
entirely as dimethyl phosphoric acid on 
an anion exchange resin (75). 
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0,O-dimethyl 0-( 2,4,5trichlorophenyI) phosphorothioate is  susceptible to hydrolysis at 
either the methyl-phosphate or phenyl-phosphate bond. Both sites of hydrolysis have 
been demonstrated with alkali and bovine rumen juice and in rats, houseflies, and a cow. 
The oxygen analog of this insecticide undergoes similar hydrolic cleavage. The excretory 
metabolites of 0,O-dimethyl 0-(2,4,5-trichlorophenyl) phosphorothioate and three deriva- 
tives were established for rats. A slower detoxification and excretion of the insecticide 
metabolites occurred with the cow compared to rats, but the same metabolic pathway 
was demonstrated for each. 

EVERAL ORGAKOPHOSPHATE IKSECTI- S CIDES are effective chemotherapeu- 
tic agents for cattle grubs following oral, 
subcutaneous, or epidermal administra- 
tion (77, 78). Robbins, Hopkins, and 
Eddy have published on the distribution 
and metabolic fate of two of these. 
Diazinon and Dipterex, in lactating 
cows (24, 25) and have presented a pre- 
liminary report on the fate of a third, 
0,O-dimethyl 0-(2.4,5-trichlorophenyl) 
phos phorothioate (Trolene), in a calf 
(23).  Trolene administered orally a t  
100 mg. per kg. not only kills larvae 
present in the backs of cattle, but also 
completely prevents the encystment of 
new larvae (77. 26). .4t the recom- 
mended dose. the insecticide rarely 
produces symptoms and these are of a 
mild transient nature (22). 

In this study. Trolene was adminis- 
tered orally to rats and a lactating cow 
at  100 mg. per kg.. and the distribution 
and metabolic pathway were deter- 
mined. 

Methods and Results 

Radioactive Syntheses. 
Phosphorus-32 trichloride 

Studies was obtained through neu- 
tron irradiation of phosphorus trichloride 
or by chlorination (70) of red phos- 
phorus-32 from AEC service irradiation 
at  Oak Ridge. Tenn. (both irradiations 
at  7 X 10*1 neutrons per sq. cm. per sec- 
ond flux for 4 weeks). The phosphorus 
trichloride was converted to thiophos- 
phoryl trichloride (74) and then to di- 
methyl thiophosphoryl chloride ( 9 ) .  0,- 
0-Dimethyl 0-(2.4,5-trichlorophenyl) 
phosphorothioate was formed by reaction 
in acetone of the dimethyl thiophosphoryl 
chloride with equimolar 2,4,5-trichloro- 
phenol (purified sample from Hooker 
Electrochemical Co.) in the presence of 
equimolar sodium carbonate ( 9 ) .  The 
product was dissolved in hexane. washed 
three times with 10% sodium carbonate. 
and further purified by partition chro- 
matographv on a Celite-iso-octane-meth- 

anol column (2). The  purified organo- 
phosphate represented a 20% yield from 
phosphorus trichloride and was identical 
in infrared spectrum to known 0,O- 
dimethyl 0-(2.4.5-trichlorophenyl) phos- 
phoro thioa te. 

0 - (2,4,5 - trichloro- 
phenyl) phosphate (the oxygen analog 
of Trolene) was prepared in 70% yield 
from phosphorus-32 trichloride by the 
method of Fukuto and Metcalf ( 7 7 )  
and purified as above yielding an infra- 
red spectrum identical with the known 
compound. The compound was also 
prepared (nonlabeled) by nitric acid 
oxidation of the corresponding phos- 
phorothioate after the method of Johnson 

0-Methyl 0-h)drogen 0-(2.4.5- 
trichlorophenyl) phosphorothioate was 
prepared from iadioactive Trolene bv 
alkaline hydrolysis \rith 2 molar equiv- 
alents of alcoholic potassium hydroxide 
and purified by ion exchange chroma- 
tography. The radioactive sample \vas 

0,O - Dimethyl 

( 73). 
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Table 1. Nature of Hvdrolvsis Products of Trolene and Derivatives after Exnosure to Various Chemical and 
' BiAogical Systems Based on Ion Exchange Chromaiography 

Per Cent as Various Hydrolysis Products 
~. 

