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Chlo ro tha lon i l  i s  a h igh ly  e f f e c t i v e  fungic ide which i s  
ac t ive  against a wide v a r i e t y  of commercially important 
p lant  diseases. Ch lo ro tha lon i l  may have the p o t e n t i a l  
to enter the body d i r e c t l y  through the skin or by i n -  
ha la t ion  and/or inges t ion .  

To e v a l u a t e  what  t h e  p o t e n t i a l  human e x p o s u r e  t o  c h l o r -  
o t h a l o n i l  m i g h t  be ,  i t  i s  n e c e s s a r y  to  know what  q u a n -  
t i t y  o f  e h l o r o t h a l o n i l  a n d / o r  i t s  m e t a b o l i t e s  e x i s t  i n  
t h e  b l o o d  and u r i n e  f o l l o w i n g  v a r i o u s  avenues  o f  e x -  
p o s u r e .  T h e r e f o r e ,  t h e  o r a l ,  e n d o t r a o h e a l ,  and d e r m a l  
a d m i n i s t r a t i o n  o f  c h l o r o t h a l o n i l  t o  an a n i m a l  model  was 
u n d e r t a k e n  to  b e t t e r  u n d e r s t a n d  i t s  p o t e n t i a l  f o r  ab -  
s o r p t i o n  i n  a mammalian s y s t e m .  

MATERIALS AND METHODS 

The 1 4 C - l a b e l  was u n i f o r m l y  d i s t r i b u t e d  t h r o u g h o u t  t h e  
s i x  a r o m a t i c - r i n g  c a r b o n s  o f  e h l o r o t h a l o n i l ~ .  S p e c i f i c  
a c t i v i t y  was 4 .6  mCi /  mmole. P u r i t y  o f  t h e  - ~ C - e h l o r o -  
t h a l o n i l  was 99.5% as e v a l u a t e d  by t h i n  l a y e r  c h r o m a t o -  
g r a p h i c  d e v e l o p m e n t  on s i l i c a  g e l  p l a t e s  i n  a h e x a n e :  
a c e t o n e : e t h y l  a c e t a t e ,  5 0 : 3 0 : 2 0  ( v / v / v ) ,  s o l v e n t  sys tem 
to  a d i s t a n c e  o f  14 .5  cm f r om t h e  p o i n t  o f  a p p l i c a t i o n .  
A s i n g l e  component  (>99~ p u r e )  was d e t e c t e d  by t h e  
comb ined  methods  o f  v i s u a l i z i n g  u n d e r  s h o r t  (254 nm) 
and l o n g  (380 nm) u l t r a v i o l e t  l i g h t  and s c a n n i n g  o f  t h e  
s i l i c a  g e l  s t r i p  w i t h  a s c a n n e r .  

Male Sprague-Dawley ra ts  weighing 300 g from Camm Re- 
search I n s t i t u t e  were used. Food and water were a v a i l -  
able ad l i b i t u m  before and a f t e r  the admin is t ra t ion  of 
the tes t  substance. For a period of at leas t  I week 
fo l low ing  reee ip t  of animals, a l l  ra ts  were i n d l v i d u a l -  
l y  housed in cages and observed fo r  any abnormal signs. 
A f te r  dosing, the ra ts  were maintained in s ta i n l ess  
s tee l  metabolism cages f o r  48 h. 

