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OBJECT 

To determine t h e  pharmacolgical and t o x i c o l o g i c a l  a c t i o n s  of V.P.I .  
X220 i n  experimental  animals and man; and t o  determine whether t h i s  
n i t r i t e  i s  an irritant. o r  s e n s i t i z i n g  agen t  on human sk in .  

SUMMARY ANI) C O N C L U S I O N S  

1. I n h a l a t i o n  of t h e  vapors  of diisoproyylammonium n i t r i t e  (V.Y.I. 
X220), a vapor phase r u s t  i n h i b i t o r ,  caused no blood p res su re ,  pu l se  rate 
or  r e s p i r a t o r y  changes i n  t h e  a n e s t h e t i z o d  dog. 
compound by mouth, a moderate inc rease  i n  r e s p i r k t o r y  r a t e  occurred and 
was fo l lowed by a series of t r a n s i e n t  drops i n  both s y s t o l i c  and d i a s t o l i c  
blood p res su res ;  t h e r e  was, however, no accompanying chanse i n  pu l se  r a t e .  

%hen ths dog rece ived  th i s  

2. both i n h a l a t i o n  of .the vapor  anti exposure of t h o  s k i n  t o  61. so lu -  
t i o n  of -the n i t r i t e  f a i l g d  t o  r e s u l t  i n  c i r c u l a t o r j  changes i n  one human 
s u b j e c t ,  

3. The blood of rats, which had beeu exposed f o r  24 hours t o  on 
atrrlosphere con ta in ing  approximately 46,wgn. pa r  l i t e r  (8ppm.) of t h i s  
n i t r i t e ,  w a s  found t o  con ta in  no d e t e c t a b l e  q u a n t i t i e s  of methemoglobin 
o r  n i t r i t e .  

4. The o r a l  LD-50 f o r  n i c e  w a s  found t o  be 367.0 Jng. 2 6.7 rng/kg. 
Rats, which r ece ived  t h i s  dose,  were found t o  have an average of 10.7 gn. 
per  100 cc. of mathernoglobin and 379,Wgn. p e r  cc. of n i t r i t e  i n  t h e i r  
blood. 

5. Seven of t h e  e i g h t  s u b j e c t s ,  whose s k i n  w a s  exposed t o  t h e  n i t r i t e  
powder, t o  an ointment and a s o l u t i o n  con ta in ing  t h e  n i t r i t e ,  and t o  card-  
board impregnated w i t h  it, showed no r e a c t i o n s  of any s o r t .  The e i g h t h  
s u b j e c t  showed no primary i r r i t a t i o n  b u t  developed s e n s i t i z a t i o n  a f t e r  
repea ted  exposure. 
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6. The r e s u l t s  of t h i s  s tudy show t h a t  V.P.I. X220 i s  d e f i n i t e l y  
poisonous when adminis te red  by mouth, b u t  sugges t  t h a t ,  fo l lowing  o the r  
r o u t e s  of admin i s t r a t ion ,  t h e  n i t r i t e  e f f e c t s  are mi lder  than from n i t r o -  
g lyce r ine  o r  TNT. 

7. P r o t e c t i v e  measures are  l i s t e d ,  which may be observed i n  t h e  
handl ing of t h i s  material  i n  bulk. However, it i s  considered that such 
precaut ions  a r e  probably unnecessary where nava l  personnel  handle only t h e  
n i t r i t e - impregna ted  cardboard.  
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Diisopropylamonium n i t r i t e  (V.P.I. X Z Z O ) ,  chemical formula 
( ( C H 3 ) 2 C H )  -NH.HNOZ, i s  r epor t ed  t o  be a n  e f f e c t i v e  vapor phase r u s t  
i n h i b i t o r  71). 
placed i n  mota1 systmns. 

Cardboard tubes  a r e  impregnated w i t h  t h e  material and then  

Since l abora to ry  r o r k e r s  are r epor t ed  t o  have complained of severe  
headaches when working wi th  t h i s  compound (l), it w a s  submit ted f o r  
pharmacological and t o x i c o l o g i c a l  t e s t s  ( 2 ) .  