Phenyl 
Treatment ( H O ) z P ( O ) O H  (CH30)2P(O)OH (CHa0)2P(S)OH phosphotes Unidentified 

.Ukaline Hydrolysis 

Compound 

(C:H OJ~P(S)O+CII  1 mole ROH 
2 moles KOH 
4 moles KOH 

22 78 
36 64  
96 4 

0 
0 
0 

(CH ,O)>P(O)O+CI 1 mole KOH 
2 moles KOH 
4 moles KOH 

0 
0 
0 

51 
75 
98 

49 0 
25 0 

2 0 

Metabolites in Rat Crinc aftcr Oral .Administration of 100 Mg. per Kg. 
0-12 hr. 

12-24 hr .  
24-48 hr. 

0 
0 
0 
0 
0 
0 
0 
c 
0 
0 
0 

20 
42 
57 
65 
33 

8 
8 

26 
25 
11 

72 
50 
17 
10 
56 

48-168 hr. 
0-168 hr. total 
0-168 hr. 
0-12 hr. 

12-24 hr. 
24-48 hr. 
48-168 hr. 

0-168 hr. total 

0-72 hr .  
0-72 hr. 

46 
28 
36 

54 0 
72 0 
64 0 
44 4 52 

58 
44 

36 
53 

6 
3 

. .  

. .  1 2  . . .  
0 100 

88 0 
0 

Bovine Rumen Juice in vitro 
0-24 hr. 0 8 16 '6 0 

Housefly Topical in vivo 
0-10 min. 
0-60 min. 

0 
0 

7 0 98 - 0 
3 89 8 0 

'I Estimated dosage of 2.50 nig. per kg. 
" Prrpared by hydrolysis of Trolene with 2 molar equivalents of potassium hydroxide in absolute alcohol. 

characterized by ;in infrared spectrum 
and by chromatography with non- 
radioactive carrier on an ion exchange 
resin as described below. The known 
sample of O-methyl 0-hydrogen 0- 
(2.4,5-trichlorophenyl) phosphorothio- 
ate as the ethylamine salt (provided by 
the Dow Chemical Co.) was analyzed 
and gave the following results: 

alcohol and incubated at  28' C.  for 16 
hours with l! 2: or 4 molar equivalents of 
alcoholic potassium hydroxide. After 
evaporation of the solvent, the residue 
was partitioned with water and chloro- 
form. Aliquots of both phases were 
analyzed for total phosphorus to deter- 
mine the per cent hydrolysis. The water 
layer was analyzed by ion exchange 
chromatography to determine the nature 
of the hydrolysis products (Table 1). 
Identical experiments were made with 
dimethyl phosphoric acid? potassium 
dimethyl phosphorothioate, and the 
ethylamine salt of 0-methyl 0-hydrogen 
0-(2,4.5-trichlorophenyl) phosphoro- 
thioate except that the aqueous solutions 
were not extracted with chloroform 
prior to ion exchange chromatography. 

Trolene and its oxygen analog were 
susceptible to alkaline hydrolysis a t  two 
sites on the molecule. Under milder 
conditions (equimolar potassium hy- 
droxide and organophosphate in alcohol) 
the phosphorus-oxygen-methyl bond was 
predominantly cleaved while with 4 
molar equivalents of potassium hydroxide 
the phosphorus-oxygen-phenyl bond was 
the main site of hydrolysis. Under 
these alkaline conditions all primary 
hydrolysis products appeared to be 
stable as no phosphoric, phosphorothioic. 
or monoalkyl phosphoric or phosphoro- 
thioic acids \vere formed. Further. 
dimethyl phosphoric, dimethyl phos- 

phorothioic, and 0-methyl 0-(2,4,5- 
trichlorophenyl) phosphorothioic acids 
were stable to hydrolysis by ethanolic 
potassium hydroxide. 

Chromatography. Partition chro- 
matography was used for separation and 
purification of Trolene and its oxygen 
analog. M'ith a Celite-iso-octane-meth- 
anol column (2) of 3.6 X 26 cm., 
Trolene was eluted after about 160 ml. of 
eluate and the oxygen analog after about 
220 ml. Complete separation of the 
tivo materials was obtained. 