D o s i n g  samples  were  p r e p a r e d  as f o l l o w s :  T o l u e n e  ( 0 . 0 4  
mL) was added t o  a t u b e  c o n t a i n i n g  160 uCi  " I C - o h l o r o -  
t h a l o n i l .  To t h i s  t u b e  2 mL o f  I% Tween 80 i n  i s o t o n i c  
s a l i n e  was added .  The t u b e  was v o r t e x e d  and a I mL 
a l i q u o t  o f  t h e  v o r t e x e d  s u s p e n s i o n  was used  t o  dose t h e  
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r a t s  d e r m a l l y  a t  0 .05  m L / r a t .  A n o t h e r  1 mL a l i q u o t  was 
d i l u t e d  to  6 mL w i t h  I~  Tween 80 i n  i s o t o n i c  s a l i n e .  
Th i s  d i l u t i o n  was a g a i n  v o r t e x e d  and used t o  dose t h e  
r a t s  o r a l l y  and e n d o t r a e ~ a l l y  a t  0 . 3  m L / r a t .  A l l  r a t s  
r e c e i v e d  a b o u t  5 uCi  o f  - - C - c h l o r o t h a l o n i l .  

O r a l  D o s i n g .  A 1 .0 -mL t u b e r c u l i n  s y r i n g e  was f i t t e d  
e l e  w i t h  a 3 i n c h ,  19 gauge c u r v e d  a n i m a l  f e e d i n g  n ~ 

f o r  each i n t u b a t i o n .  A p p r o x i m a t e l y  0 . 3  mL o f  t h e  C- 
c h l o r o t h a l o n i l  s u s p e n s i o n  was drawn i n t o  t h e  s y r i n g e ,  
w e i g h e d  on an a n a l y t i c a l  b a l a n c e  and a d m i n i s t e r e d  t o  
each r a t  by g a v a g e .  

E n d o t r a c h e a l  D o s i n g .  A 1 .0 -mL t u b e r c u l i n  s y r i n g e  was 
f i t t e d  w i t h  a 3 . 7 5 - i n c h ,  16 gauge T e f l o n  | n e e d l e  1~or 
each i n t u b a t i o n .  A p p r o x i m a t e l y  0 . 3  mL o f  t h e  C- 
c h l o r o t h a l o n i l  s u s p e n s i o n  was drawn i n t o  t h e  s y r i n g e ,  
w e i g h e d  on an a n a l y t i c a l  b a l a n c e  and a d m i n i s t e r e d  t o  
each r a t  by d i r e c t  i n t u b a t i o n  i n t o  t h e  t r a c h e a  v i a  t h e  
mou th ,  by means o f  a l i g h t e d  o r a l  s p e c u l u m ,  a f t e r  
a n e s t h e t i z a t i o n  w i t h  m e t h o x y f l u r a n e  v a p o r .  

Dermal  D o s i n g .  A d e r m a l  p a t c h  (2 x 2 cm) on t h e  back  
o f  each a n i m a l  was p r e p a r e d  by u s i n g  a ##0 head c l i p -  
p e r .  A 1 .0 -mL t u b e r c u l i n  s y r i n g e  was f i t t e d  w i t h  a 22 
gauge n e e d ~  f o r  each a p p l i c a t i o n .  A p p r o x i m a t e l y  0 .05  
mL o f  t h e  - I C - c h l o r o t h a l o n i l  s u s p e n s i o n  was drawn i n t o  
t h e  s y r i n g e ,  we ighed  on an a n a l y t i c a l  b a l a n c e  and 
a p p l i e d  to  t h e  2 x 2 cm shaved  s e c t i o n  on t h e  back  o f  
each r a t .  A l l  t h e  empty  s y r i n g e s  were r e w e i g h e d  to  
d e t e r m i n e  t h e  e x a c t  q u a n t i t y  a d m i n i s t e r e d  t o  each r a t .  

B lood  was c o l l e c t e d  f rom each a n i m a l  by p u n c t u r e  o f  t h e  
o r b i t a l  s i n u s  a t  2 . 5 ,  5, 24, and #8 -h  and a n a l y z e d  im-  
m e d i a t e l y ,  o r  r e f r i g e r a t e d  and m a i n t a i n e d  a t  #~ u n t i l  
a n a l y s i s .  U r i n e  was c o l l e c t e d  f rom each a n i m a l  a t  2# 
and 48 -h  and a n a l y z e d  i m m e d i a t e l y  o r  f r o z e n  and m a i n -  
t a i n e d  a t  -22~  u n t i l  a n a l y s i s .  A f t e r  c o l l e c t i o n  o f  
t h e  48 -h  u r i n e  s a m p l e ,  t h e  f l o o r  and u r i n e  c o l l e c t i o n  
cup o f  each cage were  r i n s e d  w i t h  10 mL w a t e r  f o l l o w e d  
by 10 mL m e t h a n o l .  The samp les  were a n a l y z e d  immed i -  
a t e l y .  