P KOCEUU W AND RESIJLTS 

1. The pharmacological a c t i o n  wa.s s t u d i e d  i n  t h e  a n e s t h e t i z e d  dog, 
a f t e r  both  i n h a l a t i o n  of t h e  vapor  and o r a l  admin i s t r a t ion .  
f a s t e d  animal was a n e s t h e t i z e d  (sodium b a r b i t a l ,  250 mg/kg., supplemented 
wi th  20 mg/kg. p e n t o b a r b i t a l ,  both in t r avenous ly ) ;  t h e  c a r o t i d  a r t e r y  
and t r achea  were both cannulated i n  o rde r  t o  o b t a i n  kymograph records of 
blood p res su re ,  pu lse  r a t e  and r e s p i r a t o r y  r a t e .  

A 24-hour 

For  varying per iods  of tiuie, vapor from a hea tod  aqueous s o l u t i o n  of 
t h e  n i t r i t e  w a s  in t roduced  throuch  t h e  i n s p i r a t o r y  va lve  of t h e  t r a c h e a l  
cannula. The t ime of admin i s t r a t ion  of t h e  vapor i n  each in s t ance  w a s  
tho  only q u a n t i t a t i v e  e s t ima te  of' t h e  amount of n i t r i t e  given. I n h a l a t i o n  
of t h e  vapors  thus ,  f o r  per iods  ranging from one-half t o  one minute a t  a 
t ime,  w a s  fo l lowed by no change i n  blood pressure ,  pu l se  rate o r  r e s p i r a -  
t o r y  r a t e .  

With t h e  an imal ' s  r e s p i r a t o r y  and c i r c u l a t o r y  r eco rd  s t a b l e ,  t h e  
n i t r i t e  w a s  adminis te red  by stomach tube (50 mg/kg. i n  5 p e r  c e n t  aqueous 
s o l u t i o n ) .  
4 3/4 minutes a f t e r  t h e  stomach tube was withdrawn, t h e  r e s p i r a t o r y  r a t e  
suddenly inc reased  about  f i v e  r e s p i r a t i o n s  p e r  minute, and t h i s  i nc reased  
r a t e ,  w i t h  s l i g h t  t r a n s i e n t  v a r i a t i o n s ,  w a s  maintained throughout  t h e  res t  
of t h o  experiment. About 18 seconds t i f t e r  t h e  change i n  r e s p i r a t i o n ,  t h e r e  
fo l lowed a drop i n  blood p res su re ;  t h i s  was accompanied by a lowered pu l se  
p re s su re  due t o  a r e l a t i v e l y  g r e a t e r  drop i n  s y s t o l i c  as compared w i t h  
d i a s t o l i c  pressure .  
a f t e r  about  2 0  seconds,  t h o  p res su res  re turned  t o  the  prev ious  l e v e l s .  h r -  
i n g  t h e  fo l lowing  t e n  minutes s imilar  t r a n s i e n t  drops i n  t h e  p re s su res  were 
repea ted  a t  i r r e g u l a r  i n t e r v a l s ;  t h e r e a f t e r ,  t h e y  were repea ted  w i t h  less  
frequency and i n t e n s i t y  u n t i l  t hey  f a i l e d  t o  occur  a t  a l l .  The kymograph 
record  was fol lowed s e v e r a l  minutes t o  be c e r t a i n  that t h e s e  phenomena had 
ceased, when t h e  experiment was t e rmina ted  and t h e  animal w a s  s a c r i f i c e d .  

