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The organophosphorus compound O-[4[ (4-chlorophenyl) th io]phenyl ]  
O-ethyl S--propyl phosphorothioate-(RH-O9g4 of the Rohm and Haas 
C--o., Spring House, PA) has shown good insect ic ida l  a c t i v i t y  against 
phytophagous pests, pa r t i cu la r l y  Hel ioth is  on cotton. As part of 
our evaluation of the environmental behavior of th is  compound, we 
have previously reported on i t s  fate in cotton (Bull and I v i e  
1981), in soi l  (Bull and Iv ie  1982), in boll weevil adults and 
tobacco budworm larvae (Bull et a l .  1983), and in water in the dark 
( I v i e  et a l .  1981). We report here the results of studies aimed at 
def in ing the fate of [14C] labeled RH-0994 af ter  oral 
administ rat ion to a lac ta t ing cow. 

MATERIALS AND METHODS 

A radiocarbon-labeled preparation of RH-0994 (~.,15 mCi /g )was  
provided by the Rohm and Haas Co. The [~"C] label was 
uniformly incorporated into the __O-phenyl r ing.  Unlabeled samples 
of RH-0994 and some analogs considered as possible metabolites were 
also provided by Rohm and Haas. Prior to use, the radiochemical 
was pur i f ied  on TLC (solvent system of benzene-ethanol, 99-I) to a 
radiochemical pur i ty  of >99%. 

A lac ta t ing  jersey cow (433 kg) from a local dairy was stanchioned 
in a metabolism s ta l l  and catheterized with a foley retent ion 
catheter .  The animal was maintained on a twice dai ly  milking 
schedule and was provided an appropriate dairy ra t ion ,  with coastal 
bermuda grass hay and water avai lable ad l i b i tum.  Af ter  allowing 
several days to adjust to i t s  new surrou~nAd ~ ,  the animal was 
treated ora l l y  with a single dose of [ ~ C ]  RH-0994 at I0 mg 
RH-O994/kg of body weight (d i lu ted with unlabeled RH-0994 to a 
spec i f i c  a c t i v i t y  of 420 dpm/!Jg. Af ter  treatment, total  milk and 
urine samples were collected every  12 hours (a f te r  2 days, urine 
samples were collected at 24-hour i n te r va l s ) ,  and fecal samples 
were collected at 24-hour i n te rva ls .  Total radiocarbon in l i qu id  
samples was quanti tated by l i qu id  s c i n t i l l a t i o n  counting (LSC) of 
a l iquo ts ,  that in feces by oxygen combustion and subsequent LSC 
analysis (Oehler and Iv ie  1980). Seven days af ter  treatment, the 
animal was euthanized and selected t issue samples were taken for 
quant i ta t ion of radiocarbon residues by oxygen combustion. 
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Samples of urine (10 ml) were ac id i f ied  to pH ~2.0 with HCl, then 
were extracted 5 times with equal volumes of ethyl acetate. 
Radiocarbon in the aqueous and combined organic f ract ions was 
quant i tated,  and the organic phase was dried over sodium sul fate 
and the radiocarbon-labeled components were resolved by TLC (vide 
i n f r a ) .  

Samples of feces (10 g) were extracted 3 times with 20 ml volumes 
of ace ton i t r i l e  u t i l i z i n g  Polytron homogenization followed by 
cen t r i fuga t ion ,  and the l iqu id  and sol id phases were analyzed for 
radiocarbon content by LSC or oxygen combustion as appropriate. 
The feces extracts were then concentrated for TLC analys is .  

Although only very small quant i t ies of radiocarbon were present in 
any milk sample, studies were done on the milk collected 1/2 day 
a f te r  treatment in attempts to obtain some information on the 
nature of the radiocarbon present. Whole milk (125 ml) was 
ac id i f i ed  to pH <2.0 and then extracted 3 times with 150-m1 volumes 
of ethyl acetate. The combined extracts were dried over sodium 
sul fate and concentrated to an oi l  which was par t i t ioned between 
ace ton i t r i l e  and hexane. The ace ton i t r i l e  phase was concentrated 
by rotary evaporation for TLC analys is .  

Samples of l i v e r  and kidney (5 g) were extracted 5 times with 15 ml 
volumes of acetone-acetoni t r i le  ( I - i )  using Polytron 
homogenization. The extracts were concentrated, and then 
par t i t ioned between ace ton i t r i l e  and hexane--the ace ton i t r i l e  
f rac t ion  was subsequently analyzed by TLC. Samples of renal fa t  (5 
g) were extracted 5 times with 15 ml volumes of hexane, cleaned up 
by pa r t i t i on ing  between ace ton i t r i l e  and hexane, and the 
ace ton i t r i l e  phases analyzed by TLC. 