D u p l i c a t e  w e i g h e d  a l i q u o t s  ( 0 . 1  mL) o f  u r i n e  samp les  
were e v a l u a t e d  d i r e c t l y  f o r  r a d i o a c t i v i t y  by l i q u i d  
s c i n t i l l a t i o n  c o u n t e r .  D u p l i c a t e  w e i g h e d  a l i q u o t s  
( 0 . 0 5  mL) o f  b l o o d  samp les  and I mL a l i q u o t s  o f  cage 
washings were s imilar ly evaluated by liquid s c i n t i l -  
la t ion counter. 

A l l  samp les  were  c o r r e c t e d  f o r  sample  s i z e ,  b a c k g r o u n d  
r a d i o a c t i v i t y ,  and c o u n t i n g  e f f i c i e n c y .  T o t a l  b l o o d  
vo lume o f  each r a t  was e s t i m a t e d  by m u l t i p l y i n g  6 # . I  mL 
b l o o d  pe r  kg body w e i g h t  t i m e s  t h e  kg body w e i g h t  o f  
each r a t  (ALTMAN & DITTNER 1 9 7 # ) .  
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RESULTS AND DISCUSSION 

Us ing  male S p r a g u e - D a w l e y  r a t s  as a m o d e l ,  t h r e e  p o s -  
s i b l e  means o f  e x p o s u r e ,  i . e . ,  o r a l ,  r e s p i r a t o r y ,  and 
d e r m a l  t o  t h e  f u n g i c i d e  c h l o r o t h a l o n i l ,  was e v a l u a t e d .  
Th i s  s t u d y  was c o n f i n e d  t o  t h e  i n v e s t i g a t i o n  o f  t h e  
~ s o r p t i o n  i n t o  t h e  b l o o d  and e x c r e t i o n  i n  t h e  u r i n e  o f  

- C - c h l o r o t h a l o n i l  a d m i n i s t e r e d  a t  a dose o f  I mg/kg 
body w e i g h t  by an o r a l ,  e n d o t r a c h e a l ,  o r  d e r m a l  r o u t e s .  
A l l  r o u t e s  o f  a d g ~ n i s t r a t i o n  were exam ined  i n  f i v e  r a t s  
pe r  g r o u p .  The - - C - c h l o r o t h a I o n i l  e q u i v a l e n t s  f o u n d  i n  
t h e  b l o o d  and u r i n e  as a p e r c e n t  o f  t h e  dose a d m i n i s -  
t e r e d  a r e  p r e s e n t e d  i n  TABLES I and 2. 

TABLE I .  P e r c e n t  o f  1 4 C - C h l o r o t h a l o n i l  E q u i v a l e n t s  
Found i n  t h e  B lood  o f  t h e  Ra ts  F o l l o w i n g  
E n d o t r a c ~ a l ,  O r a l ,  and Dermal  A d m i n i s t r a -  
t i o n  o f  - - C - C h l o r o t h a l o n i l  

Time o f  
Samp l i ng  

(h) 
E n d o t r a c h e a l *  O r a l *  De rma l *  

2.5 
5 

24 
48 

5 . 2  + 0 . 7  0 . 3 5  + 0 . 2 4  0 . 0 3  + 0 . 0 2  
3 . 9  ~ 0 . 7  0 . 1 1  "T 0 . 0 3  0 . 0 6  .7 0 . 0 2  
4.1 %- 0.1 0.15 T 0.04 0. II %- 0.03 
3 . 7  7 0 . 4  0 . 2 3  + 0 . 0 3  0 . 2 7  .7 0 . 2 1  