No i rmedia te  changes were observed i n  t h e  record ings ;  however, 

There w a s  no concurren t  change i n  p u l s e  ra te ,  and, 

2. 
known acqu i red  t o l e r a n c e  t o  n i t r i t e s .  
of bed res t ,  c o n t r o l  blood p res su res  and pu l se  r a t e s  w e r e  determined, and 

The n i t r i t e  e f f e c t  w a s  a l s o  s t u d i e d  i n  a human s u b j e c t  who had no 
A f t e r  a pre l iminary  t e n  minute pe r iod  
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t h e s e  were then  followed a t  s h o r t  i n t e r v a l s  a f t e r  i n s p i r a t i o n  of t he  vapor 
from an  unheated jar of c r y s t a l l i n e  m a t e r i a l  f o r  scvljral  success ive  per iods  
inc reased  p rogres s ive ly  t o  a f u l l  minute. 
t h e  blood pressure ,  pu l se  ra.Le o r  r e s p i r a t o r y  r a t e .  

No changes were d e t e c t a b l e  i n  

I n  a second exporirnent, G4 square inches of body su r face  were covered 
wi th  a gauze pad wct ted wi th  a s t rong  aqueous s o l u t i o n  of t he  n i t r i t e ,  
The pu l se  r a t e  and blood prossure  were determined tit f i v e  minute i n t e r v a l s  
f o r  h a l f  an  hour,  whi le  thc  ,uSject  remir ind u t  r e s t ,  The i n i t i a l  con t ro l  
pu l se  rate was €40 per  minute, and it reinuined unchanled throughout,  The 
con t ro l  b lood  p rezsu re  was IZ0/80 II& Hg, and t h s  f i v e  n i n u t e  readings,  
a f t e r  a p  l i c a t i o n  Df Lhe 6rruz.e pad, wt’ro 122/81), 120/‘ 0, l 1 4 / P O D  120/80, 
and 120 P 80 :itme 112. 

3 .  Groups of f o u r  rat5,  fc.stod 24 hours ,  xere exposed f o r  24-hour 
pe r iods  i n  a gass ing  chamber Lo sir which ivas f i r s t  d r i e d  and then passed 
through loosely-packed l a y e r s  of c r y s t a l l i n e  V,P.I, X220 in ti gas absorp- 
t i o n  f l a s k .  P r i o r  t o  p l ac ing  the rats in t h e  chainbcr’, the r a t e  of air 
f low through t h e  chamber V i a s  measured and found t o  rermin very n e a r l y  con- 
s t a n t  a t  660 CC. p e r  rninuto under t h e  experimental  condi t ions .  n i r  samples 
were also t aken  t o  determine t h o  n i t r i t e  conten t ;  a t e n  minute sample w a s  
found t o  con ta in  45.0@gm0 p e r  l i t e r  ( 8  ppmo)p t*nd a 40 minute sample, 
47 .0wgm.  p e r  l i t e r  (8  ppm). I t  i s  assumed, t h e r e f o r e ,  t h u t ,  during 
the  experimcntal  runs wi th  t h e  r a t s ,  the n i t r i t e  conten t  of t l i u  a i r  
remained c l o s e  t o  4 5 , 0 ~ g m ,  p e r  l i t o r  ( 8  pprn.). T l i i s  probably i s  n o t  t h e  
s a t u r a t i o n v a l u e  f o r  V.P,I, X220 i n  a i r  s i n c e  another  a i r  sample, t aken  dur-  
i n g  a s lower r a t e  of f l o w  throush  t h e  chamberg was found t o  con ta in  60,5 
wgm. p e r  l i t e r  (10 ppm.). 

The r a t s  were k i l l e d  by o t h e r  a n e s t h e s i a  upon removal from t h e  
chamber a t  t h e  end of t h e  24-hour experiment, 
and t h e i r  bloods were hepar in ized ,  pooled and s t o r e d  under l i q u i d  potrolaturn,  
11 p o r t i o n  of t h e  pooled sample w a s  analyzed f o r  methemoglobin bj thc: mcthod 
of Evelyn and Malloy ( 3 ) ;  t h e  p r o t e i n - f r e e  f i l t r a t e  f r a n  t h e  remainder w a s  
t r e a t e d  w i t h  potassium pennanganate t o  oxidize n i t r i t e s  t o  n i t r t l t n ,  nd  iirirl ,is 
w a s  made f o r  t h e  l u t t s r  by  t hc  lnethod of Yasoda ( 4 ) o  