TLC studies u t i l i zed  Brinkmann S i lp la te  F-22, 20 x 20 cm, 0.25 mm 
gel thickness, with f luorescent ind ica tor .  Plates were developed 
e i ther  in 1 or 2 dimensions in I or more of the fol lowing solvent 
systems: A) benzene-ethanol-acetic acid, 93-7-1; B) hexane-ethyl 
acetate-methanol-acetic acid, 20-20-10-1; C) dichloromethane- 
methanol, 20-1; D) benzene-ether, 5-1; E) hexane-acetone-acetic 
acid, 50-50-1; F) chloroform-ethanol, I 0 - I ;  G) ether-hexane, 3 - I ;  
H) benzene-ethyl acetate-acetic acid, 90-9-1; I) benzene-ethanol, 
20-1; J) ether-ethyl  acetate-hexane, 3-1-1; and K) benzene-ethanol, 
99-1. I n i t i t a l  resolut ions with al l  samples were accomplished by 
2-dimensional TLC (A x B). Radiolabeled components were visual ized 
by autoradiography (Kodak No-Screen), and unlabeled RH-0994 and i t s  
analogs were visual ized under short-wave u l t r av i o l e t  l i g h t .  For 
quan t i ta t i ve  studies,  appropriate gel areas were scraped for d i rect  
LSC measurements. 

RESULTS AND DISCUSSION 

Of the tota l  radiocarbon given the cow, ~90% was eliminated during 
the 7-day period af ter  treatment (Figure 1). Most of th is  (~67% of 
dose) was excreted in the ur ine, whereas ~22% of the dose was 
el iminated in the feces. Trace levels of radiocarbon were detected 
in al l  milk samples col lected, but tota l  secretion of the 
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administered radiocarbon into the milk amounted to only 0.3% of the 
dose during the 7 day post-treatment period (Figure 1). 
Radiocarbon residues in tissues collected 7 days after treatment 
were highest in l iver  (2.2 ppm RH-0994 equivalent), kidney (1.8 
ppm) and fat (1.4 ppm). With the exception of lung (0.5 ppm) and 
blood (0.3 ppm), none of the other tissues analyzed contained >0.2 
ppm RH-0994 equivalent. These tissues included brain (<0.05), 
heart (0 . i ) ,  muscle (<0.05), ovary (0.2), spleen (0.1), tongue 
(0.2), and udder (0.2 ppm). 

100 

(/~ ,/Total ~ 89.6 
80 r /o _/0/0 

b /g- ~/Urin?o~,/O 66.9 

o 
40 o / J /  , /  
20 //// o J _ _ o  0 ~ 0  22.4 

o / 
0 " " "  ~ Milk 

0 / D  D [] P~ D,  [] [] 0.3 
I I I I I ' ' 
1 2 3 4 5 6 7 

DAYS AFTER TREATMENT 
Figure 1. Elimination of radiocarbon after oral treatment of a 
lactating cow with [~4C] RH-0994 at a dosage equivalent to 10 
mg/kg body weight. 

Two-dimensional TLC analysis (A x B) of the urine extracts resolved 
the ethyl acetate extractable urinary radiocarbon into several 
components (Table 1). Three of these were identified by TLC 
co-chromatography studies in systems A,B, and G-J as RH-0994 
phenol, its sulfoxide and sulfone analogs. These 3 phenols 
collectively comprised from <10% to >50% of the organic extractable 
radiocarbon in the urine, depending upon the sample (Table 1). In 
all urine samples, the organic extractable radiocarbon consisted in 
large part of quite polar compounds that remained at or near the 
origin on TLC (A,B). On the basis of chromatographic behavior, 
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metabolite unk 3, the major constituent of al l  urine samples, 
appeared to be a rather complex mixture of products rather than a 
single component. Studies in which whole urine was acidi f ied to IN 
HCl, then heated for 30 minutes at IO0~ resulted in l i t t l e  
di f ferences i n subsequent ethyl acetate part i t ioni  ng 
character is t ics from unheated, pH 2 urine. Further, TLC analysis 
of the extracts from ac id i f ied,  heated urine, gave metabolite 
d is t r ibu t ions  very simi lar to those shown in Table 1. These 
observations suggest that the more polar metabolites in urine are 
largely not in the form of acid labi le  conjugates such as 
glucuronides or sul fates. The chemical nature of these polar urine 
metabolites is not known. 

