
Table VI. Effect of DDT on Dieldrin 
Storage in Swine 

Tissue 

Daily Treatmentb P.P.M. 

Males 25.5 
Females 13.0 

5.45 mg. of dieldrin + 
22.55 Ing. of DDT 
Males 5 . 4  
Females 7 . 8  

5 .45 nig. of dieldrin + 
45.10 nig. of DDT 
Males 6 . 7  
Females 8 . 3  

Dieldrin, I' 

5.45 ing. of dieldrin 

ANALYSIS OF VARIANCE 
Degrees 
of  Free- 

Source dom Mean Sq. 

Treat inent 5 116.33 iP < 0.01  1 
DDT 2 192 89 (P < 0 01) 
Sex 1 28 63 
DDT X sex 2 83 61 (P < 0 01) 

Error 9 8 85 
Values are the mean dieldrin levels in 

adipose tissue after 15 days of treatment. 
There were three males and two females in 
each group. 

The insecticides were administered 
daily by injection of corn oil solutions. 

daily \?ith 0.15 mg. per kg. of body 
ueight of dieldrin and either 0.60 or 2.40 
mg. per kg. of body weight of injected 
DDT. Neither eggs, collected during 
the 15-day experiment. nor abdominal 
adipose tissue showed lowered dieldrin 
values resulting from DDI'. A similar 
experiment was conducted for 21 days 
u i th  young hens just beginning to lay. 

Dieldrin dosages were fixed a t  0.075 and 
0.37 5 mg . per kg . daily and D D T  dosages 
were increased to 2.0 and 10.0 mg. per kg. 
Again, no influence of DDT on dieldrin 
storage was observed. 

Animal variation in sensitivity to such 
an interaction effect may be important in 
determining the ecological consequences 
of some agricultural chemical usage. I n  
particular. it leaves the question of pos- 
sible interaction in humans quite prob- 
lematical. 

The findings in this report point out an 
important netv aspect of the toxicology 
of a major class of environmental con- 
taminants. the chlorinated hydrocarbon 
insecticides. Much more study is needed 
to determine the ultimate significance of 
the findings \vith those insecticides, and 
the principles learned may well apply to 
the toxicology of many other chemical 
pollutants being placed in our environ- 
ment. An intriguing possibility is that 
eflective agents might be developed 
Ivhich would safely reduce insecticide 
storage in animals and man. Such 
agents also might be used for the treat- 
ment of individuals \vho may become 
overexposed to insecticides and other 
foreign chemicals. 
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I N T E R A C T I O N S  

Toxicologic Interactions of Chlorinated 
Hydrocarbon and Organophosphate 
Insecticides 

HE first study of the infuence of the T chlorinated hydrocarbon insecticides 
on the toxicity of a subsequently adminis- 
tered organophosphate insecticide \vas 
that of Ball t t  al .  in 1954 ( 3 ) .  They 
reported that rats given a single oral dose 
of aldrin. chlordan, or lindane were pro- 
tected 4 days later against the oral toxic- 
ity of parathion, an effect which they 
attributed to the increase in serum ali- 
esterase activity induced by the insecti- 
cides. Main (78) noted in 1956 that 
similar aldrin pretreatment reduced the 
mortality of rats challenged with para- 
thion. paraoxon. and TEPP H e  attrib- 

Literature Cited 
(1) Ball, W. L., A.M.A.  Arch. Indust. 

Health 14, 178 (1956). 
(2) Burns, J. J., Conney, A. H., Koster. 

R., Ann. A'. Y.  Acad. Sci. 104, 881 
(1963). 

(3) Conney, A. H.. Proc. 2nd .  Intern. 
Pharmacol. Meeting 4, 277 (1965). 

(4) Hart ,  L. G., Ph.D. thesis, State 
University of Iowa, Ames. Iowa, 
University Microfilms, Ann Arbor, 
Mich., 64-10995 (1964). 

(5) Hart, L. G., Fouts, J. R.: Proc. Sac. 
Exptl. Biol. M e d .  114, 388 (1963). 

(6) Hewlett, P. S., Aduances in Pest 
Control Research 3, 21 (1960). 

(7) Koransky, W., Portig, J., Voiland, 
H. W.: Klempau, I . ?  .Vaunyn-Schmiede- 
bergs Arch. Exptl. Path .  Pharmakol.  247, 
49 (1964). 

(8) Roe. J. H.? Kuether, C. .4.> J .  Bioi. 
Chem. 147, 399 (1943). 

(9) Street, J. C., Science 146, 1580 
(1 964). 

(10) Street, J. C., Blau: A. D.. Zoxicol.  
.4pbl. Pharmacol. 8, 497 (1966). 

(11) Street, J. C., Chadwick, R. W.! 
Utah State University, Logan, Utah. 
unpublished results. 1966. 

(12) Street, J. C.? Wang, M., Blau. 
A .  D.. Bull. Enz'iron. Contamination 
Toxicol. 1, 8 (1966). 

(13) Sumerford, W. T.? J. AGR. FOOD 
CHEM. 2, 310 (1954). 

(14) Weber, G., Singhal, R. L.? Stamm. 
N. B.. Srivastava, S. K., Fed. Proc. 
24, 745 (1965). 

Receiced for reziew June 73, 7966. -4ccepted 
September 2, 7966. Dicision of Agricultural 
and Food Chemistry, Winter Meeting, ACS ,  
Phoenix, Arizona, January 1966. Work sup- 
ported in part by U. S. Department of Agricul- 
ture regional research funds (Project W-45) 
and L'. S. Public Health Sercice grants #EF- 
00513 and # G M -  1 7 79. 

ANTHONY J. TRIOLO and 
J. M. COON 
Depart men t of Pharmacology, 
Jefferson Medical College, 
Philadelphia, Pa. 

uted this protective effect of aldrin to an 
increase in liver A-esterase activity. In  
1958 Neubert and Schaefer (20) reported 
that pretreatment with cr-hexachloro- 
cyclohexane protected mice against the 
toxicity of paraoxon and OMPA, but not 
DFP.  