They were exsimguinatcd, 

The c o l l e c t e d  bloods from two groups of f o u r  ra t s  were thus  analyzed,  
No methemoglobin was found i n  e i t h e r  caseo  
n i t r a t e )  w a s  found i n  t h e  sample frorn t h e  f i r s t  group; tho  second sam2le 
w a s  found t o  con ta in  9),33,Ugm, p e r  ce ,  This l a t t e r  r e s u l t  must bo cons idere  
doubt fu l  s i n c e  t h e  experimental  e r r o r  of t h e  method 1 s  9.O,.&gm0 

No n i t r i t e  (determined as  

4. The a c u t e  o r a l  t o x i c i t y  w a s  d e t c m i n c d  i n  a s e r i e s  of 60 ( u n f a s t e d )  
a l b i n o  Swiss micep ranging i n  age from 30 t o  60 days, t o  which the  n i t r i t e  
i n  a 2 p e r  cen t  s o l u t i o n  i n  d i s t i l l e d  m t e r  was adminis te red  by stomach t u b e ,  
Three groups of 20 mice each rece ived  325, 350 and 400 mg/kg, r e s p e c t i v e l y ,  
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The r e s u l t s  were; 

Dose M o r t a l i t y  
w/kg* 

325 
350 
400 

7/2 0 
8/20 

13/20 

Mortal i t y  
pe r  c e n t  

35 
40 
60 

From t h e  m o r t a l i t i e s  a t  t h e s e  dosage l e v e l s ,  t h e  LD-50 w a s  c a l c u l a t e d  by 
the  method of L i t c h f i e l d  and F e r t i g  ( 5 )  and found t o  be 367.0 mg. 2 6.7 
mg/kg 6 

I n  order  t o  determine t h e  approximate quan t i ty  of n i t r i t e  absorbed 
i n t o  t h e  system from t h e  g a s t r o i n t e s t i n a l  t r a c t  and as a check on t h e  
a n a l y t i c a l  method being employed, t h i s  same dosage l e v e l  w a s  chosen f o r  
admin i s t r a t ion  t o  r a t s ,  ahimals from which a s u f f i c i e n t l y  l a r g e  amount of 
blood could be drawn f o r  chemical a n a l y s i s .  S i x  24-hour f a s t e d  ra t s  were 
given 367.0 ml;/kg. by stonlach t u b e ,  
developed more ra!Jid acd  g r e a t e r  t o x i c  r e a c t i o n s  t h a n  
s o  t h a t  between 15 i*nd 20 minutes a f t e r  t h e  adminis t r t i t ion  and as each  
animal appeared t o  be i n  extremis ,  it w a s  e t h e r i z e d  and exsanguinated by 
h e a r t  puncture.  The bloods from t h e  f i r s t  t h r e e  ra ts ,  being those  most 
s eve re ly  a f f e c t e d ,  were hepa r in i zed  and pooled under p a r a f f i n  o i l  (sample 
A ) ;  blood from t h e  remainin; anirnals w a s  s i m i l a r l y  c o l l e c t e d  i n  a second 
tube (saiilple l3)- 
f ol 1 owing ; 

I t  was found, however, t h a t  t hey  
had been a n t i c i p a t e d ,  

Analyses,  by t h e  same methods given above, showed t h e  

Sample 

A 
B 

Methemoglobin N i t r i t e  (as n i t r a t e )  
gm/lOO cc .  P g m b .  

9.8 
11,6 

42 3 
335 

5. I n  order  t o  determine whether V.P.I. X220 is a primary s k i n  
i r r i t a n t  o r  s k i n  s e n s i t i z e r  i n  man, a series of t es t s  was made i n  a group 
of e i g h t  vo lun tee r s .  The c r y s t a l l i n e  material w a s  made i n t o  an  ointment 
as follows;: 

40 pe r  c e n t  aqueous s o l u t i o n  of V.P.1. X220 70.0 cc. 
Aquaphor 70.0 cc ,  

Pre l iminary  pa tch  t e s t s  were made w i t h  this ointment and the 
powdered n i t r i t e ,  and t h e s e  were found t o  cause no r eac t ions ,  Thereaf te r ,  
2 cc. of t he  ointment  was rubbed once d a i l y  f o r  t e n  success ive  days i n t o  
t h e  g r o i n  of  each  sub jec t .  
i r r i t a t i o n .  

