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tubular reabsorption of urate was well known 
to occur in man (8) whereas evidence for tub- 
ular secretion of urate, except perhaps for one 
abnormal instance ( 9 ) ,  was lacking. Such 
evidence has since been secured, under ap- 
propriate experimental conditions, in normal 
man(lO), as well as in the rabbit(l1) and 
dog(4,5,12), suggesting that the mammalian 
kidney does indeed possess the capacity for 
tubular secretion of urate. There appears 
to be a t  least one precedent for inhibition of 
tubular secretion of urate in man, the re- 
tention of mate caused by salicylate in low 
dosage, presumably by competition with 
urate for active tubular transport ( 13). 

Summary. Pyrazinamide depresses C,,mtc ,~  
GFR in the Dalmatian and non-Dalmatian 
dog. Stop-flow studies revealed unequivocal 
suppression of tubular secretion of urate in 
the Dalmatian and gave no indication of en- 
hancement of tubular reabsorption of urate 
in the non-Dalmatian. 
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A sex difference in the acute toxicity of 
parathion to rats was observed in this lab- 
oratory in 1949 ( 1 ) .  Subsequent studies 
have established that male rats exhibit 
greater resistance than females to a number 
of other phosphorothioates. The mechanism 
underlying this effect has been difficult to 
investigate in intact animals because the 
magn,itude of the sex difference in suscepti- 
bility is generally relatively small. During 
measurements of the influence of structural 
changes on the toxicity of some phosphoro- 
thioates we observed a 10-fold sex difference 
in susceptibility of rats to 0,O-diethyl 
0- (4-methylthio-m-tolyl) phosphorothioate 

*Supported by a grant from U. S. Public Health 
Service. 

(DMP; Bayer 29492). This compound has 
the following chemical structure: 

The magnitude of the sex difference in sus- 
ceptibility of rats to this phmphorothioate 
was sufficient to permit a study of factors 
which might be responsible ,for the greater 
resistance of male rats. The present cum- 
munication describes the mammalian toxicity 
and antichdinesterase activity af DMP and 
provides evidence that the liver, under the 
influence of androgens, is responsible for the 
resistance of males toward the acute toxicity 
of this organic phosphate. 
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TABLE I. Acute Toxicity of DMP to Mammals. 

Species Sex Route animals (mg/kg) 
No. of LD, 

I.P. 50 22 
52 200 

Oral 40 14 
40 95 

I.P. 35 25 
40 35 

Guineapigs 8 32 30 

9 9  9 9  

9 9  

9 9  9 9  

Rats 9 
8 
9 
8 

Mice 0 
8 9 9  9 9  

9 7  

Materials and methods. Male and female 
Sprague-Dawley rats weighing between 1 7 5 
and 250 g were used unless otherwise speci- 
fied. Young male guinea pigs (ca 2 0 0  g) 
and Carworth Farms mice (ca 20 g) were 
used. The organic phosphates, which were 
kindly supplied by the Chemagro Colrp., 
Kansas City, Mo., were dissolved in a mix- 
ture of 20% ethanol and 80% propylene gly- 
col and concentration of taxic agent was so 
adjusted that animals always received 
amounts of solution equivalent to less than 
1% of their body weight. Testosterone pro- 
pionate was dissolved in sesame oil (2  mgJ 
ml) and administered subcutaneously. Cho- 
linesterase assays were performed manome- 
trically by the method of DuBois and Man- 
gun(2). In the toxicity measurements ani- 
mals were observed for 10 days and LD50 
values were calculated from the mortality 
data by the logarithm-probability method. 

Results. Table I shows the acute toxicity 
of DMP to rats, mice and guinea pigs. These 
results indicated that this compound has a 
relatively high and similar toxicity to mam- 
mals with the exception of male rats which 
exhibited a marked resistance. The 10-fold 
difference in susceptibility of male and fe- 
male rats to DMP given intraperitoneally 
greatly exceeds the magnitude of the sex dif- 
ferences noted previously with other phos- 
phorothioates. It was sufficiently great to 
permit further toxicity experiments to clarify 
the factors responsible for this effect. 