As kno\vledge developed of the role of 
the liver microsomal enzymes in the me- 
tabolism of drugs and other chemicals. 
several groups of investigators reported 
findings indicating that the chlorinated 
hydrocarbon insecticides stimulate micro- 
somal enzyme activity. The present au- 
thors found that a single dose of aldrin in 

mice markedly decreased the sleeping 
time due to hexobarbital. a drug which is 
metabolized mainly by the microsomal 
fraction of the liver (27). Hart et  a l .  (76) 
and Hart  and Fouts (75) pretreated rats 
with chlordan or D D T  and noted an in- 
creased rate of hexobarbital metabolism 
by the liver microsomes. Isomers of 
hexachlorocyclohexane, DDT. and di- 
eldrin have been reported to accelerate 
several detoxication processes of rat liver 
microsomes-including hydrolysis of 
paraoxon, oxidation of hexobarbital. 0- 
dealkylation of phenacetin. and ,V-de- 
alkylation of nikethamide-and to lo\\ er 
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One hour after a single oral dose of aldrin, dieldrin, or chlordan the toxicity of parathion 
in mice was increased; after 4 days i t  was decreased. Aldrin had a similar diphasic 
effect on hexobarbital sleeping time. Aldrin also protected mice 4 days later against 
paraoxon, EPN, Guthion, TEPP, TOTP, DFP, and physostigmine, but not against OMPA 
and neostigmine. Protection against parathion appeared after 16 hours, reached a 
peak after 4 days, and lasted at least 12 days. One milligram of aldrin per kg. 
provided significant protection. Aldrin increased liver A-esterase and plasma B-esterase, 
decreased plasma A-esterase, and reduced the inhibition of brain but not plasma cholin- 
esterase (ChE) by paraoxon. The esterase increases, and the protective effect against 
toxicity and brain ChE inhibition by paraoxon, were all abolished by ethionine. Al- 
though the esterase increases probably account for at least part of aldrin’s protective 
action, the difference in its influence on the inhibitory action of paraoxon on plasma and 
brain ChE cannot yet be explained. 

the toxicity of the convulsant drugs 
pentylenetetrazol and scilliroside (14). 
\Velch and Coon (28) demonstrated that 
pretreatment of mice for several days 
\vith drugs knolvn to be microsomal stim- 
ulants-such as chlorcyclizine or pheno- 
barbital (6)-markedly protected against 
the toxic action of the organophosphates 
parathion, malathion, and EPN. 

The authors’ results show that certain 
chlorinated hydrocarbon insecticides al- 
ter the toxicity of parathion in a manner 
parallel to the changes they produce in 
hexobarbital sleeping time. Further- 
more: aldrin pretreatment of mice re- 
sulted in changes of various tissue ester- 
ases similar to those observed by others in 
rats. In this study aldrin, parathion, 
and paraoxon were used, as representa- 
tives of these txvo classes of insecticides, 
to learn more about the characteristics of 
their toxicologic interactions. 

Materials and Methods 
Xlature male Swiss-Llrebster mice 

\\-eighing 18 to 25 grams were used. 
All insecticides and drugs were admin- 
istered to animals in solutions. the 
volume of which was 1% of their body 
\\-eight. Mortalities were recorded for 
24 hours after the administration of the 
anticholinesterase agents. Only an oc- 
casional death occurred later. Mor- 
tality results were analyzed statistically 
by the exact chi square test (79). Prob- 
ability values of 5% or less were con- 
sidered significant. The LDbo values 
\sere obtained by the method of Litchfield 
and Wilcoxon (77). 

The time from the intravenous injec- 
tion of hexobarbital (80 mg. per kg.) 
to the regaining of the righting reflex 
\vas the measure of sleeping time. 
The mice liere asleep immediately after 
injection: and \yere considered asleep 
until they could right themselves three 
times in 1 minute when placed on their 
backs. Significance of the difference 
betI\-een the mean sleeping times of the 
control group and the groups receiving 
aldrin alone, aldrin plus ethionine, and 
ethionine alone was determined by the 
t test. 

Chemicals. The compounds admin- 
istered orally, dissolved in corn oil? are 
parathion: EPN! Guthion, T O T P  (tri- 

o-tolyl phosphate), aldrin. dieldrin, and 
chlordan (reference grade, a mixture 
consisting of a- and P-chlordan. hepta- 
chlor, hexachlor, and trichlor). The 
substances administered orally, dissolved 
in distilled water, are paraoxon, TEPP 
(tetraethyl pyrophosphate), DFP  (di- 
isopropyl fluorophosphate), OMPA 
(octamethylpyrophosphoramide) , physo- 
stigmine sulfate, and neostigmine methyl 
sulfate. The chemicals administered 
parenterally, dissolved in 0.9% saline 
solution, are ethionine (d,l-ethionine) 
and hexobarbital sodium. 

Hexobarbital Plasma Levels. The 
plasma levels of hexobarbital were 
measured by the method of Brodie et al.  
(5). Animals were sacrificed 20 minutes 
after administration of the drug. The 
pooled blood from six mice was used for 
each determination, so as to obtain 2 
ml. of plasma containing the hexo- 
barbital, which was extracted with n- 
heptane and then transferred to a phos- 
phate buffer at pH 11. The amount of 
hexobarbital was determined by mea- 
suring the ultraviolet absorption of the 
drug at 247 mp in the Perkin-Elmer 202 
spectrophotometer. 

P l a s m a  P s e u d o c h o l i n e s t e r a s e .  
Plasma cholinesterase activity was meas- 
ured colorimetrically by the method of 
Ellman et al. ( 7 7 )  modified as follows: 
Plasma was diluted 1 to 41 with 0.1M 
phosphate buffer at pH 8 and 0.5 ml. of 
this dilution \vas added to 1 ml. of the 
buffer. This mixture was brought to 25’ 
C. in an Eberbach water bath shaker. 
A stock solution of the substrate butyryl- 
thiocholine iodide (95.1 mg. per ml.) in 
HCl at pH 4 \vas kept refrigerated. Prior 
to use it was diluted 1 to 4 u i th  pH 8 phos- 
phate buffer. When 0.5 ml. of this 
solution was added to the test tubes 
containing the enzyme: the final con- 
centration of the butyrylthiocholine 
iodide was 1.5 X 10-2i21 in a total of 
2 ml. of reaction mixture. After incuba- 
tion for 20 minutes. the reaction was 
stopped by the addition of 0.5 ml. of 
T E P P  solution (3.6 mg. per ml.): bring- 
ing the final concentration of TEPP to 
2.5 X 10-3M. Then 0.1 ml. of the 
dye dithiobisnitrobenzoic acid (4 mg. 
per ml.) was added to produce a yelloit 
color which was read at 412 mp in a 
Bausch 8i Lomb Spectronic 20 colorim- 
eter. 