The s k i n  w a s  examined d a i l y  f o r  s i g n s  of' 
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Two weeks, and a g a i n  t h r e e  weeks a f t e r  t h e  f i r s t  a p p l i c a t i o n ,  i n  o rde r  
t o  determine whether s k i n  s e n s i t i z a t i o n  had occurred, pa tch  t e s t s  were con- 
ducted wi th  t h e  fol lowing:  

. ’  

i 

a. 
b. 

c .  
d. 

t h e  ointment which had been o r i g i n a l l y  a p p l i e d  
a 40 p e r  c e n t  s o l u t i o n  of t h e  n i t r i t e  i n  a s a t u r a t e d  s o l u t i o n  

cb rdboard i:npregnal,ed w i t h  t h e  n i t r i t e  ( a s p l i e d  d r y )  
cardbmrd iriipregnated wi th  t h e  n i t r i t e  ( a p p l i s d  moi s t )  

of sodium bicarbonate  

I n  these  t e s t s  seven of t he  e i g h t  s u b j e c t s  showed no r e a c t i o n s  of any 
s o r t  t o  any of t h e  r;ib.teriuls t e s t ed .  
as fol lows:  a f te r  the  seventh  d n i l y  u y p l i c a t i  on he developed d i f f u s e  red-  
nes s ,  y c e r a t i o n ,  indura t - ion  and pa in  a t  t he  s i t e  of a p p l i c a t i o n  t o  t h e  
gro in .  
days. Pa tch  t e s t s  on t h i s  man, a t  two weeks, showed a v e r y f a i n t  r e a c t i o n  
t o  t h e  ointment. A t  t h r e e  weeks another  a p p l i c a t i o n  o f  t h e  ointment was 
made t o  t h e  g ro in ,  some b icarbonate  s o l u t i o n  vias a p p l i e d  t o  t h e  back, 
and ano the r  series of pa tch  t e s t s  was performed on back and arm. i i i t h in  
a f e w  hours  t h e  s k i n  o f  the  g ro in  r eac t ed  v i o l e n t l y  t o  t h e  a p p l i c a t i o n  of 
t h e  ointment,  whereas t h e  a p p l i c a t i o n  of t h e  n i t r i t e  i n  b icarbonate  so lu-  
t i o n  t o  t h e  back e l i c i t e d  no r eac t ion .  The patch t e s t s  w i th  the  o r i g i n a l  
ointment were weakly p o s i t i v e ,  ui i i le  t hose  w i t h  t h e  n i t r i t e  i n  b icarbonate  
s o l u t i o n  r eac t ed  more shi;rply. 

‘The e i g h t h  man r eac t ed  adverse ly  

The inunc t ions  were stopped. and t h e  i r r i t a t i o n  p e r s i s t e d  f o r  t h r e e  

DIS Clj  S3 1: ON 

G n  t h e  b a s i s  of p a s t  experience w i t h  n i t r o g l y c e r i n e  ( 6 )  and TNT ( 7 ) ,  
it i s  reasonable  t o  expect  similiir n i t r i t e  e f f e c t s  t o  develop i n  workers 
handl ing l a r g e  q u a n t i t i e s  o f  vsP0le X220. There i s  a sugges t ion  i n  t h e  
p re sen t  f i n d i n g s ,  a l t h o u s h  no p o s i t i v e  evidence, t h a t  t h i s  l a s t  m a t e r i a l  
causes t h e s e  e f f e c t s  t o  a l o s s e r  degree than  t h e  former two;  t h i s  might 
be r c l a t e d  t o  t h e  nuniber of  n i t . r i t e  r r d i c a l s  i n  t h o  r e s p e c t i v e  . I I O ~ E C U ~ E ~ ,  

i.,eo, one i n  t h e  l a c t  cornpinred wi th  t h r w i n  t h e  o the r s .  