The symptoms produced by DNIP were 
typical of those caused by cholinergic phm- 
phorothioates. Following administration of 
the cornpound to rats the chdinesterase ac- 
tivity of peripheral tissues and brain was 
markedly inhibited. Fig. 1 shows the inhibi- 
tory action of a sublethal dose (125 mg/kg) 

of DMP on cholinesterase activity of brain, 
submaxillary glands and serum of male rats 
and rate of reversal of the inhibition. Each 
point on the curves represents an average for 
tissues from 3 animals. Maximum inhibition 
occurred within 6 hours and persisted for 
about 24 hours after which gradual reversal 
occurred. Similar measurements performed 
on female rats given 13.75 mg/kg, which is 
the same fraction of the LD50 used for the 
assays on males, demonstrated that equitoxic 
doses produce the same amount of inhibition 
of chdinsterase and the same rate of re- 
covery in males and females. 

Phosphorothioates do not have anticholin- 
esterase activity but they are converted to 
toxic metabolites in vivo by the liver of mam- 
mals through replacement of the sulfur of 
the thiophosphate linkage by oxygen(3,4,5). 
The resulting oxygen analogues are, there- 
fore, directly responsible for the toxicity and 
anticholinesterase activity. Measurements 
of the toxicity of the oxygen analogue of 
DMP (0,O-diethyl 0- [ 4-methylthio-m-tolyl] 
phosphate) to rats (Table 11) demonstrated 
that there is no sex difference in rats to this 
highly toxic compound, suggesting that the 
sex difference in acute toxicity of the parent 
compound may be due either to a difference 
in rate of conversion of the sulfur to the oxy- 
gen analogue or rate of detoxification of the 
sulfur analogue. 

In a search for informattion on factors in- 
volved in the sex difference in toxicity of 
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HOURS AFTER DMP 
FIG. 1. Rate of decrease and recovery of cholines- 
terase activity of tissues from male rats after in- 
traper. inj, of DMP (125 mg/kg). A. Brain. 

B. Submaxillary. C. Serum. 
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TABLE IT. Acute Toxicity of the Oxygen Ann- 
logue of DMP to Rats. 

Sex Route ;tnii11:11s ( i i ig /kg  
so. of TiI):,, 

- -  I.Y. 3.; : ) . I  

31 5.8 
0 I’a 1 3 .? 9.0 

-I( I 12.0 

9 
8 
0 
8 1 .  

DMP the possibility was considered that the 
liver, under some regulatory influence of an- 
drogens, was responsible. -4 number of toxi- 
city tests were. therefore. conducted on male 
rats subjected to partial hepatectomy, castra- 
tion, and treatment with androgens. The re- 
sults are summarized in Table 111. At 2 
days after removal of the lateral and medial 
lobes of the liver the resistance of male rats 
to DJII’ was absent as indicated by a de- 
crease in LD-,,, from 200 to 16 mg/kg. ]Then 
the liver was allowed to regenerate for 14 
days, the animals reacquired most of their 
resistance. However. when males were cas- 
trated, subjected to partial hepatectomy one 
week later and treated with DJIP at 14 days 
following hepatectomy they failed to regain 
their resistance. This finding suggested that 
development of the system in the liver which 
accounts for the resistance of male rats to 
DMP is under the influence of androgens. 
This possibility received further support by 
repetition of this exuperimen t with addition 
of daily subcutaneous injections of testoster- 
one ( 2  mg/kg/day) from time of hepatec- 
t m y  until DMP was given. The approxi- 
mate LDso of DMP to these animals was 150 
mg/kg. Other evidence for the possible role 
of androgens as a factor involved in the resis- 
tance of males was obtained by measuring 
TABLE 111. Influence of Partial Heycltectoiii?, 
Castration and Testosterone Treurnient. on Acu re 

Toxicity of DMP to Male Rats. 

S o .  of I.P. LD;, 
:I ii i inn 1 s ( 111 g/ kg ‘) Treatment 

-. 
None .3 I 200 

2 days after partial Iieyatcx-toiii,~ 3.5 16 
14 days after partial liepateetoiiiy 32 160 
14 days after partial hepatectoniy 24 25 

and castration 
Idem, and testosterone (2 mg/ 3 1  140 

14 days after castratioii 32 175 
W d a Y  1 

the toxicity of DMY to young male rats. The 
LD;,(, for 23-day-old males was 15 mg/kg and 
at 45 days of age the value was 2 10 mg/kg. 
The resistance was, therefore, acquired within 
the period of puberty in male rats(6). 