Brain Acetylcholinesterase. The as- 
say \vas performed by; the same general 
procedure as that used for plasma 
pseudocholinesterase. A volume of 0.05 
ml. of a lOy0 homogenate of mouse 
brain in cold phosphate buffer at pH 8 
\vas added to 1.5 ml. of the buffer. 
Then 0.5 ml. of acetdthiocholine iodide 
solution v a s  added, so that the final 
concentration of substrate \\-as 5 X 10-4 
ibf in the reaction mixture. .After incu- 
bation for 15 minutes. the reaction was 
stopped by the addition of TEPP.  

Plasma B-Esterase. Total plasma 
esterase activity was determined by the 
colorimetric method of Seligman and 
coworkers (22). T o  adapt this method 
to the present purposes plasma\vas diluted 
1 to 151 with distilled \yarer containing 
l0-5M physostigmine SO4 to inhibit 
plasma cholinesterase. and incubated 
a t  room temperature for 30 minutes. 
One milliliter of the plasma dilution was 
added to 5 ml. of the buffered substrate 
solution of 2-naphthyl acetate, which 
also contained 1 0-:.tf physostigmine 
SO1. After a 30-minute incubation 
period at room temperature. 1 ml. of a 
freshly prepared cool solution of tetraz- 
otized di-0-anisidine (4 mg. per ml.) 
\vas added. The liberated ?-naphthol 
forms a purple azo dye Xvhich may be 
extracted into ethyl acetate and mea- 
sured in the colorimeter at 540 mp. 
To distinguish B-esterase activity from 
that of other esterases, the diluted 
plasma was incubated \vith various con- 
centrations of paraoxon at room tem- 
perature for 30 minutes before addition 
to the substrate solution. Concentra- 
tions of paraoxon as lo\v as 10-6M 
almost completely inhibited the esterase 
activity, indicating that the enzyme 
was the B-tvoe esterase as classified bv 
Aldridge (7j.A 

Liver and Plasma A-Esterase. The 
liver and plasma A-esterase was de- 
termined colorimetrically according to 
the method of Aldridge (2) .  The 
method was slightly modified by centri- 
fuging at 600 X G a 10% liver homog- 
enate at 0’ C. for 10 minutes in phos- 
phate buffer at pH 7.6 to obtain the 
supernatant as a source of enzyme. 
The p-nitrophenol liberated by 0.5 ml. 
of liver supernatant or 0.5 ml. of plasma 
from 10 ml. of the substrate solution 
containing 20 mg. of paraoxon \vas 
measured at 420 mp in the colorimeter. 
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Results and Discussion 

The  LDSO of a single oral dose of aldrin 
in the strain of mice and under the condi- 
tions used in this study W H S  33 mg. per 
kg., with 95% confidence limits of 27.7 
to 39.2. Mice were given 16 mg. per kg. 
of aldrin 4 days before they received toxic 
doses of various anticholinesterase agents. 
The  data in Table I show that the aldrin 
pretreatment reduced the toxicity of all 
the agents tested except neostigmine and 
OMPA. Neostigmine and OMPA, in 
single toxic doses, have little inhibitory 
effect on brain cholinesterase (9. 70) 
because of their poor ability to penetrate 
the brain. All other anticholinesterase 
agents against which aldrin treatment 
provided protection are good inhibitors 
of brain cholinesterase. The  fact that 
protection was found for only those anti- 
cholinesterase agents capable of inhibit- 
ing brain enzyme indicates that factors 
involving the central nervous system ma>- 
play a partial role in the protective effect 
of aldrin. Also, several of the agents 
against which aldrin offered protection 
are weak inhibitors of cholinesterase in 
vitro and must be activated in vivo 
through the action of microsomal en- 
zymes: parathion. EPN, Guthion! and 
TOTP. Aldrin was also protective, how- 
ever. against paraoxon, TEPP, DFP, and 
physostigmine. agents not requiring in 
vivo activation to potent inhibitors of 
cholinesterase. This indicates that the 
protective effect of aldrin is not neces- 
sarily due to the in vivo inhibition of the 
conversion of organophosphates to their 
active metabolites. 

To determine the time of onset of the 
observed protective action. groups of 
mice ivere given parathion at various 
intervals ranging from 1 hour to 4 days 
after single doses of the chlorinated hy- 
drocarbon insecticides aldrin, dieldrin. 
and chlordan. The results presented in 
Table I1 shoiv that 1 hour after aldrin or 
dieldrin. the parathion (22 mg. per kg.) 
produced mortalities significantly greater 
than those of the control groups. lvhile a t  
16 hours and at 4 days the imortality \\-as 
reduced to zero. Thus aldrin and di- 
eldrin had a diphasic effect on parathion 
toxicity as the interval betlveen the 
administration of the agents increased. 
\Vith chlordan similar results \\.ere ob- 
tained, although a significant increase in 
mortality could not be elicited during the 
early phase after treatment. as \vas seen 
\vith aldrin and dieldrin, because of the 
large challenging dose of the parathion 
(35 mg. per kg. 1. rvhich killed 8 8 7 ,  of the 
control group. Although the mechanism 
for the increased mortality of parathion 
observed 1 hour after the administration 
of aldrin or dieldrin was not studied: it 
seems reasonable to attribute it to the 
additive gross toxic effects o f  the chlori- 
nated hydrocarbons and parathion. 

