
Table 111. Total Hydrolyzable Chlorine in Cyanuric Chloride 
Condifionr - 

X 

Direct titration 9 9 , 7 8  
30-minute reflux after acidification 100.08 

s n 

1 0 . 3 2  5 
1 0 .  20 5 

chloride content. As a final check on 
the procedures, a mixture of this Dyrene 
with cyanuric chloride and sodium chlo- 
ride was analyzed for all components. 
The results are shown in Table 11. Each 
of the determinations was carried out 
five or six times. I t  can be shown that 
the differences between the calculated 
and found figures for the mixture are not 
significant as based on the standard 
deviations of the previous table. If each 
determination were carried out in dupli- 
cate, a standard error for the Dyrene 
content would be 10.137, ,  for cyanuric 
chloride 10 .057 , ,  and for sodium chlo- 
ride =k0.047,. Both accuracy and re- 
producibility are satisfactory for control 
purposes. 

The method is subject to interference 
by pesticides such as D D T  or BHC 
which are capable of undergoing alkaline 
dehydrohalogenation. 

Application to the Analysis of Tech- 
nical Cyanuric Chloride. Following 
on from the above, there seemed no 
reason why the relevant methods should 
not be applied to the assay of technical 
cyanuric chloride. The  published 
method ( 7 )  for this determination in- 
volves the reaction of excess sodium 
methylate with cyanuric chloride, the 
excess reagent being hydrolyzed and 
determined acidimetrically in the usual 
way. The  results with aqueous sodium 
hydroxide suggested a somewhat simpler 
procedure. 

From the hydrolysis curves (Figure 2), 
one would expect hydroly 513 ‘ at room 
temperature to be erratic. This was 
confirmed by hydrolyzing a series of 
0.25-gram samples for 30 minutes in 1.V 
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sodium hydroxide at about 22’ C. 
The liberated chloride was determined 
by direct titration in acid solution. 
Five determinations gave a mean of 
93.327, with a standard deviation of 
1 2 . 4 6 .  4 s  hydrolysis at room tempera- 
ture \vas obviously unsatisfactor)-, the 
reaction was reinvestigated by heating 
for 30 minutes a t  reflux. In this study 
the effect of boiling after acidifying the 
hydrolyzate was investigated for cyanuric 
chloride as it had been for Dyrene. 
The  results obtained by the refluxing 
procedure are shown in Table 111. 
Theoretical values are obtained whether 
the posthydrolyais boiling step is in- 
cluded or not and this step was omitted 
in applying the procedure to a mixture 
of cyanuric chloride and sodium chloride 
(2.477,). In  this case a mean value of 
100.07, (standard deviation 1 0 . 1 9  for 
seven determinations) was obtained. 
The calculated value for the sample was 
99.92%. 

The  method for free chloride as de- 
scribed for Dyrene was unsatisfactory for 
cyanuric chloride because of a small 
amount of hydrolysis of the latter com- 
pound in ice water. Accordingly, a 
procedure ( 7 )  involving solution of the 
sample in chloroform and shaking for 2 
minutes lvith ice-cold \vater was em- 
ployed. In  this method the inorganic 
chloride is supposed to be extracted into 
the water without causing any hydrolysis 
of cyanuric chloride. When this 
method was applied to pure cyanuric 
chloride, five determinations gave a 
mean value of 0.09% as sodium chloride. 
This indicated that a slight hydrolysis of 
cyanuric chloride was occurring even 

Two Organisms Suitable for 
Bioassaying Specific Acaricides 

IOASSAY with susceptible organisms B is a well established method for 
determining residues of pesticides. Ho\v- 
ever, the specific acaricides-pesticides 
specifically toxic to mites but virtually 
nontoxic to insects-cannot be success- 
fully determined by bicassay with insects 
commonly used for this purpose. 