Ion exchange chromatography by the 
procedure of Plapp and Casida (27) 
allowed separation of the following 
possible hydrolytic products of Trolene : 
phosphoric. phosphorothioic, methyl 
phosphoric, dimethyl phosphoric. di- 
methyl phosphorothioic. O-methyl 0- 
(2.4.5-trichlorophen).1) phosphoric. and 
the corresponding phenyl phosphoro- 
thioic acids. 

CsHi &I 0 3NPS 
CI hl P S CHaO 

C'alcu- 
lated 30 24 3 '98 8 81 9 11 8 82  

Found 30 30 3 08 7 48 8 30 8 64 

Dimethyl phosphoric acid was re- 
covered as a metabolite of another phos- 
phorus-32-labeled insecticide and puri- 
fied by ion exchange chromatography. 
Sonradioactive trisodium phosphoro- 
rhioate was prepared by reacting, in 
aqueous medium, thiophosphoryl tri- 
chloride with 6 molar equivalents of 
sodium hydroxide and then precipitating 
with ethyl alcohol (7.9). This salt 
(melting point 6 0 O  C.) was about 93% 
pure based on ion exchange chroma- 
tography. 

Alkaline Hydrolysis. The stability to 
hydrolysis by alcoholic potassium hy- 
droxide and nature of the products 
formed were studied with Trolene and 
its oxygen analog. Organophosphate, 
700 pmoles. was di,ssolved in 95% ethyl 

Radioactive Trolene 
Metabolism Of and several derivatives Trolene and were administered Derivatives orally to white rats at 

dosages indicated in in Rats 

Table I. Trolene and-its oxygen analog 
were administered in corn oil solutions 
and the phosphoric acid derivatives in 
aqueous solution. Rats were also treated 
lvith Trolene by subcutaneous injection 
of the compound in corn oil. In any 
given experiment, equal numbers of 200- 
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Figure 1 .  Excretion curves for Trolene 
metabolites from rats and a cow after 
oral administration at 100 mg. per kg. 

to 300-gram male and female rats were 
used. Treated animals were held in 
metabolism cages which permitted sep- 
arate collection of urine and feces (7). 
The  rate of excretion was measured. and 
the urine samples were held at  4' C. 
until analyzed by ion exchange chroma- 
tography. The excretion curves for 
Trolene from rats are shown in Figure 1. 

When radioactive Trolene was ad- 
ministered orally to rats a t  100 mg. per 
kg.. and the rats were sacrificed at  differ- 
ent time intervals after treatment, the 
highest levels of Trolene and derivatives 
in all tissues were reached after 12 
hours izith an equilibration of radio- 
activity within the rats after about 12 
days (Figure 2). The tissues in order of 
decreasing persistence of Trolene and 
metabolites were: liver, kidney, spleen. 
subcutaneous and mesenteric fat. heart. 
and brain. The residues persisting 7 
days after oral administration were 
similar to Trolene and its oxygen analog 
(Table 11). Skin, even when freed of 
subcutaneous fat by scraping. was ex- 
tremely high in persisting residues of 
both compounds. Tissue residues weie 
not fractionated because of insufficient 
radioactivity. 

Trolene and its oxygen analog were 
hydrolyzed in rats a t  two sites on the 
molecule, and the primary hydrolysis 
products were rapidly excreted. Excre- 

Table 11. Total Parts per Million 
of Trolene Derivatives 7 Days after 
Oral Administration of Trolene and 
Its Oxygen Analog to Rats at 1 0 0  
Mg. per Kg." 

Oxygen 
Sample Trolene Analog 

Subcutaneous 
fat 6 8 1 2 7  1 7 1 0 6  

Mesenteric fat 2 . 7  k 0 .6  1 . 7  f 0 5 
Liver 5 . 6  i 2 . 1  10 .4  1 1 . 9  

Kidney 5 . 1  ~ k 2 . 0  5 . 4 1 1 . 2  
Brain 2 . 9  i 1 . 7  5 .6  3~ 1 . 5  
Skin 53.4 =k 6 . 0  86.0 1 1 7 . 7  

a P.p.m. calculated on basis of total 
radioactivity. Variation expressed a 
standard error of the mean. 