In  order to find the time of develop- 
ment of thc maximum degree of protec- 

Table 1. Oral Toxicity of Anticholinesterases 4 Days after a Single Oral 
Dose of 16 Mg. per Kg. of Aldrin in Mice 

No. of 
Prefreafmenf Anficholinesferase, M g . / K g .  Mice Morfolify, % P 

Controla Parathion, 22 20 35 .0  <o.  01 
Aldrin Parathion, 22 19 0 . 0  
Control Paraoxon, 40 18 100.0 < o .  001 
-4ldrin Paraoxon, 40 18 4 4 . 4  
Control TEPP, 10 
.4ldrin TEPP, 10 
Control DFP, 50 
Aldrin DFP, 50 
Control EPN, 75 
.4ldrin EPN, 75 

20 95 . O  <0 ,001 
20 0 . 0  
15 66 .6  <0 ,02  
10 10.0 
14 50 .0  <0 .02  
13 0 . 0  

Control Guthion, 15 13 84 .6  < O  ,005 
Aldrin Guthion, 15 13 1 5 . 4  
Control TOTP, 2000 20 6 0 . 0  <O ,025 
Aldrin TOTP, 2000 20 2 0 . 0  
Control Physostigmine, 6 . 5  18 100 .0  <0 ,001 
.Aldrin Physostigmine. 6 . 5  18 3 3 . 3  
Control Neostigmine, 10 20 50 .0  N.S. 

Control OMPA, 25 20 60 .0  N.S. 
Aldrin Neostigmine, 10 20 40 .0  

.Aldrin OMPA: 25 20 7 0 . 0  
All controls received corn oil. 

Table 11. Oral Toxicity of Parathion after Pretreatment with Single Oral 
Doses of Aldrin (16 Mg./Kg.), Dieldrin (16 Mg./Kg.), and Chlordan (150 

Mg./Kg.) in Mice 
Time before 
Parathion, Anficholinerferose, 

Pretreatmenf Hours M g . / K g .  No. of Mice Morfolify,  % P 

Control . . .  Parathion, 22 20 25 .0  . . .  

Aldrin 1 20 8 5 . 0  <o 001 
6 19 52 .6  N.S. 

16 20 0 . 0  <O .05 
4 days 22 0 . 0  < O .  05 

Control . . .  Parathion, 22 20 30 .0  
Dieldrin 1 20 7 0 . 0  <0:05 

6 20 75 .0  <o ,025 
16 20 0 . 0  <o ,025 

4 days 20 0 . 0  (0.025 
Control . . .  Parathion, 35 17 8 8 . 2  . . .  
Chlordan 1 20 100 .0  N.S. 

6 20 9 5 . 0  N.S. 
16 19 1 5 . 8  <o . O l  

4 days 16 0 . 0  <o ,001 

Table 111. Oral Toxicity of Parathion after Pretreatment with Single Oral 
Doses of Aldrin 
(16 mg.jkg. in mice) 

Interval, Anficholinesferose, 
Prefreofment Days M g . / K g .  No. of Mice Morfolify,  % P 

Control . . .  Parathion, 100 20 100 .0  . . .  
Aldrin 1 Parathion, 100 20 9 5 . 0  N.S. 

2 Parathion, 100 20 9 0 . 0  N.S. 
4 Parathion, 100 20 65 .0  <o.  01 
8 Parathion, 100 20 9 0 . 0  N.S. 

Control 12 Parathion, 35 20 90 .0  <0 ,005 

Control 24 Parathion, 35 15 93 .3  1u.S. 

Control 30 Parathion, 35 18 8 8 . 9  K.S. 

Aldrin 12 Parathion, 35 17 2 9 . 4  

Aldrin 24 Parathion, 35 I 5  6 6 . 7  

Aldrin 30 Parathion, 35 17 64.7 

tion, larger doses of parathion \vere used. 
The data in Table I11 indicate that in a 
series of intervals of 1. 2. 4, and 8 days. 
significant protection appeared only at 4 

days against a large dose of 100 mg. per 
kg. of parathion. With a dose of 35 mg. 
per kg. the resulting mortalities indicated 
significant protection at 12 days, but not 
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as long as 24 days, although the groups of 
aldrin-treated mice given parathion 
showed a mortality suggestive of some 
persisting degree of protection at 24 and 
30 days after treatment. 

O n  the basis of the results thus far 
described, which indicate that protection 
against parathion appeared to be a t  its 
maximum approximately 4 days after 
aldrin, this time interval was selected to 
measure more quantitatively the magni- 
tude of the protection by determining the 
LDso’s of several anticholinesterase agents 
in control and aldrin-treated mice. The 
results presented in Table IV show that 
aldrin treatment had the greatest protec- 
tive effect against the toxicity of para- 
thion, with a 5.7 ratio of LDjo change, 
follo\ved by paraoxon and physostigmine 
Lvith ratios of 4.8 and 2.4: respectively. 
In the case of neostigmine and OMP.4, 
however, there \vas no significant change 
in the LDbo‘s, confirming the absence of 
protection for these agents as shoivn in 
Table I. At variance with these results 
(Tables I and IV) is the fact that Ball 
et  al. (3)  did not observe a protective 
effect in rats with aldrin against physo- 
stigmine. Also. h’eubert and Schaefer 
(20) did not obtain a protection of mice 
against DFP! whereas they did find a 
protection against OMP.4 ivith a-hexa- 
chlorocyclohexane. Thus, different spe- 
cies or different chlorinated hydrocarbons 
may give different results in regard to 
their toxicologic interactions with a given 
anticholinesterase agent. 

Since 16 mg. per kg. of aldrin exerted 
some toxic action in mice, and killed an 
occasional animal, the effect of larger 
doses was not tested. Smaller doses. 
however, were used to find the minimal 
dose that would provide significant pro- 
tection against parathion. The results in 
Table V sholv that a progressive decrease 
in the dose of aldrin resulted in an in- 
creasing mortality when parathion was 
administered 4 days later. One milli- 
gram per kg. of aldrin was the smallest 
dose tested that provided a significant 
protection against 35 mg. per kg. of 
parathion. 