Additional experiments were performed on 
adult female rats to ascertain whether their 
high susceptibility could be altered by treat- 
inent with testosterone. For these measure- 
ments normal and ovariectomizd female rats 
were given 2 mg/kg of testosterone propio- 
nate for a period of 30 days. The LD50 of 
DIIP to these animals increased from 2 5  to 
about 100 mg/kg. Ovariectomy itself had 
no effect on the susceptibility. At 24 hours 
after a single dose of testosterone propionate 
( 2  mg,/kg) no effect was noted on the suscep- 
tibility of female rats to this toxic agent in- 
dicating that testosterone does not exert a 
direct activating effect on the system respon- 
sible for the resistance. 

L)isczission. The toxicity of phosphoro- 
thioates is governed by 3 biochemical reac- 
tions. namely (a) rate and extent of meta- 
h l i c  conversion in the liver to their oxygen 
analogues. (b)  potency of the oxygen ma- 
logues as inhibitors of cholinesterase and (c) 
rate and extent of detoxification of parent 
compounds and oxygen analogues. Our find- 
ing that there is no sex difference in the toxi- 
city of the oxygen analogue of DMP to rats 
eliminated anticholinesterase action and de- 
toxification of the oxygen analogue from fur- 
ther consideration in this study. It, there- 
fore, seemed likely that either the rate of 
metabolic conversion of DMP to its oxygen 
analogue or detoxification of the parent com- 
pound was responsible for the sex difference 
in susceptibility . 

Previous studies in this laboratory( 7) 
have shown that the concentration of the en- 
zyme which catalyzes the desulfuration of 
phosphorothioates is higher in livers of males 
than of female rats. On this basis males 
would be expected to be m r e  susceptible 
than females unless the rate of metabolic con- 
version to the toxic oxygen analogue by the 
livers of male rats is inhibited in vivo by 
some factor which is absent from in vitro liver 
systems. The biochemical reactions involved 
in detoxification of this phosphorothioate 
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have not been investigated. It, therefore, re- 
mains to determine the exact biochemical 
mechanism responsible for the sex difference 
in toxicity of DMP and other phosphorothio- 
ates. However, through the use of partially 
hepatectomized male rats the liver was found 
to be the organ directly respunsible for the 
sex difference in susceptibility. Experiments 
with partially hepatectomized, castrated and 
testosterone-treated male rats? as well as 
weanling males, provided information sug- 
gesting that synthesis of some component of 
a system in liver which affects the toxicity of 
phosphorothioates to male rats is stimulated 
by testosterone. These findings may, there- 
fore, serve as a basis for further studies aimed 
at identification of the exact biochemical 
process responsible for the sex difference in 
susceptibility of rats to phosphorothioates. 

Summury. Measurements of the acute 

logue of DMP was 5.8 mg/kg to male rats and 
there was no sex difference in susceptibility. 
The 10-fold resistance of male rats to the 
toxicity of DMP was absent at 2 days after 
partial hepatectomy. At 14 days after par- 
tial hepatectomy males regained their resis- 
tance unless they were castrated before he- 
patectomy. Injection af testosterone caused 
redevelopment of resistance in hepatecto- 
mized, castrated rats. The results of these 
experiments indicate that some system in the 
liver is responsible for the resistance of male 
rats to DMP and that androgens govern the 
development of this system. 
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Though the origin of the substituted benzo- 
quinone ring of the coenzyme Q molecule 
still remains uncertain, the mechanism of bio- 
synthesis of the isoprenoid side chain appears 
to be well established. Incorporation of in- 
traperitoneally administered labeled meva- 
lonic acid into rat liver coenzyme Q has been 
reported by Glmr and Wiss( 1,2) ; Dialameh 
and Olson(3) have since observed that ace- 
tate-C1* also serves as a precursor of the iso- 
prenoid side chain, in vizlo, in the rat. Bio- 

~ ~~ 

* Preliminary report has been published( 18). 

synthesis of the side chain of coenzyme Q 
from these 2 labeled precursors, both in vivo 
(4-6) and in vitro(6,7) have been confirmed 
by others. The well known involvement of 
coenzyme A in biosynthesis of isoprene units 
and of mevalonic acid from 2 carbon frag- 
ments, suggested a study of the relation of 
coenzyme Q metabolism to pantothenic acid 
status of the animal. Observations on endo- 
genous tissue levels of coenzyme Q as well as 
on its biosynthesis in vivo and in vitro from 
labeled precursors in pantothenic acid de- 