Spleen 0 . 8  * 0 . 3  2 . 9  Zk 0 . 7  

Figure 2. Persistence of Trotene and 
metabolites in several rat tissues after 
oral administration at 100 mg. per kg. 

tion in the urine and feces accounted 
for up to 70% of the administered dose. 
and both organophosphates were ex- 
creted in the urine completely as hy- 
drolyzed metabolites. Ion exchange 
chromatography shelved that the first 
urine samples contained the highest 
percentage of phenyl phosphoric and 
phosphorothioic acids and that the per- 
centage decreased progressively with 
time while the per cent of dimethyl 
phosphoric acids increased correspond- 
ingly (Table I). Of the phosphorus- 
oxygen-phenyl metabolites in the urine 
following Trolene treatment about 40% 
were 2,4,5-trichlorophenyI phosphoro- 
thioic acids and 60% were 2,4,5-tri- 
chlorophenyl phosphoric acids. The 
proportion of phenyl phosphoric metabo- 
lites was about the same with Trolene 
administered orally or subcutaneously at 
100 mg. per kg. and \vith the oxygen 
analog given orally at 100 or 250 mg. per 

When dimethyl phosphoric acid was 
fed to rats, the compound was excreted 
per se. Phosphorothioic acid never 
appeared as a metabolite of Trolene. 
When 0-methyl 0-(2,4,5-trichloro- 
phenyl) phosphorothioic acid was fed, 
about 12%, of the radioactivity excreted 
was phosphoric acid and the remainder 
was almost completely oxidized to the 
corresponding phenyl phosphoric acid. 

kg. 

- _  
A 700:kg. -Holstein cow 

Metabolism in late lactation was 
Of Trolene treated with 100 mg. per in a Cow kg. of Trolene (70 grams 
with 1.60 X 109 total counts per minute). 
The insecticide was mixed ivith ground 
grain and placed in five 4-ounce gelatin 
capsules which were administered to the 
cow within 1 hour. The co\v was held 
7 days in a metabolism stall which 
allowed semiquanritative collection of 
excretory products. Records of total 
milk, urine, and fecal production were 
kept. Samples of blood. milk. urine, 
and feces were taken at  various times 
after treatment and held at 4' C. until 
analyzed. A4fter 7 days, the cow was 
slaughtered, and tissue samples were 
taken for analysis. 

A 3-day-old bull Holstein calf was 

fed on the milk of the treated cow at the 
rate of 4 pounds twice a day for the 
first 3 days and then 6 pounds twice a 
day for the remainder of the test period. 
The calf thus obtained a portion of each 
milk sample taken from the radioactive 
cow. Frequent blood samples were 
taken from the calf, and they never 
showed more than 1.5 p.p.m. of total 
Trolene and metabolites, nor any de- 
pression in cholinesterase level. The 
calf was not sacrificed, as insufficient 
radioactivity was present for satisfactory 
tissue analysis. 

Blood Cholinesterase and Toxicol- 
ogy. The cholinesterase activit!- of 
whole blood, plasma, and red blood 
cells was determined manometrically 
(6 ) .  -4 progressive cholinesterase de- 
pression resulted to about 40 to 50y0 
of pretreatment activity after 3 days 
(Figure 3). The plasma cholinesterases 
were more greatly depressed than the 
corpusclr cholinesterases but the low 
level of plasma activity made these 
determinations more variable. S o  
symptoms of phosphate poisoning were 
observed in the treated animal nor ivere 
any gross pathological abnormalities 
observed when the COW was slaughtered. 

Fractionation Procedures for Trolene 
and Metabolites. Trolene and its 
oxygen analog \rere separated from 
hydrolysis products by extraction into 
Skellysolve B from aqueous solutions. 
Cleanup of the Skellysolve B extract 
from biological materials was effected 
by extracting four times with aceto- 
nitrile, adding an equal volume of Ivater 
to the acetonitrile, and extracting the 
organophosphates back into Skellysolve 
B. The nature of the Skellysolve B 
solubles was then ascertained by Celite 
column chromatography. 

Blood. The parts per million of 
Trolene and derivatives in the whole 
blood based on radioactivitv are sho1z.n 

Figure 3. Cholinesterase depression 
and Trolene derivatives in blood of a 
cow after oral administration at 100 
mg. per kg. 
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Figure 4. Secretion of Trolene and 
derivatives in inilk of a cow after 
oral administration at  100 mg. per kg. 

in Figure 3 ,  The peak level of 25 
p.p,m, of total Trolene equivalents \cas 
reached after 8 to 12 hours folloived by a 
progressitre decline to about 5 p p m .  
after 7 days. TEe Trolene level (Skelly- 
solve B solubles) peaked at  8 hours \viT.h 
1 p.p.m. and dropped to 0.12 p.p.m. 
after 24 hours and 0.05 p.p.m. after 7 
days. 