The foregoing results shoxved an in- 
crease in the toxicity of parathion 1 hour 
after aldrin treatment, but at 16 hours 
and for as long as 12 days mice were 
significantly protected against this or- 
ganophosphate. With dieldrin or chlor- 
dan pretreatment a similar diphasic effect 
on the toxicity of parathion was ob- 
served. In  regard to the delayed phase 
in which protection develops against the 
toxicity of parathion and several other 
anticholinesterase agents, there is evi- 
dence that adaptive enzymes are in- 
volved. Numerous chlorinated hydro- 
carbon insecticides have been reported to 
increase the rate of metabolism of several 
drugs by increasing liver microsomal en- 
zyme activity (73-76,26). If the protec- 
tive action of the chlorinated hydrocar- 
bon insecticides is based on an increased 

Table IV. Oral LDLO’S of Anticholinesterases in Mice after Treatment 4 Days 
Previously by 16 Mg. per Kg. of Aldrin 

Rotio of  
Pretreatment Anticholinesterore IDso, Mg. /Kg.  9570 Confidence l im i t s  LDao Change 

Control Parathion 17.5 14.8-20,7 
Aldrin Parathion 100.0 75.8-132.0 5 .7  
Control Paraoxon 15.5 12,6-19.1 
Aldrin Paraoxon 74.0 52.9-103.6 4 . 8  

.4ldrin Physostigmine 1 1 . 5  8.5-15.5 2 . 4  
Control Neostigmine 14.0 

Control physostigmine 4.8 3.5-6.6 

11 .O-17.8 
Aldrin Neostigmine 13.5 11 . l-16.5 0.96a 

Aldrin OMPA 21 . o  17.9-24.6 0,96a 
Control OMPA 21.8 19.0-25.0 

a Not significant. 

Table V. Oral Toxicity of 35 Mg. per Kg. of Parathion 4 Days after Single 
Oral Doses of Aldrin in Mice 

Pre- 
treat- Aldrin, Dose, 
menf M d K g .  No. of Mice Mortolify, 70 P 

Aldrin 16.0 20 0 . 0  <0.’001 
Control . . .  20 95.0 

4 . 0  20 40.0 <0.  001 
1 . o  20 65 .0  <0 .05  

Control 
Aldrin 

. . .  
0 . 5  

20 
19 

100.0 
8 9 . 5  N.S. 

synthesis of enzymes, such as the ester- 
ases suggested by others (3, 78). this effect 
ivould hasten the metabolism of certain 
organophosphate inseci.icides, thus reduc- 
ing their toxicity. 

The observed diphasic effect on the 
toxicity of parathion after treatment with 
the chlorinated hydrocarbon insecticides 
is a property common to many liver 
microsomal enzyme stimulants. For ex- 
ample, Serrone and Fujimoto (23) have 
shokvn that administration of proadifen 
(SKF-525.4), iproniazid. or nikethamide 
less than 12 hours before hexobarbital 
prolonged sleeping time, but if pretreat- 
ment Lvere as long as 24 to 48 hours be- 
fore, hexobarbital sleeping time was 
shortened. The latent period for the 
shortening of sleeping time represents the 
time required for the synthesis of the 
microsomal enzymes. The change in 
sleeping time and metabolism of hexo- 
barbital is a test used by many (6. 73: 76. 
23) to determine whether a drug in- 
creases liver microsomal enzyme activity. 
since hexobarbital is metabolized mainly 
by the microsomal fraction of the liver 
(8). The ability of a drug to increase 
the activity of drug-metabolizing en- 
zymes in liver microsomes may also be 
determined by the use of ethionine (7). 
ivhich is knoivn to inhibit protein synthe- 
sis (25). Evidence for induction of en- 
zyme synthesis is obtained ivhen ethio- 
nine is administered simultaneously with 
the inducing agent, and the stimulatory 
effect on the synthesis of drug metaboliz- 
ing enzymes is abolished. The reversal 
of the protective effect of the chlorinated 
hydrocarbon insecticides on the toxicity 
of the organophosphates by ethionine 
would indicate that protection was due to 
enzyme induction. 

O n  the basis of these considerations it 
\vas of interest to determine whether 
ethionine abolished the protective effect 
of aldrin on organophosphate toxicity, 
and also to study the effect of aldrin pre- 
treatment on the sleeping time and me- 
tabolism of hexobarbital. As sholvn in 
Table VI: the protective effect of aldrin 
against parathion and paraoxon was 
abolished by the administration of txvo 
daily doses of 200 mg per kg. of ethio- 
nine. The animals pretreated only by 
aldrin \<ere well protected against the 
toxicities of parathion and paraoxon, 
ivhereas mice pretreated by both aldrin 
and ethionine were no longer significantly 
protected. The interpretation of this 
effect of ethionine, however, is not clear, 
because the dose of ethionine that was 
necessary to abolish the protective effect 
of aldrin itself increased the toxicity of 
parathion and paraoxon. Smaller doses 
of ethionine that did not increase the 
toxicity of either parathion or paraoxon 
did not abolish the protective effect of 
aldrin against these organophosphates. 

The results in Table VI1 shoxv that 
hexobarbital sleeping time in mice was 
prolonged a t  1 hour after aldrin treat- 
ment: but decreased at 16 hours and a t  4 
days. This diphasic effect of aldrin on 
hexobarbital sleeping time is similar to 
that seen in the mortality data previously 
obtained (Table 11) after the administra- 
tion of parathion in mice pretreated by 
aldrin: dieldrin, and chlordan. I t  was 
observed further that the decreased sleep- 
ing time \vhich occurred 2 days after 
aldrin treatment was abolished by the 
administration of ethionine (Table L’III). 
As in the case of the toxicity of parathion 
and paraoxon, the decreased sleeping 
time seen after aldrin could be abolished 
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Table VI. Effect of Ethiionine on Protective Action of Aldrin on Toxicity of 
Parathion and Paraoxon 

Pre- Anticholinesterase, 
treatment M S . / K S .  No. of Mice Mortality, % P 

Control Parathion, 25 20 5 0 . 0  . . .  
Aldrin'& Parathion, 25 20 0 . 0  <o .  001 
Ethionineb Parathion, 25 19 9 7 . 4  < o .  005 

ethionine? Parathion, 25 18 2 2 . 2  N.S. 
Aldrin + 
Control Paraoxon, 10 20 45 .0  
Aldrin" Paraoxon, 10 19 0 . 0  <O .'do5 
Ethionine" Paraoxon, 10 20 9 5 . 0  <O ,005 
Aldrin + 

ethionine" Paraoxon. 10 19 73 .7  N.S. 