Extraction of selected fecal samples with aceton i t r i le  resulted in 
every case in >80% par t i t ion ing of radiocarbon into the organic 
phase (Table 2). Two-dimensional TLC (A x B) of the fecal extracts 
resulted in the resolution of several radioactive products, with 
the major component being ident i f ied (A,B) as unmetabolized RH-0994 
(Table 2). Sma l l  quantit ies of RH-0994 sulfoxide were also 
ident i f ied  (A,B) in fecal extracts, as were appreciable quantit ies 
of the phenol and much lesser amounts of the phenol sulfoxide and 
phenol sulfone (Table 2). 

Extraction of acidi f ied whole 1/2 day milk with ethyl acetate and 
subsequent cleanup of the extract by par t i t ion ing between 
ace ton i t r i l e  and hexane resulted in 14% as hexane soluble, 77% as 
ace ton i t r i l e  soluble, and 9% of the sample radiocarbon not 
extracted from the aqueous phase. TLC (A x B) resolution and 
co-chromatography studies with the aceton i t r i le  fract ion and long- 
term exposure (7 months) to X-ray fi lm showed that the major 
component (81%) in the milk extract was unmetabolized RH-0994. In 
addit ion, RH-0994 sulfoxide, sulfone, and the phenol, phenol 
sulfoxide, and phenol sulfone were also present in small amounts 
(none exceeding 5% of the radiocarbon in the extract) ,  as confirmed 
by TLC co-chromatography (A,B) with appropriate standards. Three 
unident i f ied metabolites were resolved from the milk extracts which 
co l lec t ive ly  comprised about 8% of the total radiocarbon present. 

Extraction of l iver  and kidney with acetone-acetonitr i le (1-1) 
recovered about 70% of the [ ~C ]  in l iver  and about 74% of that 
in the kidney. Subsequent par t i t ion ing of these samples 
(concentrated to o i ly  residues) between aceton i t r i le  and hexane 
resulted in essent ia l ly  al l of the radiocarbon residing in the 
ace ton i t r i l e  phase. TLC resolution and co-chromatography (A-F) 
studies showed that l iver  extracts contain the phenol sulfoxide 
(19%), phenol sulfone (34%), and unidentif ied polar component(s) 
(47%). Kidney extracts contain the phenol (31%), phenol sulfoxide 
(5%), phenol sulfone (9%), and unidenti f ied polar product(s) (55%). 
Extraction of fat samples with hexane recovered >85% of the 
radiocarbon present and more than 90% of this part i t ioned into 
ace ton i t r i l e  during the ql~anup procedure. TLC studies revealed 
the presence of only 2 [ i "C]  components in the extracts of fa t ,  
which were ident i f ied on the basis of TLC co-chromatography studies 
(A-F) as intact RH-0994 (85%) and RH-0994 sulfoxide (15%). 

313 



T
ab

le
 

2.
 

S
am

pl
e 

(D
ay

s 
A

ft
e

r 
D

os
in

g)
 

M
e

ta
b

o
li

te
s 

in
 

Fe
ce

s 
o

f 
a 

L
a

ct
a

ti
n

g
 

C
ow

 T
re

a
te

d
 

W
ith

 
[1

4
C

] 
R

H
-0

99
4 

as
 

a 
S

in
g

le
 

O
ra

l 
D

os
e 

E
q

u
iv

a
le

n
t 

to
 

1
0

.0
 m

g/
kg

 
B

od
y 

W
ei

gh
t 

M
e

ta
b

o
li

te
 

o
r 

F
ra

ct
io

n
 

(%
 o

f 
R

ad
io

ca
rb

on
 

in
 

S
am

pl
e)

 a
 

R
H

-0
99

4 
P

he
no

l 
P

he
no

l 
R

H
-0

99
4 

b 
S

u
lf

o
xi

d
e

 b
 

P
he

no
l b

 
S

u
lf

o
xi

d
e

 b
 

S
u

lf
o

n
e

 b
 

U
nk

no
w

n c
 

R
es

id
ue

 d 

L~
J 

4
~

 

1 
4

1
.8

 
2

.5
 

3
1

.9
 

1
.9

 
2

.8
 

7
.6

 
11

.5
 

2 
51

.4
 

0
.8

 
3

2
.0

 
1.

6 
3.