1 Present address, Department of En- 
tomology, Kasetsart University, Bangkok, 
Thailand. 

Phytophagous mites, notably the two- 
spotted mite Tetranjchus teiarius (L.), 
have been used to screen candidate 
pesticides for acaricidal activity. Re- 
ports on this subject, found in the 
unpublished files of pesticide manu- 
facturers, indicate a great deal of vari- 
ability in response to any given level of 
toxicant. Several reasons may exist for 
such variability. but undoubtedly differ- 
ence in host plants is a prominent factor. 
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under these conditions. That the value 
is real and not due to a slight contamina- 
tion of the cyanuric chloride with in- 
organic chloride was shown by the fact 
that a plot for the hydrolysis of cyanuric 
chloride in water a t  0’ C. went through 
the origin. If there had been as much 
as 0.1% of inorganic chloride present, 
this would not have been true. 

Lt’hen the method \+as applied to a 
sample of cyanuric chloride containing 
2% of added sodium chloride, the mean 
of six determinations gave a value 0.1% 
higher than the theoretical. However. 
for control purposes this was not con- 
sidered serious. 

The total hydrolyzable chlorine pro- 
cedure is suggested as an alternative to 
the methylate procedure for the analysis 
of qanur i c  chloride. I t  may be cor- 
rected satisfactorily for ionizable chloride 
by the method dexribed above. 
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Thus variation in age and nutrition of 
plants probably affects the mites. and 
their almost continual dependence on 
plant food necessitates careful dipping or 
spraying practices, \vhich are in turn 
modified by interactions between pesti- 
cide and plant surface. The instability 
of response to a given level of toxicant 
accounts for the present lack of bioassay 
methods for specific acaricides. 

A current investigation on the useful- 



Bioassay of specific acaricides was attempted because no suitable organisms for this type 
of analysis had been tested. The brine shrimp, Artemia salina Leach, and the stored 
products mite, Tyrophagus putrescentiae Schrank, showed promise for assaying this group 
of toxicants. The former was exposed in shell vials to toxicant in acetone introduced into 
salt solution, the latter to a dry film of acaricide in a chamber made from opposed micro- 
scope depression slides. Toxicity curves with solutions of highly purified toxicant were 
established for Aramite, Chlorobenzilate, Dimite, Kelthane, Mitox, ovex, and Sulphenone. 
A bioassay of Kelthane on pears and cherries, using extractives from these fruits to establish 
a standard curve, was in close agreement with the colorimetric method frequently em- 
ployed. 

ness of four organisms for bioassaying 
a number of pesticides showed that a 
stored product mite, Tjro f ihaps  putres- 
centiae Schrank (Syn. T .  castellanii Hirst! 
7'. iioxz71s Zakhvatkin: T .  bratni Turk),  
and the brine shrimp, Artemia salina Leach, 
are suitably sensitive to specific acaricides 
in pure form. Methods of exposure 
and toxicity curves for seven of these 
compounds are reported here. 

Organisms 

The brine shrimp? 14rtemia salina, has 
been previously utilized to determine 
residues of insecticides. There are 
several advantages in its use (6 ) .  Eggs, 
which can be stored for long periods, are 
readily obtainable from tropical fish 
suppliers. They are easily hatched, and 
the nauplii are tolerant to a wide range 
of salt concentration. They tolerate 
small amounts of acetone, but minute 
amounts of insecticide are rapidly toxic 
to all age groups from 24-hour-old 
nauplii to adults. Sensitivity to meth- 
oxychlor, DDT: lindane, chlordan, toxa- 
phene, endrin, Hayer 17147, parathion, 
and dieldrin has been reported (6, 771,  
but their usefulness in the assay of 
specific acaricides has not been deter- 
mined. 