' 1  Single dose of 16 ing./kg. of aldrin given orally 2 days before anticholinesterase agent. 
* Two daily doses of 200 nig./kg. of ethionine i.p.; anticholinesterase given 24 hours 

c Aldrin given 15 min .  after first of two daily doses of ethionine. 
after second dose. 

Table VII. Alteration of Hexobarbital (80 Mg./Kg.) Sleeping Time at 
Various Intervals after Single Oral Dose of 16 Mg./Kg. of Aldrin in Mice 

Time tiefore No. of Sleeping Time, 
Pretreatment Hexobarbital, Hours Mice Min. (Mean  i S.D. )  P 

Control 1 
.Aldrin 1 
Control 6 
.Aldrin 6 
Control 16 
Aldrin 16 

14 40 .6  i 1 1 . 3  <o .02  
12 53 .5  f 1 4 . 8  
18 34 .9  i 11 0 K.S. 
18 30 .1  f 1 0 . 8  
18 40 .9  f 1 3 . 4  <O ,005 
18 2 6 . 6  k 1 0 . 6  

Control 
Aldrin 

4 days 12 38 .9  i 1 5 . 3  <0 ,001 
4 days 15 1 1 . 4  i 5 . 6  

Table VIII. Influence of Ethionine on Effects of Aldrin on Hexobarbital 
Sleeping Timle and Hexobarbital Plasma level in Mice 

Pre- Sleeping Time,a Plasma levels,* 
treatment Min.  (Mean  f S.D.) P pG./Mf. (Mean  f S . D . )  P 

Control 20 .8  * 10 .7  . . .  36.7 f 8 . 0  . . .  
Aldrinc 8 . 1  f 4 . 6  <o ,001 19 .6  i 3 . 7  < O .  001 
Ethionined 4 2 . 7  f 1 5 . 6  <o.  001 5 0 . 3  f 5 1 < O .  005 
.Aldrin + 

ethioninee 2 9 . 0  i 2 0 . 5  N.S. 42 .4  f 3 . 7  N.S. 

1' Each value is mean obtained from 18 mice, each receiving 80 ing./kg. of hexobarbital 

h Each value is inean of eight determinations in each of which pooled blood of 6 mice was 
1.V.  

used. Animals sacrificed 20 min. after administration of 80 mg./kg. of hexobarbital i.v. 
Single dose of 16 mg./kg of aldrin given orally 2 days before hexobarbital. 
Two daily doses of 200 mg./kg. of ethionine i.p. Hexobarbital given 24 hours after 

second dose. 
e Aldrin given 15 min. after first of two daily doses of ethionine. 

only mith doses of ethionine that ivhen 
given alone significantly prolonged hexo- 
barbital sleeping time. The  plasma 
levels of hexobarbital administered to 
aldrin- and ethionine-treate,d mice, shown 
also in Table VI I I .  paralleled the changes 
in sleeping time The  fact that  plasma 
levels of hexobarbital \\ere lower in 
aldrin-treated animals than in controls 
indicates that aldrin decreaqed the sleep- 
ing time bv increasing the in vivo metab- 
olism of hexobarbital, and not by the 
\\ell-known tendency of many chlori- 
nated hydrocarbon insecticides to stim- 
ulate the central nervous system. This is 
in accord with the work of Ghazal and 
associates ( 7 1 ) .  11 ho found that dieldrin. 
formed in vivo from aldrin ( d ) ,  increased 
the metabolism of hexobarbital by liver 
microsomes in rats. 

I t  is pertinent to inquire \\hether the 
reported increases in rat serum ali- 
esterase (3) and liver A-esterase (78) as a 
result of aldrin treatment are responsible 
for the protective effect against paraoxon 
toxicity, or whether factors involving the 
central nervous system may also play a 
role in explaining the mechanism of pro- 
tection. as suggested by the finding that 
aldrin pretreatment protected against 
only anticholinesterase agents that are 
relatively good inhibitors of brain cholin- 
esterase. Parathion is first activated by 
the liver microsomal enzymes (21) to its 
potent anticholinesterase form, paraoxon 
(72). which is then a t  least partially de- 
toxified by A-esterase (2j. If aldrin pre- 
treatment increases the enzymes responsi- 
ble for the activation of parathion without 
also increasing the detoxifying enzymes. 

the toxicity of parathion would be ex- 
pected to increase. Since, on the con- 
trary, aldrin pretreatment protected 
against the toxicity of both parathion and 
paraoxon, the mechanism of the protec- 
tive action against the toxicity of para- 
thion may be explained in relation to its 
activated form, paraoxon. 

The  toxicity of paraoxon is limited by 
the cholinesterases and B-esterase, which 
are inhibited by paraoxon, and by A- 
esterase: which hydrolyzes paraoxon (2). 
I t  \vas of interest to determine whether 
mice showed the same rise of plasma ali- 
esterase (B-esterase) and increase in liver 
A-esterase as other investigators, pre- 
viously cited, observed in rats after aldrin 
treatment. T h e  B-esterases are micro- 
somal enzymes. but A-esterase has been 
sho\vn in rats to be a lysosomal enzyme 
(2dj. Since increased levels of these 
esterases would reduce the toxicity of 
paraoxon, we tested the effect of aldrin 
on these enzymes in mice, and ho\v such 
effect might be modified by ethionine. 
The  results in Table IX show that the 
aldrin treatment increased liver .4- 
esterase by about 387& while simultane- 
ously decreasing the plasma enzyme by 
about 5070. findings similar to those of 
Main in rats (78). However? the enzyme 
activity of the livers from animals re- 
ceiving both aldrin and ethionine. and 
ethionine alone. did not differ signifi- 
cantly from controls. T h e  plasma A- 
esterase activity in all experimental 
groups \vas significantly decreased to 
approximately 50% of that in controls. 
In  the case of B-esterase in the plasma of 
mice a moderate increase after aldrin 
treatment is again in accord \vith the 
finding of Ball et  al .  (3) in rats. Table X 
sho\vs that after a single dose of aldrin. 
plasma B-esterase activity was increased 
by approximately 247,. Also. as in the 
case of the increased liver A-esterase 
(Table IX),  the 24Y0 increase seen here 
was offset by the addition of ethionine to 
the pretreatment. 