Milk. One hundred-milliliter sam- 
ples of \vhole milk were mixed ni th  0.5 
gram of potassium nitrate, 100 ml. of 
95y0 ethyl alcohol, and 150 ml. of 
Skellysolve B ( 8 ) :  and were extracted for 
30 minutes in a mechanical shaker. 
The  Skellysolve K layer was separated 
by centrifugation and the casein by pre- 
cipitation with dilute nitric acid (3). 
About 2.2% of the total radioactivity 
administered to the cow was secreted in 
the milk within 7 days. A milk sample 
taken 8 hours after treatment contained 
37 p.p,m. of Trolene equivalents of 
which 32 p.p.m. were Skellysolve B 
extractable. Thi,s extractable radioac- 
tivity declined rapidly but still constituted 
0.4 p.p.m. after 7 days (Figure 4). 
Greater than 35%; of the radioactivity in 
a Skrllysolve B extract from a pooled 
0- to 48-hour milk sample \cas Trolene 
based on chromatography and bioassay 
Lvith houseflies. Radioactive casein in the 
milk reached a maximum of 4 p.p.m, 
of Trolene equi\.alents 34 hours after 
treatment. 

Tissues. .A series of 17 tissues \cas 
fractionated to separate Trolene and 
its oxygen analog from hydrolysis prod- 
ucts and unextractable residues apprar- 
ing in the protein fraction. The  follo\i- 
ing procedure waz, used : 

One hundred-gram tissue samples 
were macerated bvith 100 ml. of water 
in a \Yaring Blendor. and the brei was 
adjusted to pH 5 with trichloroacetic 
acid. The  samplc was extracted for 30 
minutes in a mechanical shaker with 
150 ml. of Skellysolve B and poured 
through cheesecloth to remove the pre- 
cipitated proteins. Centrifugation sep- 
arated the Skelly,iolve B and aqueous 

phases. The aqueous phase \vas re- 
combined with the precipitated proteins. 
15 grams of trichloroacetic acid was 
added. and the sample \vas held over- 
night. The  aqueous phase was again 
separated from the protein residue by 
pouring through cheesecloth. The  resi- 
du: was lvashed t\vice Lvith 10yc tri- 
chloroacetic acid. twice \vith 957c ethyl 
alcohol. once \cith 3 to 7 ethyl alcohol- 
ether. and ncice Tvith ether. 

The  parts per million of Trolene 
equivalents in each fraction of the 
various tissues are given in Table 111. 
The  total Trolene equivalents varied 
from 6 p,p,m.  in the spinal cord to 80 
p.p.m. in the kidney. The  highesr levels 
of Trolene (Skellysolve B-solub!e radio- 
activity) appeared in the fat. kidneys. 
and lungs. Chromatography of Skelly- 
solve B extracts of subcutaneous and 
mesenteric fat xvith knoicn Trolt-ne and 
its oxygen analog shmved that better 
than 9iyc of the radioactivity present 
chromatographed as 'Irolene. Upon 
fractionation of the brain phospholipides 
after the method of Harrow (72). radio- 
activity was found in the lecithin- 
cephalin and sphinogomyelin fractions. 

Urine. Trolene metabolites in the 
urine accounted for about 497, of the 
administered dose (Figure 1): but this 
per cent rxcretion figure can be con- 
sidered as minimal as the metabolism 
stall utilized was not optimal for quanti- 
tative collection. The  peak level of 
radioacyivity occurred from 18 to 32 
hours after treatment with about 1800 
p.p.m. of Trolene equivalents in the 
i:rine. 

.4t the time the cow \vas treated. the 
ion exchange separation of hydrolysis 
products was not adequately developed 
for use asxvith the rat experiments. How- 
ever, a large fraction of the radioactivity 
in the urine could be extracted from acidi- 

fied urine with chloroform. After 
cleanup on an ion exchange resin, com- 
parison of infrared spectra of the 
chloroform-extractable metabolite(s) 
\vith spectra of knolvn ~l-rolene deriva- 
tives indicated that this fraction was 
predominantly 0-methyl 0-hydrogen 
0-(2.4,5-trichlorophenyl) phosphorothio- 
ate. 