A stored products mite! T2rophagus 
putrescentiae, was tested for susceptibility 
to specific acaricides. This mite is 
\sorld-wide in distribution, and has been 
reported to feed on many kinds of stored 
products, preferably flour and cheese. 
They have been reared on blocks of 
Cheddar cheese at  55" F., and acaricides 
have been evaluated for their control 
(2). This mite ivas demonstrated to be 
t\vo to three times more productive in 
semolina than in wheat (8). It  has a 
very high fecundity, and can seemingly 
be cultured indefinitely and easily under 
proper laboratory conditions. The min- 
imal care required to maintain this mite 
aids in its des:rability as an organism for 
bioassay. 

Pesticides Tested 

Dosage-mortality curves tvere estab- 
lished for 29 pesticides using these two 
test organisms. All test compounds were 
highly purified, OY the technical chemical 

was used. The results related here are 
for preliminary tests with purified 
compounds against the two organisms 
used, and merely show their suitability 
as sensitive organisms provided relatively 
pure toxicant is employed. The follo\v- 
ing seven specific acaricides were tested : 

.hamite [2-(p-tert-butylphenoxy)-l- 
methylethyl 2-chloroethyl sulfite] ; 
Aramite standard A-7499 : Kaueatuck 
Chemical. 

Chlorobenzilate iGeigy 338; ethyl- 
4.4'-dichlorobenzilate) : Dure chloro- 
benzilate; Geigy .4gr'icuitural Chemi- 
cals. 

Dimite (DMC;  4,4'-dichloro-a- 
methylbenzhydrol) ; purified DMC,  p ,p -  
DMC, content 98.576, OR-307; 
Sherwin-Williams Co. 

Kelthane [F\V-293 ; 1,l-bis(fi-chloro- 
phenyl)-2,2,2-trichloroethanol] ; purified 
Kelthane; Rohm K: Haas Co. 

Mitox (Chlorbenside : p-chlorobenzyl 
p-chlorophenyl sulfide) ; recrystallized 
Mitox, California Spray-Chemical 
Corp. 

Ovex (Ovotran; p-chlorophenyl p -  
chlorobenzenesulfonate) ; highly purified 
ovex, Dour 360914; Dow Chemical Co. 

Sulphenone (R-242 ; p-chlorophenyl 
phenylsulfone) ; technical Sulphenone ; 
4-chlorophenyl phenylsulfone 80%, 4,4- 
chlorophenyl phenylsulfone 5%, phenyl 
phenylsulfone 1 Syc ; Stauffer Chemical 
co .  

Rearing Methods 

The salt solution previously recom- 
mended (6 )  isas used for hatching brine 
shrimp eggs. Rather than endure the 
uncertainties of rearing the nauplii to 
adults. those hatched within 24 hours 
were used. The  eggs were placed in the 
appropriate salt solution in one side of a 
cr)stallizing dish 6 inches in diameter, 
separated down the middle by a floating 
booden divider. A light source illumi- 
nated the side lacking eggs and the 
photopositive nauplii swam to that side. 
In this manner nauplii were readily 
separated from unhatched eggs, and 
presumably only vigorous individuals 
uniform in their reaction to light were 
tested. Cse of newly hatched nauplii 
precluded the variability in susceptibility 
of various growth stages previously noted 
( 7 7 ) .  

v 0 1. 8, 

The stored product mite \vas raised on 
wheat in 32-ounce wide-mouthed 
bottles. Only mechanically damaged 
grain is attacked ( 8 )  ; therefore the 
kernels \yere cracked in a grinding 
machine after a \sash in hot water to 
ensure the elimination of other stored 
grain pests. The jars \&'ere filled almcst 
to the top and about 3 grams of wheat 
germ and 1 gram of brewers yeast added. 
To  promote fungal growth Lvhich is 
knoisn to favor vigorous mite reproduc- 
tion (71, 10 ml. of distilled water were 
deposited along the side of each filled 
jar to soak the bottom layer of the 
medium. LMites ivere introduced with 
grain from an old culture, and were 
found feeding at the bottom layer in 
considerable numbers \vithin a week. 
Usually three or four jars were prepared 
simultaneously and placed on a metal 
pan surrounded by a barrier of motor oil. 
In 3 to 4 weeks tremendous numbers of 
mites developed, swarming on the filter 
paper covering each jar.  A productive 
culture supplied sufficient mires for 
testing cver 4 to 5 months. All cultures 
were maintained in a room at  75" F. 
and 407, relative humidity. 