The  increase in the activities of liver 
A-esterase and plasma B-esterase induced 
by aldrin Lvould be expected to reduce 
the effect of paraoxon on cholinesterase 
activity. To ascertain whether this oc- 
curs, paraoxon was given orally to ani- 
mals pretreated Ivith aldrin and ethi- 
onine. The  effects of aldrin and ethio- 
nine on plasma cholinesterase activity 
were also determined in groups of mice 
not given paraoxon. In  mice treated 
with t\vo daily doses of ethionine alone, 
there was a small but significant increase 
in plasma cholinesterase activity. After 
the administration of 1.0 mg. per kg. of 
paraoxon to animals pretreated by 
ethionine alone, or by aldrin \vith ethi- 
onine, cholinesterase activity \vas re- 
duced to 19.7 and 21.970, respectively, 
of the control levels, as compared to 
35.1% in the untreated group (Table 
X I ) .  However, when paraoxon \vas ad- 
ministered to aldrin-treated mice the 
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Table IX. Effects of Aldrin and Ethionine on liver and Plasma A-Esterase 
in Mice 

p-Nitrophenal liberated from Paraoxon, pMoles/G./SO Min. (Meon zk S.D. )  Pre- ~~. 
treatment Liver, 9.'' P Plasma, ml.* P 

Control 31.5 i 6 .9  . . .  7 . 9  f 0 3 

Ethionined 31.5 f 10 .4  N.S. 3 . 9  f 0 8 <0 ,001 

ethionine 28.9 i 5 , s  N.S. 3 .7  f 0 . 4  < O .  001 
'3 Each value is niean of six drterminations in each of which pooled livers of two  animals 

Each value is nieaii of six deterininations in each of which pooled blood of t\vo animals 

Single dose of 16 mg./kg. of aldrin gi\.en orally 2 days before enzyme assay. 
Two daily doses of 200 tng./kg. of ethionine i.p. Enzyme assay performed 24 hours 

Aldrinc 43.4 f 6 . 9  <0 .02 4 .0  =k 0 . 5  <0 .'do1 

Aldrin + 

were used. 

was used. 

after second dose. 
e Aldrin given 15 niin. aftrr first of t\vo daily doses of ethionine. 

Table X. Effect of Aldrin and 
Ethionine on Plasma 6-Esterase in 

Mice 
2-Naphfhol 

Liberafed, 
Pre- pMales/MI./JO 

freafment M i n .  (Mean f S . D . ) ' l  P 

Control 188 f 37 . . .  
Aldrin" 233 f 22 < 0 . 0 5  
Ethioniric. 158 f 1' N.S. 
Aldrin + 

cthionined 145 i 38 K.S .  
" Each value is mean of six deterininations 

i n  each of bvhich poolrd blcod of two animals 
\vas used. 

/J Yinqlr dose of 16 ing. &g.  of aldrin qiven 
orally 2 days before enzytiir assay. 

C T b v o  daily doses of 200 11ig.~ kg. of 
ethionine i.p. Enzynir assay performed 
24 hours after second dose. 

d .lldrin given 15 min. aftrr first of two 
daily doses of ethionine. 

Table XI. Effects of Aldrin and 
Ethionine on Anticholinesterase Ac- 
tion of Oral Paraoxon. in Plasma 

and Brain of Mice 
% of ControP 

Cholinesferore Activify 
Prefreotment Plasma Brain 

Untreated 35.1 50 .3  
Aldrinc 29 .3  84 0 
Ethionined 19.7 26.7 
Aldrin + 

ethionine* 2 1 . 9  54.7 
a Aniinals sacrificed 40 in in .  after ad- 

ministration of 1 nig.jkg. of paraoxon for 
plasma cholinesterase activity. Animals 
sacrificed 30 min. after administration of 
15 nig./kg. of paraoxon for brain cholin- 
esterase activity. 

Controls represent untreated and 
groups of animals pretreated with aldrin. 
ethionine, and aldrin plus ethionine not 
given paraoxon. 

Single dose of 16 nig./kg. of aldrin 
given orally 2 days before paraoxon. 

Two daily doses of 200 mg./kg. of 
ethionine i.p. Paraoxon given 24 hours 
after second dose.. 

e .4idrin given 15 min. after first of t\vo 
daily doses of ethioninr. 

extent of inhibition of plasma cholin- 
esterase was essentially the same as in the 
untreated mice. The plasma enzyme 
activity of aldrin-treated animals \vas 
rediiced IO 29.3Y0 of the control level. an 

only slightly greater reduction than rhar 
seen in the untreated group (35.1%). 

Since it was not possible to demonstrate 
a substantial difference betlveen the 
plasma cholinesterase activities of control 
and aldrin-treated animals given para- 
oxon? an experiment similar to that 
described above \vas carried out to deter- 
mine the effects of 15 mg. per kg. of 
paraoxon on brain cholinesterase activ- 
ity. Neither aldrin or ethionine treat- 
ment affected the brain cholinesterase 
levels in mice not given paraoxon. 
Table XI shoLvs that the dose of para- 
oxon used reduced brain cholinesterase 
activity to 50.370 of the control level. 
whereas in the aldrin-treated animals the 
activity remained a t  84.0%) of the control 
level. The addition of ethionine to the 
aldrin pretreatment offset the apparent 
protective effect of the latter against rhe 
inhibiting action of paraoxon. In  ani- 
mals receiving ethionine alone, however. 
paraoxon decreased enzyme activity 
significantly more than in the correspond- 
ing untreated group. 

General Discussion 

These studies shoiv that aldrin treat- 
ment first increased and later decreased 
both the toxicity of parathion and the 
sleeping time of hexobarbital in mice. 
The  delayed influence of aldrin on hexo- 
barbital sleeping time was abolished by 
the administration of ethionine. Plasma 
levels of hexobarbital \rere loiver in 
aldrin-treated than in control animals 
and tended to parallel sleeping times. 
Aldrin thus appears to decrease hexo- 
barbital sleeping time by stimulating the 
activity of liver microsomal enzymes to 
accelerate its in vivo metabolism. 