Feces. One hundred-gram fecal 
samples were macerated with 100 ml. of 
\cater and 100 ml. of Skellysolve B in a 
\Varing Blendor. The supernatant was 
poured through cheesecloth, and the 
aqueous and Skellysolve B layers \cere 
separated by centrifugation. About 77c 
of the administered dose rcas excreted 
in the feces with about one seventh of 
this being Skellysolve B soluble. Chro- 
matography showed this fraction to be 
'I'rolene. Trolene per sr reached a 
maximum level of 24 p,p.m. in the feces 
a t  24 hours and diminished to 2.3 p p m .  
after 70 hours and 0.1 p . p . m  afttcr 120 
hours. 

Bovine Rumen Fluid. 
The stabiliry of Trolene 
on incubation with 

Other 
Considerations 

stagnating bovine rumen juice was studied 
by a described procedure ( I )  and the 
hydrolysis products were characterized 
by ion exchange chromatography (Table 
I) .  N o  conversion to the oxygen analog 
was demonstrated under these conditions. 
The primary site of hydrolysis of Trolene 
by rumen fluid was at  the phosphorus- 
oxygen-methyl group to yield phenyl phos- 
phoric acids. Some dimethyl phosphoric 
acid as well as dimethyl phosphorothioic 
acid was formed indicating the possible 
occurrence of oxidative metabolism as 
well as hydrolysis. 

Houseflies. Acetone solutions of Tro- 
lene and various derivativrs were assayed 
for toxicity to flies folloiving topical 

Table 111. Parts per Million of Trolene and Derivatives 7 Days after Oral 
Administration to a Cow at 100 Mg. per Kg. 

Sample 
Skelly 6 Water  
Soluble Soluble Residue Total 

Subcutaneous fat 18.0 1 5.0 
Mesenteric fat 8 . 9  f 2.5 
Loin muscle 4.2'3 
Neck inusclr 1 . 9 1 1 . 0  
Liver 1 8 1 0 . 4  
Spleen 1 .0 1 0.4 
Kidney 9 . 4  1 3.9 
Lung 9 2 1 1  5 
Heart 1 7 1 1 . 2  

19 1 1 1  0 8 2 1 5 1  4 4 3 1 7 7  
13 2 1 2  7 1 0 1 0 2  2 3 1 3 ~ 3 3  
10 3 2u 18 2 f 1  1 
2 0 1 1  0 3 6 f O  8 5 f l  0 
23 3 f l  1 6 8 f l l  3 1 9 1 6 7  
10 3 1 0  5 0 7 1 0 5  1 1 6 f 2 1  
4 8 - 1 7 4  2 1 9 1 3 9  8 0 0 f l 6 5  
28 4 1 2  8 8 0 f l j  4 5 6 1 6 -  
1 8 2 1 1  6 5 5 1 2 0  2 5 4 1 2 8  

Brain 1 O h  10 9 h  1 Oh 13 8 * 1  2 
Spinal coi d 2 2h 3 71 0 3 b  6 2 f 0 8  
Tongue 0 7 + 0  1 5 8 1 1  0 3 2 f 0  9 9 - 1 0  1 
Hide 2 0 f l 5  3 9 f 2  1 3 'f0 6 9 6 f l  5 

Rumen wall 2 8 f l 3  3 6 1 1  5 1 6 1 0 2  8 0 1 0  
Diaphragm 4 9 + 0 7  1 6 f 0 8  4 5 1 0 3  1 1 3 f 2 2  

Rumen contents 1 6 f 0 8  5 . 8  f 0.9 0 . 9  1 0.4 8 3 1 2.8 
Sma!l intestine 

and contents 2 . 9 1 1 . 0  2 8 9 1 1  1 0.8 1 0 2 32 6 1 7.7 
Bone (rib) 14.4 f 0 9 
Ovary 27 7 1 1 . 4  

lL Two replicates. One replicate. All others. 3 replicates. Variation rxpressed as 
standard error of the mean. 
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HO-P, ’ 9.0, + phospholipids and phosphoproteins 

OH Ix 
Figure 5. Proposed metabolic pathway for Trolene and its oxygen analog 

A. Alkaline hydrolysis 
c. cow 
E.  Enzyme inhibition 
f. Housefly 

application (75). The microgram-per- 
gram LDjo values were found to be 1.5 
for Trolene, 2.0 for the oxygen analog. 
and over 1000 for 0-methyl 0-hydrogen 
0-(2,4,5-trichlorophenyl) phosphoro- 
thioate. 