Method of Exposure 

Brine Shrimp. Acaricides being 
tested were prepared in 1.25-ounce salve 
jars. The exposure medium consisted 
of salt mixture diluted with distilled 
water to one fifth of hatching concentra- 
tion to which acaricide in acetone had 
been added. In practice this was 
accomplished by placing 8 ml. of dis- 
tilled water and acaricide in each jar 
\vith 2 ml. of full-strength hatching 
medium containing approximately 50 
shrimp. Solvents other than acetone 
in plant extracts of acaricide were 
evaporated in a fume hood and were 
replaced by acetone before the test 
exposure \vas made. The  control (no 
acaricide) consisted of similarly diluted 
hatching solution, and diluted hatching 
solution plus acetone. Concentration 
of acetone baried within a test, but neier 
exceeded 276 on a volume basis. 

Brine shrimp and test solution were 
transferred to glass shell vials approxi- 
matelv 0.25 inch in diameter and 1.25 

NO, 1, J A N . - F E E .  1 9 6 0  33 



I I 

O l b l  0; ob 0's 0 ;  110 2(0 d o  ' do 710 Ib " d o  

Dosage i n  Micrograms 

Figure 1 .  Log dosage-probit mortality regression lines of 
seven specific acaricides for brine shrimp, 24-hour exposure 
at 75" F. 

Dosage expressed in micrograms per milliliter 

inches in height. Ten shrimp were 
placed in each vial, which was filled 
nearly to the top. Four vials were 
filled (1.2 ml.) with an identical con- 
centration of salt solution and acaricide. 
The vials were then placed in a rack 
designed to permit easy observation of 
effects when placed before a dark back- 
ground. Each concentration of toxicant 
was tested at least twice for a minimum 
of eight replications at any given level. 
All tests were conducted at  75' F. and 
40% relative humidity. 

Mortality, rather than time in relation 
to cessation of swimming activity (6 ) ,  
was the criterion used to determine 
levels of toxicant. Exposure was for 
24 hours, during Tvhich time approxi- 
mately 0.2 ml. of test solution evapo- 
rated. Hoive\er, this was not con- 
sidered particularly important, as in any 
case all test containers were subject to 
equal conditions. 

In making a reading the exposure rack 
was placed in front of the light from two 
15-watt fluorescent tubes and the shrimp 
were alloired approximately 1 minute 
to exhibit response to light before 
mortality was determined. Unaffected 
brine shrimp can cover the distance of 
the vial depth in less than 20 seconds, 
and move rapidly up and down the 
column of solution. In response to 
toxicants they sink to the bottom due tc a 
loss of muscular coordination. They 
were counted as "dead" if they failed to 
travel at least 0.25 inch vertically during 
approximately 30 seconds of observation. 

Stored Product Mite. Microscope 
slides possessing three shallow depres- 
sions were used as exposure chambers for 
the mites, The toxicant in solvent was 
placed in the slide depressions by cali- 
brated micrometer syringe or small- 
volume pipet, a given amount being 
repeated in each depression for (a total 
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Figure 2. Log dosage-probit mortality regression lines of 
six specific acarides for the stored products mite, 24-hour 
exposure at 78" F. 

Dosage expressed in micrograms per  depression chamber 

of) three replications. Each depression 
had a capacity of approximately 0.1 ml. 
The  solvents commonly employed for 
extraction of pesticides (acetone, ben- 
zene, carbon tetrachloride, chloroform, 
petroleum ether, Skellysolve B) \vere 
rapidly evaporated at room tempera- 
ture. leaving a dry film of toxicant. 
For plant extracts it was sometimes 
necessary to evaporate the solvents more 
rapidly in a fume hood on a slightly 
warm surface because of wax and other 
plant residues retarding evaporation. 

