74 
Project  AD21 02 

Effect  o f  Ehvironment on Penetrat ion o f  Toxic Agent and 
I r r i t a n t  Chemicals Through Skin 

Title - 

PROGRESS: Inc lude  s u m a r y  of each support ing  c o n t r a c t .  

When a drop of EA 3834 B dissolved i n  alcohol i s  applied t o  the skin 
a t  time To, the r a t e  o f  l oca l  sweating remains unchanged u n t i l  time T1 
when the r a t e  begins t o  decline.  The decl ine continues t o  time-T2 when 
a minimum sweat r a t e  i s  reached a t  t h e . r q t e  o f  insens ib le  persp i ra t ion .  
Signif icant  d i f fe rences  were found betwegn forearm (6 subjec ts  1 and upper 
arm (5 sub jec t s )  i n  respect  t o  time (T2-To),  220 + 20 minutes f o r  forearm 
and 84 + 20 minutes f o r  upper arm, and i n  respect-to time (T - T  1, 124 
- + 27 m i h e s  f o r  forearm and &l + 17 minutes f o r  upper arm. 2 R e h l t s  . fo r  the  
lower l eg  (5 sub jec t s )  were s imi la r  t o  those f o r  forearm. ' Since inh ib i t i on  
o f  sweating i s  evidence o f  the pene t ra t ion  o f  the compound through epiderxis  
t o  the  chol inergic  nerve ending a t  the eccr ine sweat gland, the presumed 
s i t e  o f  act ion,  the r e s u l t s  demonstrate t h a t  EA 3834 B pene t ra tes  the skin 
f a s t e r  on the  upper arm than on the forearm. 

Three subjec ts  have been used ' to  obtain data from neck skin and i n  
the  next quar te r  t h i s  s e r i e s  o f  experiments w i l l  be completed. 
e f f e c t  .of solvents  on the penetrat-ion o f  a t ropine,  scopolamine and EA 3834:B 
w i l l  be invest igated.  

Also the 

. .. 

FRANCIS N. BRAIG,  Ph.D. 

SI GSXTL' RE : 

P r i n c i p a l  I n v e s t i g a t o r  
Applied Phys Gp Chief, Ned Phys B r  



. RESEriRCIi LIEOR4TORIES 
EDGC';OOD XR'SESAL 

Edgewood Arsenal,  !,laryland 21010 
r 

QUXRTERLS PROGRESS RETORT 
c . 

1. RESEIRCH PLLY: Sumbcr - 12,101 R e p o r t  Date - June 1974 
Pro jec t  AD2 102 

T i t l e  - 
Effec t  of Environment on Penetration of Toxic Agent and 
I r r i t a n t  Chemicals Through Skin 

2. PROGRESS: Include surmary of each supporting con t rac t .  

Penetration of a drople t  of EA 3834B through neck sk in  was  s tudied 
t o  make comparisons with o the r  sk in  areas reported i n  the previous quarter .  
Sweating remains unchanged from the  time of app l i ca t ion  To t o  the time T1 
when sweat rate begins t o  decl ine.  Sweat rate dec l ines  t o  t i m e  T2 when a 
minimum r a t e  i s  reached. 
between upper arm (5 subjec ts )  and neck (6 subjec ts )  with respec t  t o  time 
TI-TO, 76 minutes f o r  neck and 43 minutes f o r  upper ann; and i n  respect t o  
time T3-T0, 131 minutes f o r  neck and 84 minutes f o r  upper arm. The slopes 
of the  sweat rate dec l ine  with t i m e  from T2 t o  T3 were not s i g n i f i c a n t l y  
d i f f e ren t . ,  The sweat rates f o r  the  neck were much higher than the  sweat 
rates fromthe upper arm, 5.01 t o  1.11 g/m2/min. 

1 

A s i g n i f i c a n t  d i f fe rence  (952 level)  w a s  found 

. 

The r e s u l t s  are cont ra ry  t o  experience with VX, which penetrated 
neck sk in  more e a s i l y  than arm sk in ,  
bu t  i t  may be t h a t  because of the g rea t e r  sweat rate of neck than ann, a 
l a r g e r  concentration i s  required t o  i n h i b i t  sweating, and more time is  

The d i f fe rence  i s  as y e t  unexplained, 

concentration t o  accumulate a f t e r  penetration. 
* .  

f,,A 3. SI GSATU RE : 

P r i n c i p a l  Invcs t iga tor  EDMUND G. CUMMINGS, Ph.D. 
Applied Physiology Gp 
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RESEARCH L A B O R A ~ R I  ES 