Houseflies treated topically with L D K  
dosages of Trolene and the oxygen 
analog showed similar time-mortality 
curves and similar in vivo brain cholines- 
terase depression and recovery curves 
(20). The oxygen analog of Trolene is 
about 2000 times as potent as inhibitor of 
fly brain cholinesterase in vitro as Tro- 
lene (76). 

TWO groups of about 1000 adult house- 
flies (Musca domestica L.) were sprayed 
with an acetone solution of radioactive 
‘Trolene. One group was sacrificed after 
10 minutes when the flies were hyper- 
active and the other group after 1 hour 
when most of the flies were paralyzed. 
The nonhydrolyzed radioactivity was 
recovered completely as Trolene with no 
evidence for the presence of the oxygen 
analog. Characterization of the hy- 
drolysis products by ion exchange chro- 
matography showed that the primary site 
of hydrolysis was a t  the phosphorus- 
oxygen-phenyl bond (Table I). 

Miscellaneous. Total phosphorus 
and radioactive measurements were 
made by previously described methods 
(5). Infrared spectra were run in a 
Baird spectrophotometer with sodium 
chloride optics and lO7c solutions of the 
chemicals in chloroform, carbon tetra- 
chloride, and carbon disulfide. 

Discussion 

Trolene is susceptible to degradation 
through the pathways shown in Figure 
5. There are three initial sites of attack 
of the molecule. Two of these, phos- 
phorothioate oxidation (Figure 5, I )  
and hydrolysis of the phosphorus-oxygen- 
phenyl bond (Figure 5, 11), have been 

M.  Bovine rumen fluid 
0. Chemical oxidation 
R. Rats 

previously shown for dialkyl aryl phos- 
phorothioates (4) .  Hydrolytic attack 
at the alkoxy group to yield a stable 
monoalkyl aryl phosphodiester has not 
been previously reported. Both Trolene 
and its oxygen analog are susceptible to 
hydrolysis of their phosphorus-oxygen- 
nietli!.l bond (Figure 5. 111, VI) as 
\vel1 as cleavage of the phosphorus-oxy- 
gen-phenyl bond (Figure 5. 11, V). 
The relative degree of attack at  these 
three sites (Figure 5, I .  11, 111) varies 
with the chemical or biological system 
and Conditions employed. 

Thv metabolic pathway of Trolene 
in a co\\ uas similar to that found in 
rats, but with a slower detoxification and 
excretion (Figure 1). Tissue residues of 
Trolene equivalents (Trolene plus me- 
tabolites) were generally as high after 7 
days ivith the cow as after 1 day with the 
rats (Figure 2 and Table 111). The 
formation of labeled casein and phos- 
pholipides is evidence for the complete 
degradation of the compound to phos- 
phoric acid via a phenyl phosphate 
intermediate. Hydrolysis of Trolene 
by houseflies was predominantly at the 
phenyl group, under the experimental 
conditions employed. in contrast to rats 
where hydrolysis of a methyl group 
predominated. If this difference in the 
initial site of hydrolysis of Trolene be- 
tween insects and mammals proved to be 
general, it might partially serve to ex- 
plain the selective toxicity towards 
insects. 

The metabolic pathway of an organo- 
phosphate can be partially but not com- 
pletely elucidated through characteriza- 
tion of excreted hydrolysis products. 
A primary difficulty is interpreting 
whether the initial attack was oxidation 
or hydrolysis. Another difficulty lies in 
possible degradation of certain unstable 
hydrolysis products in the sampling and 
analysis. 