The mites were transferred to the 
treated depressions on pieces of dark blue 
or black paper formed with an insect 
point punch. In  a vigorous culture 
they sxvarm over the filter paper covering 
the wide-mouthed rearing bottle. This 
was moistened with a few drops of \rater 
and the dry paper points were placed on 
top. In  about 10 minutes the mites 
congregated on the surfaces of the dry 
points, which were transferred by forceps 
singly to treated slide depressions. The 
dark paper made the white mites plainly 
visible, so that points covered with 30 to 
80 mites were readily chosen. The use 
of paper points for transfer minimized 
injuries caused by trying to handle the 
mites bij other methods. 

4 n  enclosed exposure chamber was 
formed by opposing the depressions of 
each treated slide with those of an 
untreated one. A drop of 1% aqueous 
methylcellulose solution was placed at 
each end of the treated slide, causing a 
seal over all flat surfaces when the clean 
slide was placed on top. In addition to 
sealing off the exposure chambers, the 
methylcellulose solution appeared t G  

maintain a desirable humidity during 
exposure. Mites that crawled out of the 
depressions before application of the 
untreated slide Ivere crushed between the 
fiat surfaces and riot countcd further in 

the test. Test chambers were laid 
horizontally in a light-excluding holding 
cabinet a t  78' F. and 40y0 relative 
humidity. The mites Irere active and 
walked over both treated and untreated 
surfaces. Each level of acaricide was 
replicated at  least six times. 

Mortality counts ~ e i e  made following 
24 hours of exposure. Each exposure 
chamber \+as rcadily observed when 
placed against a dark background in the 
field of a dissecting microscope at  1 5 X  
magnification. The total number of 
living and dead mites ivas counted at  
this time. Living mites were activated 
by placing the exposure chambers for 
15 seconds on a surface warmed to 95' F. 
Living individuals responded by active 
locomotion or movement of appendages. 
Dead individuals were motionless and 
often contorted and dried. 

Results and Discussion 

Percentage mortality was calculated 
by compensating for the mortality in 
untreated controls by Abbott's formula 
( 7 ) .  For all tests the mortality of 
control brine shrimp was zero in diluted 
saline, less than lyO in saline solution 
with 2% acetone, Mortality of mites 
was less than 57~ for all controls. Re- 
gression lines for specific acaricides 
against brine shrimp and mites were 
graphed on a log dosage-probit mortality 
scale (Figures 1 and 2). The lines were 
fitted statistically by means of the least 
square method ( 3 ) ,  and the LDSO level 
was calculated (Table I) .  The mites 
were very insensitive to ovex under these 
experimental conditions, making a re- 
gression line impossible tc plot. The 
LD:o level for DDT, parathion, and 
dieldrin, obtained under identical experi- 
mental conditions, is included in Table I .  

Results indicate the toxicity of the 
acaricides to brine shrimp a t  the LDj0 
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eve1 to be: Mitox > Kelthane > ovex E 
Aramite > Dimite > Chlorobenzilate > 
Sulphenone. A comparison a t  the LDjo 
level between the specific acaricides and 
three reference insecticides is as follows: 
Mitox > parathion > Kelthane > 
Aramite = DDT > Dimite > dieldrin > 
Chlorobenzilate. As the brine shrimp 
has been success,fully employed by pre- 
vious workers for the determination of 
insecticides, and as it is similarly sensitive 
to specific acaricides, exhibiting a satis- 
factorily steep slope for the dosage- 
mortality regresriion lines, it is obvious 
that this organism is suitable for the 
bioassay of residues of specific acaricides. 

For the mitcs the toxicity of the 
acaricides at the LDjo was: Kelthane E 
Mitox > Dimite > Sulphenone > 
Chlorobenzilate > Aramite. Ovex was 
virtually nontoxic to the postembryonic 
forms tested. In comparing specific 
acaricides to reference insecticides di- 
eldrin > Kelthane > parathion > 
Chlorobenzilate > D D T  = ovex. 