EDGEWOOD ARSENAL 
Edgewood Arsenal ,  Maryland 21010 

QUARTERLY PROGRESS REPORT 

1. RESEARCH PLAN: Number - 1210114 Report Date -1 Apr - 30 Jun 72 
PROJECT NO: lB062116AD21-02 

T i t l e  - Effec t  of' Envircnment on the  Penetration of' Toxic Agents and 
I r r i t a n t  Chemicals TEHU Skin 

2.  PROGRESS: Include summary of each supporting c o n t r a c t .  

In February 1971, app l i ca t i cn  of 1.5 mg of EA 3834A i n  1 percent aqueous 
so lu t ion  t o  an a rea  of' 3 x 3 cm on the volar  surface of  the forearm a t  8 
room temperature of 4 l o C  had no e f f e c t  within one or  t w o  hours; a f t e r  24 
houlrs l o c a l  sweating was inh ib i ted  by aboutone-half, a s  measured by res i s tance  
hygrometry. 
a rea  of 3 x 3 cm on the neck. 
sweating s h u t  down on the spot  of appl ica t ion  within two hows.  
r a t e  of  penetrat ion i s  a t t r i b u t e d  t o  the change i n  dose and point  of appl i -  
ca t ion .  

I n  May 1972 3 mg of EA 3834 i n  e t h y l  a lcohol  was applied t o  an 
In the three  volunteers t e s t e d  a t  41°C, 

The increased 

Future work i s  planned t o  measure the r a t e  of penetrat ion of glycolates  
through the  sk in  by means of the l o c a l  e f f e c t  on sweating and comparison w i t h  
t he  intravenous dose required t o  produce the same e f f e c t .  

Manuscripts a r e  i n  preparat ion on: 

a .  

b. 

Skin pene t ra t ion  of glycolates  measured by inhibitio'n. of l o c a l  sweating. 

Skin penetrat ion of  CS measured by dhanges i n  cutaneous c i rcu la t ion .  

3. SIGNATURE: 

P r i n c i p a l  I n v e s t i g a t o r  EDMUND G. C'JMMINGS , Ph. D. 

Date 27 June 1972 Cl in ica l  Research Branch 
Applied Physiology Section 

SMUEA-R Form 36 (Page 5 of 5 pages) 
17 Mar 66 



c 

RESEARCH LABORATORIES 
EDGFAVOOD ARSENAL 

Edgewood Arsenal,  Maryland 21010 

QUARTERLY PROGRESS REPORT 

1. RESEARCH PLAN: N u m b e r  - 121OL"~! 
PROJECT P X :  DC62116.4D21-02 

Report Date - 1 Ju l -30  Sep 72 

T i t l e  - Effec t  o f  Environment on the Penetrat ion o f  Toxic Agents 
and I r r i t a n t  Chemicals T1:ru Skin 

2 .  PROGRESS: Include s u m m a r y  of each supporting contrac t ,  

Experimental work on sk in  penetrat ion has been temporarily t ransfer red  t o  
research plan t i t l e d  "Fercutaneous Absorption of Agents" with Samuel Cucinell,~.iU, 
as p r inc ipa l  inves t iga tor  i n  which the  e f f e c t s  of heat ,  and hydration on the 
cutaneous penetrat ion of EA 3834 a r e  being invest igated.  This work on EA 3834 

r a t  ion penetrat ion has been an  outgrovth or' RP 12101:3 i n  which the cutaneous penet, 
of g lycola tes  had been measured by t h e i r  e f f e c t  on loca l ized  sweat inh ib i t ion .  

Work on determining the  l imi t a t ions  of the  dual  channel r e s i s t ance  hygrometry 
system for measuring the  e f f e c t  of drugs on sweat r a t e  i s  proceeding by the 
mzasurement of humidity responses t o  va r i a t ions  i n  flow r a t e  of the a i r  stream. 

Manuscripts i n  preparat ion:  

a. 

b. 

Skin Penetrat ion of Glycolates Measured by Inh ib i t i on  of Local Sweating. 

Skin Penetrat ion of CS Neasured by Changes i n  Cutanepus Circulat ion.  