*Mean + ~S-~ 

TABLE 2. P e r c e n t  o f  1 4 C - C h l o r o t h a l o n i l  E q u i v a l e n t s  
Found i n  t h e  U r i n e  o f  t h e  Rats F o L l o w i n g  
E n d o t r a c ~ a l ,  O r a l ,  and Dermal  A d m i n i s t r a -  
t i o n  o f  C - C h l o r o t h a l o n i l  

Samp l i ng  
(h) 

E n d o t r a c h e a L *  O r a l *  De rma l *  

24 5 . 7 + 4 . 1  2 . 9 + 1 . 3  0 . 9 + 0 . 5  
48 0 . 7  .7 0 . 2  0 . 7  T 0 . 2  0 . 8  .7 0 . 5  

Us ing  D u n c a n ' s  New M u l t i p L e  Range T e s t ,  t h e  p e r c e n t  o f  
t h e  dose f o u n d  i n  t h e  b l o o d  and u r i n e  f o r  t h e  3 r o u t e s  
o f  a d m i n i s t r a t i o n  v e r s u s  sample t i m e  was compared .  At 
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each time period a s i g n i f i c a n t l y  higher percent of the 
dose (# to 5%) was found in the blood of the endotrach- 
ca1 group as compared to the oral (0.1-0.3%) or dermal 
(0.03 to 0.3%) groups. This would ind icate that the 
greatest absorption occurs fo l lowing endotracheal ex- 
posure. The low percent of the dose found in the blood 
fo l lowing dermal exposure suggests that ch lo ro tha lon i l  
is not read i l y  absorbed through the skin of the ra t .  
In the ur ine, a s i gn i f i can t  amount of the dose was 
found in the 24-h urine of the endotracheal (5%) and 
oral (3%) groups but not in the dermal (0.9%) group. 
This pattern suggests a rapid absorption into the blood 
and excret ion in the urine fo l lowing exposure by the 
lungs and oral routes versus the dermal route. 

L o o k i n g  a t  i n d i v i d u a l  t ~ e a t m e n t  g r o u p s  v e r s u s  b l o o d  
sample times, there is no s ign i f i can t  d i f ference in the 
resu l ts  from the oral group between the 2.5, 5, 24, and 
48-h samples. In the endotracheal group, the 21~-h 
sample contained s i g n i f i c a n t l y  higher levels of ~C- 
eh lo ro tha lon i l  equivalents than the 5, 2#, and #8-h 
samples. In the dermal gq~up, the #8-h sample con- 
tained s i g n i f i c a n t l y  more -~C-eh loro tha lon i l  equival-  
ents than the 2.5, 5, and 24-h blood sample~ i nd i ca t -  
ing a much slower rate of absorption of the --C-chloro 
t ha lon i l  by the dermal route of administrat ion.  In the 
oral group, the percent of the dose excreted in the 
48-h urine was s i g n i f i c a n t l y  lower than that in the 
24-h urine ind ica t ing  a rapid e l iminat ion.  The percent 
of the dose found in the urine at 2#-h was not s i g n i f i -  
cant ly d i f f e r e n t  from that at 48-h in the endotracheal 
group or in the dermal group due to the large standard 
deviat ion.  However ,  because a l l  of the recovered 
r a d i o a c t i v i t y  represented such a small percentage of 
the t o ta l  dose, t issue deposit ion and/or fecal excre- 
t ion probably accounts for the remainder of the dose 
administered in endotracheal and oral groups. 

This study demonstrated that the absorption rate of 
ch lo ro tha lon i l  in the ra t ,  in the order of decreasing 
importance, would be via resp i ra to ry ,  oral and dermal 
e x p o s u r e .  
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