The oxygen analog of Trolene was 

not recovered by chromatography as an 
in vivo metabolite in flies or in cows 
(milk fat, body fat, or feces) nor from 
in vitro incubation kvith bovine rumen 
juice. Hotvever, indirect evidence for 
its formation is available from the 
inhibition of cow blood cholinesterases 
and fly brain cholinesterases in Trolene- 
treated animals, despite the very low 
anticholinesterase activity of Trolene as 
compared with its oxygen analog. 
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Spergon is  dissolved from plant surfaces with benzene. The Spergon in the recovered 
solvent oxidizes diphenyl-p-phenylenediamine to a blue Wurster salt. Extraction of the 
benzene with an aqueous acetic acid-hydrochloric acid solution removes the Wurster salt 
to the aqueous acid phase. The absorbance is measured spectrophotometrically at 700 
mp. Recovery data 
were obtained at the 0.1 - and 0.5-p.p.m. level. 

This method has been applied to broccoli, cauliflower, and lettuce. 

HE FUNGICIDAL PROPERTIES of tetra- T chloro-l,4-benzoquinone (Spergon) 
were discovered ;at the General Labora- 
tories of Vnited States Rubber Co. in 
1940 (8). 

0 
Spergon 

Spergon is used chiefly to protect seeds 
and bulbs ( 7 ,  4: 6, 7). I t  also gives 
outstanding control of downy mildew of 
broccoli, caulifloiver, and lettuce ( 7 >  5: 
6 ) .  The latter use involves spray or 
dust application to food crops, which 
necessitates residue analysis to determine 
a safe level of use-in the neighborhood 
of 0.1 p.p.m. 

Several good color tests for micro- 
determination of Spergon are known. 
For example, Spergon forms a strong 
yellow color with anhydrous diethyl- 
amine, which is the basis for the deter- 
mination of Spergon on treated seed 
(3) .  I n  aqueous sodium hydroxide. 
Spergon readily converts to the sodium 
salt of chloranilic acid. Upon acidifica- 
tion, the free chloranilic acid produced 
is an  intense purple color. These color 
tests are sufficiently sensitive for residue 
analysis ; however. attempts to recover 
1-p.p.m. doses of ,Spergon from broccoli 
and cauliflower by these tests failed. 

Compounds of .the same general type 
as Spergon combine irreversibly Lvith 

plant constituents. The failure of the 
above color tests. which utilize the re- 
active chlorine atoms of Spergon. to 
produce color indicated that the reactive 
chlorine atoms of Spergon had been 
rendered inactive by combination with 
plant constituents. Next, attempts were 
made to utilize the oxidative properties 
of the quinone groups of Spergon to 
produce a sensitive color, and they were 
successful. Diphenyl-p-phenylenedi- 
amine is readily subject to oxidation by 
mild oxidizing agents such as Spergon 
(benzoquinones) to produce an intense 
blue color owing to the formation of a 
IVurster salt ( 9 ) .  

H 

Diphenyl-p-phenylenediamine 

(Blue 1 Color)  

Wurster Salt 

CI c1 
+ H O - ~ - O H  

e1 e1 
'Tetrachlorohydroquinone 

'l'he i\.urster salt is a resonating free 
radical with several possible resonant 
forms. The two major contributing 
forms are shown above. 

When untreated broccoli or cauliflo\ver 
was treated with fractions of 1 p.p.m. 
of Spergon, good recoveries ivere ob- 
tained by use of the diphenyl-p-phenyl- 
enediamine color test (Table I ) .  'l'he 
oxidative property of the quinone groups 
of Spergon was not hindered by the re- 
action of other parts of the molecule 
with plant constituents. The bound 
Spergon remains benzene-soluble and 
dissolvable from the plant surfaccs. 

Experimental 

Apparatus. Spectrophotometer, Beck- 
man Model D E  equipped with I-cm. 
matched Corex or silica cells. 

Reagents. Diphenyl-p-phenylene- 
diamine. Purify by vacuum distillation 
of crude material. Collect the white 
cr)stal!ine plates and store in a covered 
jar.  

Diphenyl+ phenylenediamine reagent. 
Dissolve 0.5 gram of purified diphrn\l- 
/)-phenylenediamine in 50 ml. of benzene. 
Store in a brown glass bottle. Prepare 
fresh daily. 

Extracting solution. In a suitable 
acid bottle. place 850 ml. of glacial 
acetic acid. 100 mi. of distilled water. 
and 50 ml. of concentrated hydrochloric 
acid. (Deaerate daily before using by 
bubbling dry nitrogen gas through the 
solution for 0.5 hour.) 

Place a 1000- 
%ram sample of the crop and a volume 

Processing of Sample. 
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