The o r a l  t o x i c i t y  of V . i J o I e  X220 i n d i c a t e s  t h a t ,  when t aken  by t h i s  
rou te  o f  a t h i n i s t r a t i o n ,  t h i s  material may possess  s p e c i f i c  t o x i c  p r o p e r t i e s  
a p a r t  from t h e  n i t r i t e  e f f e c t s ,  This may o r  ma;’ n o t  be t r u e  when t h e  sub- 
s t ance  e n t e r s  t h e  body by o t h e r  rou te s .  

The s k i n  t es t s  show t h a t  t h i s  n i t r i t e ,  even i n  s t rong  concent ra t ion ,  
i s  n o t  a primary i r r i t a n t ,  Gn t he  o t h e r  hand, it appa ren t ly  does have 
some capac i ty  for s e n s i t i z i n g  skin., 

To avoid  recur rence  o f  symptoms when handl ing V.P.1, X220 i n  bulk, 
c e r t a i n  p recau t ions  nay be observed ( 6 ) :  

- 6 -  
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1 ,, 

2. 

Physical exaininetions t o  exclude workers w i t h  a hi s t o r y  of 
organi c, cr*rdIovascul:ir di.r;oase 

Acceptance of worknien only with blood p res su res  w i t h i n  t he  randes 
of  I G O  t o  149  rrm. .ti& s y s t o l i c  and 65 t o  E 9  mni. Ng d i a s t o l i c  (du Pont 
recormendation ( 6 ) )  

3.  Y'criodic p h J r s i c u l  cxamiriiiti ons f o r  a l l  workmen 
4. 

5, :,,nxinliLn pe rs 01711 1 t ,  ~ c ?  envi  roru:? n t a l  c l e a n l i n e s s  
6 i,hin+x?nance o f  u d n u u a t e  exhal is t  vcn f i l a  t i o n  
7. Trurisfer tc o t h e r  work of a y  i r idividual  showink evidence of 

Liaily lauridered c o v e r a l l s  and showers a t  t h e  end of t h e  work 
sh i f t ,  ( u s e  of  caava:; c ~ r  nlij:F:r i,tprc;nRted i;l ovcs i s  a l s o  sug[;ested) 

s e n s i t i z a t i o n  

In  all probabi.!.ity, such precaut ions  a rc  unnecessary f o r  naval  
personnel handlii.111; only t h o  i i i t r i te- j . r !~pre~ncl ted ca rdboa rd ,  
howevcr, t o  keep the in  i n  xind shou1.d coinpl.aints a r i s e  o r  should naval 
persofinel be obl iged  t o  handle t h i s  material i n  bulk.  

I t  i s  well ,  

The co-operat ion of Co.,nandcr iiiurioii U. Sulzborger ,  (uX), USNH, i s  
g a t e f u l l y  ric1cnav;led:;ed f o r  performing t h e  t e s t s  f o r  sk in  i r r i t a t i o n  e.nd 
sens i t i , , n t j  on at. l j .  S. 1Javul. Uinc ip l inary  Uarrecks. Hrrts lslancl,, Aew York, 

Acbowledgment i s  a l s o  rnu'lc t o  the follo-win; f o r  a s s i s t a n c e  i n  var ious  
phases of t h i s  study: Lieu t .  11, Snyder, II(i \) ,  USIUR, L t .  ( j g )  IV. .d. Clausen, 
KC(S), USNR, S. E. r.lobily, k k u ~ 2 c .  USIIK, 11. L. rvilliams, Ph.!Zc, USSR,  and 
!I, J, ,;ark. Phh3c. U31H- 

E. S ,  ILAKAIJSSLJI: 
Captain,  (MC), USN 

C orn!rum.nding 

J.. McCULLOUGI.1 TUlUiER 
Lieu tenant ,  H(S) ,  USNR 

J. d. STEELE 
Commander, MC(S), USNH 

Research Executive 
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