From the standpoint of sensitivity a t  
the LD50 level, and slope of the regression 
line of the se’l-en specific acaricides 
tested, brine shrimp is more suitable for 
bioassaying Arainite and ovex. Under 
the same criteria T .  putrescentiae is more 
suitable for the assay of Dimite and 
Sulphenone. They are roughly equiva- 
lent at the L D ~ c  level for Kelthane and 
Mitox, but the brine shrimp possesses a 
steeper and therefore more satisfactory 
regression line for these two compounds. 
Although the brine shrimp is not as 
sensitive at  the 1350 level as the mite to 
Chlorobenzilate, the steep pitch of the 
regression line suggests it to be a much 
more suitable organism for bioassay of 
this compound. In fact, the slope 
of the regression line for this compound 
against the mite suggests that it is un- 
suitable for determination of different 
levels. The response of brine shrimp to 
ovex is interesting, as the mite as well as 
tlvo insects tested (Drosophila melanogaster 
and Crjptolestes ferrugineus) were virtually 
unaffected. This compound is used as 
an ovicide against mites, and it may be 
that brine shrim.p are suitable for bio- 
assay of other compounds that are 
primaril) ovicidal in activity. 

Assay of Plant Extractives. Tissue 
extractives, as might be expected, hin- 
dered the determination of specific 
acaricides by interfering with toxicant 
or by possessing naturally toxic sub- 
stances. The si.rong-smelling extracts 
of turnips and onions, extracting 3 
grams of tissue with 1 ml. of Skellysolve 
B, did not affect I he mortality of mites in 
control exposure chambers. An extract 
of Kelthane from pears (6.45 grams of 
tissue per ml. of Skellysolve B) was toxic 
to brine shrimp. causing a calculated 
recovery of 163% based on the reference 
curve developed for acaricide and solvent 
only. Extract of cherries with Skelly- 
solve B (15 grams per 1 ml.) did not 

Table 1. LDao in Micrograms of Toxicant per Milliliter for Brine Shrimp, 
and per Exposure Chamber for Mites 

Organisms 
Brine Shrimo Mites 

roxiconts lD5o Dosage limitsa Slope LDjo Dosage limitsa Slope 

Aramite 1.25 1.12-1.38 2.539 11.72 11.61-11.83 3.570 
Chlorobenzilate 9.51 9.37-9.65 3.328 3.97 3.85-4.09 1.321 
Dimite 2.56 2,45-2.67 3.207 0.71 0.60-0 82 4.422 
Kelthane 0.75 0.63-0.87 3.302 0.42 0.34-0.60 2.538 
Mitox 0.40 0.28-0.52 2.272 0.57 0.45-0.69 2.064 
Ovex 1.16 1.04-1.28 3.534 lOO.O+ 

DDT 1.25 1.12-1.38 0.901 100 0+ 

Parathion 0.52 0.41-0.63 2.500 3.50 3.32-3.68 0.537 

Sulphenone 12.98 12.79-13.17 2.890 1 74 i.5i-i.97 4.267 

Dieldrin 5.45 5.29-5.61 0.589 0,041 0.029i0. 053 2.969 

Q Dosage limits were calculated by transforming the limits of % mortality at LDso level 
to dosages, using the formula: 

t05 Sg . x x = log dosage 
Lo\ver limit X ’  = XLDjo - ___ y = probit mortality 

Sg, x = standard deviation 
b 

t05 Sg . x n = no. of observations 
Upper limit x ’  = xLD50 + b = slope 

t05 = value o f t  at 0.05 level 
s g . x  where S ? , x  = 

significantly affect mortality of brine 
shrimp. yielding a 10170 recovery. 
However, these same raw extracts 
appeared to mask the toxicity of Kel- 
thane for mites, yielding only a 49.570 
recovery for the pear extract, and an  
even smaller recovery for the cherry 
extract. Although standards prepared 
under identical conditions can be used 
to counterbalance such effects (IO), 
the removal of plant-derived extractives 
as suggested (4, 5) is desirable if they 
markedly modify toxicity. 