1 
8

.7
 

2.
4 

3 
6

5
.6

 
0

.4
 

23
.5

 
0

.6
 

2
,8

 
3

.3
 

3
.8

 

4 
63

.9
 

0
.4

 
15

.4
 

0
.2

 
2

.6
 

1.
0 

16
.5

 

7 
63

,9
 

0
.5

 
24

.0
 

0 
0

.4
 

0
.9

 
10

.3
 

aA
s 

re
so

lv
e

d
 

by
 

2
-d

im
e

n
si

o
n

a
l 

TL
C

. 
b

ld
e

n
ti

fi
e

d
 

on
 t

h
e

 
b

a
si

s 
o

f 
TL

C
 c

o
-c

h
ro

m
a

to
g

ra
p

h
y 

st
u

d
ie

s 
w

it
h

 
a

u
th

e
n

ti
c 

st
a

n
d

a
rd

s 
(s

e~
 

te
x

t)
. 

C
C

u
m

u
la

ti
ve

 
to

ta
ls

 
fo

r 
1-

5 
u

n
id

e
n

ti
fi

e
d

 
m

e
ta

b
o

li
te

s
, 

d
e

p
e

n
d

in
g

 u
po

n 
th

e
 

sa
m

pl
e.

 
U

R
ad

io
ca

rb
on

 
n

o
t 

e
xt

ra
ct

e
d

 
fr

om
 

th
e

 
fe

ce
s 

re
si

d
u

e
s.

 



Our studies indicate that RH-0994 is absorbed, metabolized, and 
excreted af ter  oral administrat ion to a lac ta t ing cow. Most of 
the dose is u l t imate ly  eliminated in the urine (Figure I ) ,  
i nd ica t ing  that absorption is quite extensive. Only a very small 
amount of the administered radiocarbon is secreted into the milk.  
Retention of residues by t issues,  to the extent that i t  occurs, 
appears to be maximum in l i v e r ,  kidney, and f a t .  Unmetabolized 
RH-0994 and i t s  sul foxide are the only detected [14C] residues 
in f a t ,  but in kidney and l i v e r ,  no in tact  ester metabolites are 
detected and only RH-0994 hydrolysis products are i d e n t i f i e d .  The 
trace levels of radiocarbon secreted into milk consist pr imar i ly  of 
unmetabolized RH-0994, but metabolites ar is ing through su l fur  
ox idat ion and ester hydrolysis are also secreted into mi lk.  

The el iminat ion curves in Figure 1 indicate that  radiocarbon 
residues, at low leve ls ,  continued to be eliminated by the cow at 
the time i t  was sacr i f iced 7 days af ter  treatment. Such an 
observation might well not re f lec t  the normal d ispos i t ion  of 
RH-0994 at lower dosages. This is because the animal, although 
appearing normal for several days pr ior  to treatment, may have been 

C,H,O\ mO _ _  ~ - .  
2 ' : ' ,  

C3H7 S O - - ~  S ~ ' - C l  

RH-0994 PHENOL 

l l 
C~HsO\ ~0 ~ 0 

RH-0994 SULFOXIDE 

i 
C2HsO\_//-n ~ O ,---- ,  

RH-0994 SULFONE 

PHENOL SULFOXIDE 

PHENOL SULFONE 

Figure 2. Iden t i f i ed  metabolites of RH-0994 in a lac ta t ing cow. 
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affected adversely by the oral i0 mg/kg RH-0994 dose. No signs of 
organophosphorus poisoning were observed, but the animal 
experienced a considerable curtailment of feed consumption within 
24 hours after dosing, and the cow had not returned to a normal 
feed consumption pattern by the end of the experiment. Generation 
of excreta, part icularly feces, was considerably diminished, and 
thus the gastrointestinal tract was probably not "cleared" of the 
administered dose as rapidly as would have occurred under more 
normal circumstances. The fact that detectable levels of 
unmetabolized RH-0994 were seen in feces for as long as 7 days 
after treatment supports the view that persistence of residues in 
our study animal was quite possibly increased by rumen or other 
digestive tract dysfunction. 

These studies establish that the biotransformation mechanisms for 
RH-0994 in the cow include hydrolysis of the phosphorus-__O-phenyl 
ester linkage and oxidation of the sulfide sulfur to sulfoxide and 
sulfone analogs (Figure 2). The chemical identi t ies of the more 
polar metabolites observed are not known. Data from tissue and 
milk analyses suggest that unmetabolized RH-0994 and/or i ts  intact 
ester oxidation products wil l  occur as appreciable residues only in 
l ip id  rich tissues. 
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