In  regard to the delayed phase of 
aldrin's action on the toxicity of paraoxon 
and several other anticholinesterase 
agents, the findings that ethionine 
abolished the protective effect of aldrin 
against the brain cholinesterase inhibi- 
tory action of paraoxon, the aldrin- 
induced increase of esterase that can limit 
the action of paraoxon, and the protec- 
tive effect of aldrin against the toxicit!. 
of paraoxon, are in accord with the con- 

clusion that aldrin's protective effect is 
mediated a t  least partially through the 
production of adaptive enzymes. Ho~v- 
ever, Ire are not able to explain why 
paraoxon inhibits brain cholinesterase 
less in aldrin-treated than in control mice. 
while a t  the same time it produces essen- 
tially the same inhibition of the enzyme 
in the plasma of the two groups. In  
aldrin-treated animals the observed 50% 
decrease in plasma -4-esterase might be 
expected to offset to some extent the 
effects of the elevated plasma B-esterase 
and liver .A-esterase. but if this occurs the 
question arises why it Lvould not be re- 
flected in the brain as \vel1 as in the 
plasma cholinesterase picture. 

The  protective effect of aldrin against 
the toxicity of paraoxon is undoubtedly 
related to the fact that paraoxon inhibited 
brain cholinesterase less in the aldrin- 
treated animals than in the controls. 
In  accord with this is the observation that 
aldrin failed to protect against neostig- 
mine and OMPA, lvhich are relative1)- 
poor inhibitors of brain Cholinesterase. 
.Among the anticholinesterases that \ve 
tested aldrin provided protection against 
all those that are relatively active inhibi- 
tors of brain cholinesterase in vivo. 
Therefore, it seems reasonable to con- 
clude that factors other than the 4- and 
B-esterases considered here may play a 
role in the apparent protective effect of 
aldrin pretreatment against the inhibi- 
tory action of paraoxon on brain cholin- 
eqterase. 

The protective effect described for 
the chlorinated hydrocarbon insecticides 
would theoretically have a beneficial 
significance for man in reducing the pos- 
sibilities of poisoning by the organophos- 
phate insecticides. The  practical sig- 
nificance to public health of a toxicologic 
interaction of this kind, however, is not 
kno\vn, since the low levels of chlorinated 
hydrocarbons accumulated in the popu- 
lation on a chronic basis may not be 
sufficient to exert a significant stimulating 
effect on organophosphate-metabolizing 
enzymes. This protective effect may be 
more likely to occur among wildlife, 
Lvhere levels of exposure are frequently 
higher. or among insecticide sprayers 
ivorking with both types of these agents. 
HoTvever. adaptive enzymes potentially 
induced by the chlorinated hydrocarbons 
in man's environment may play some role 
in protecting him against the adverse 
effects of other environmental chemicals 
to which he may be exposed. 
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The insecticidal carbamates are synergized by a wide variety of methylenedioxyphenyl 
compounds. 'These act as inhibitors of phenolase enzymes which detoxify the carbamates 
largely by ring hydroxylation. The active inhibitors appear to require a three-point at- 
tachment to the phenolase enzyme to orient the methylene carbon so that interaction 
with a nucleophilic group at  the enzyme active site takes place. Tyrosinase, which is 
abundant in the housefly, has served as a model enzyme for study of the kinetics of this 
interaction. Soluble housefly tyrosinase has been highly purified and accepts insecticidal 
carbamates a!i substrates for hydroxylation. The susceptibility of individual carbamates 
to enzymatic detoxication is greatly influenced by the nature of the aryl ring. The 
methylenedioxynaphthalenes and piperonyl carbamates are exceptionally active car- 
bamate synergists. 

LTHOUGH THE ACTION of methylene- A dioxyphenyl compounds, such as 
piperonyl butoxide, sulfoxide, sesamex, 
and propyl isome. as synergists for the 
pyrethrins has been studied for many 
years. Moorefield's (38) demonstration 
of the remarkable activating properties 
of these synergists \Then used ivith the 
A'-methyl- and ,V,.V-dirnethylcarbamates, 
such as carbaryl and isolan, provided 
the impetus for detailed studies of the 
mode of action of synergists in relation 
to the metabolism of the relatively simple 
structures of the carbamate insecticides. 
Moorefield (39) found that a combina- 
tion of five parts of piperonyl butoxide 
(3,4 - methylenedioxy - 6 - propylbenzyl 
butyldiethyleneglycol ether), and either 
carbaryl or 3-tert-butylphenyl .V-methyl- 
carbamate, straightened and steepened 
the dosage mortality curve to the house- 

fly and displaced it some SO-fold to the 
left. Sesoxane [2-(3~4-methylenedioxy- 
phenoxy)-3,6.9-trioxaundecane] \vas 
found by Eldefra\vi> Miskus, and Sutcher 
(9)  to enhance the activity of carbaryl 
and other carbamates not only against 
susceptible houseflies but also to strains 
resistant to D D T  and parathion and a t  
ratios of synergist to insecticide as IOM. as 
1 : 10. Georghiou, Metcalf, and lMarch 
(78) selected susceptible houseflies Tvith 
3-isopropylphenyl .V-methylcarbamate 
and found that? after seven generations, 
the female flies had developed complete 
tolerance to this carbamate and to a 
variety of related substituted phenyl 
.V-methylcarbamates. Holvever, syner- 
gism with piperonyl butoxide almost 
completely restored the effectiveness of 
the carbamates to the resistant strain. 
Georghiou (7d. 76) sho\ved that the 

carbamate wsistant H,,,,, Hies lost Ihcir 
resistance after .i4 generations without 
selection pressure. and that the car- 
bamate resistance results from a partially 
dominant single factor inheritance. 

Georghiou and Metcalf (77) demon- 
strated that the R,,,,, flies metabolized 
3-isopropylphenyl :!'-methylcarbarnate 
about 10 times as fast as the SXAII)\ ,  flies, 
and that pretreatment with piperonyl 
butoxide substantially reduced the rate 
of metabolism of the carbamate. Similar 
studies xvith C"-labeled Zectran (4- 
dimethylamino-3,5-xylenyl .!.-methyl- 
carbamate) (,?.?) also demonstrated the 
rapid metabolism of the carbamate in the 
R,,,,, flies and the inhibition of this 
detoxication by pretreatment xvith piper- 
onyl butoxide. 

The mode of carbamate detoxication is 
complex as the studies of Dorough and 
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