3.  SIGNATURE : 
\ 

Princ ipa l  Inves t iga tor  

Date 
30 September 1.372 

Applied PhysFoloa Sect ion 
C l in i ca l  Research Branch 
Medical Research Division 
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RESEARCH LABORATORIES 
EDGENOD ARSENAL 

Edgewood Arsenal, Maryland 21010 

QUARTERLY PROGRESS REPORT 

1. RESEARCH PLAN: Number - 1210lM Report Date - 1  Jan - 31 Mar 73 
PROJECT NO : lW062116AD21-02 

T i t l e  - Effect of Environment on Penetrat ion of Toxic Agents an3 
I r r i t a n t  Chemicals T%RU Skin 

2. PROGRESS: Include summary of each supporting cont rac t .  

Inac t ive  except f o r  development work on a new f u l l  range humidity sensor of 
sulfonated polysCyrine t o  replace the  present  series of f r a c t i o n a l  range 
l i t h i u m  chlor ide sensors.  

The c o s t  of using c e n t r a l  e f f e c t s  t o  de t ec t  pene t ra t ion  of sk in  by glycolates  
i s  too  g r e a t  t o  permit study of a l l  the  va r i ab le s .  Local suppression of 
sweating w i l l  be used as an ind ica tor  of sk in  pene t ra t ion  f o r  s tud ies  of the 
dose response r e l a t i o n  a t  various sk in  s i t e s  uoder var ious enviroixnental 
condi t ions as soon a s  r epor t s  of previous work have been comp'leted. 

A r e p o r t  on sk in  pene t ra t ion  of g lycola tes  based on l o c a l  sweat suppression 
i s  nearing cornr>letion. 
of EA 3834B through th ree  d i f f e r e n t  sk in  a reas ,  i . e .  , forearm, palm and back. 
It i s  proposed t h a t  t he  e f f e c t  of solvents  upon sk in  pene t ra t ion  of EA 3834B 
be inves t iga ted  i n  the next FY using t h i s  technique w i t h  the  goel of se l ec t ing  
a feasible agent solvent  system. 

Experiments have begun t o  compere the  penetrat ion of time 

3. SIGNATURE: 

P r i n c i p a l  I n v e s t i g a t o r  

D a t e  
3l  March 1973 
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Applied Physiology Sect ion 
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RESEARCH LABOMTORI ES 

EDGFSVOOD ARSENAL 
Edgewood Arsenal, Maryland 21010 

QUARTERLY PROGRESS REPORT 

1. RESEARCH PLAN: Number - 12101M Report Date - 1 A p r  - 30 Jun 73 
PROJECT NO : 1 ~ 0 6 2 1 1 6 ~ ~ 2 1 - 0 2  

T i t l e  - Effect  of Environment on Penetration of Toxic Agents and 
I r r i t a n t  Chemicsls TKRU Skin 

2. PROGRESS: Include summary of each supporting cont rac t .  

Local suppression of sweating a s  an ind ica tor  of glycolate  sk in  
penetrat ion appears t o  be a promising technique fo r  estimatir.g the percutaneous 
incapac i ta t ing  e f fec t iveness .  

The penetrat ion time of FA 3834E through skin of the  forearm, upper arm 
and lower l eg  was measured and the projected doses required t o  produce incapa- 
c i t a t i o n  were estimated. 
w i t h  neck skin and was based on the hypothesis t h a t  the  longer the time required 
f o r  sweat inh ib i t ion ,  the l a rge r  the percutaneous dose required fo r  c e n t r a l  
e f f e c t .  

This estimation was based on previous experimentation 

These r e s u l t s  a r e  being v e r i f i e d  under research plan 12003. 

To induce sweating, men were placed i n  a 105°F room where they walked 
on a t readmi l l  a t  3 mph f o r  10 minutes; subsequently they s a t  f o r  the duration 
of the  t e s t .  
of  t he  glycolate  was made and the time required fo r  sweating t o  be inh ib i ted  
was recorded. Sweating was measured by r e s i s t ance  hygrometry. Time f o r  
sweat i nh ib i t i on  t o  begin, which i s  the assumed time f o r  the  glycolate t o  
penetrate  t o  the receptor  s i t e ,  was as  follows: upper arm - 42 min, forearm - 
96 min and lower l e g  - 85 min. 
durat ion of l o c a l  sweat inh ib i t ion ,  t e s t e d  on 2 men, l a s t e d  a t  l e a s t  48 hours 
bu t  had disappeared a t  144 hours when the men were r e t e s t ed .  

Af te r  sweating had s tabe l ized  (20-30 min) a surface appl icat ion 

These values a r e  meaqs f r o n  5 men. The 

The technique w i l l  be continued, probably using o ther  glycolates .  

3, SIGNATURE: 

Pr inc ipa l  Invest igator  EDMUND G.  CUMMIXGS, Ph.D. 
Applied Physiolom Section 

Medical Research Division 
Date C l in i ca l  Research Branch 
30 June 1973 
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