The apparent agreement of chemical 
analyses of Kelthane with a limited 
number of bioassays indicates the validity 
of using brine shrimp and mites for 
determining residues of specific acari- 
cides. Extracts of pears and cherries 
were obtained by tumbling them with 
Skellysolve B and anhydrous sodium 
sulfate for 1 hour. The filtered extract 
was determined colorimetrically ( 9 ) ,  
as 0.30 p.p.m. for pears and 2.3 p.p.m. 
for cherries. This same extract bio- 
assayed with brine shrimp yielded deter- 
minations of 0.34 and 2.1 p,p.m., re- 
spectively, when compared to reference 
curves established with toxicant in 
appropriate plant extract. Bioassay 
with T.  putrescentiae under similar condi- 
tions yielded determinations of 0.33 and 
1.9 p.p.m., respectively. Apparently 
the differences in toxicity of pure solu- 
tions and plant extracts can be compen- 
sated for by establishing a toxicity curve 
with the plant extract in questim. 

Perhaps both organisms should be used 
in determining a residue sample. The 
results would serve as a cross check and 
might profitably be averaged to give a 
more accurate determination. For ex- 
ample, two samples of highly purified 
Chlorobenzilate and Kelthane were 
prepared by one investigator and deter- 
mined by the other lacking previous 
knowledge of their concentration. For 

Chlorobenzilate a recovery of 96.2% 
(30.1 mg.) was obtained with brine 
shrimp, 116.?% (36.54 mg.) with mites. 
When averaged the recoverywas 106.4%, 
actual amount being 31.30 mg. For 
Kelthane a recovery of 107.4% (7.57 
rng.) was obtained with brine shrimp, 
92.6% (6.53 mg.) with mites. When 
averaged the recovery was 10070, actual 
amount being 7.05 mg. 
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Metabolism of Malathion by Rat Tissue 
Preparations and Its Modification by EPN 

I N S E C T I C I D E  METABOLISM 

F. W. SEUME’ and R. D. 
O’BRIEN’ 
Department of Entomology, 
University of Wisconsin, 
Madison 6, Wis. 

Homogenates of 1 1  rat tissues metabolized malathion at comparable rates and to similar 
metabolites. The hydrolysis 
at this linkage, the over-all hydrolysis, and the formation of malaoxon by various tissues 
in vitro were all inhibited by EPN in vivo. The synergism of EPN and malathion in vivo 
is therefore probably not attributable to an increased level of malaoxon in the body, but 
$0 a greater persistence of malathion and malaoxon in he tissues. 

The main hydrolysis occurred at the carboxyester linkage. 

OTENTIATION’.’ OR (’SYXERGIYM” as it P is called in this paper, with organo- 
phosphate insecticides in mammals is of 
considerable interest, because of possible 
health hazards (6) and of the need fat 
investigating the physiological back- 
ground of the phenomenon (3,4,  70). 

Combinations of malathion and EPN 
deserve particular interest as after 
the initial report of Frawley et ai. 
(6) it has frequentiy been confirmed 
that certain combinations of these two 
insecticides in the dog, rat, and mouse 
resulted in some remarkable synergistic 
effects (.is 73).  I t  has been shown by 
Cook et ai. (3) that malathion deg- 
radation by liver in vitro is inhibited 
by numerous organophosphates, and by 
Murphy and DuBois (70) that after 
EPS administration, the ability of the 
liver and serum to degrade malaoxon 
(the anticholinesterase Ivhich is a me- 
tabolite of malathion) is inhibited. Both 
groups, after studies on rats, concluded 
that their findings accounted for the 
observed synergistic effects. 

The present study was initiated by 
the need for a broad approach to the 
metabolic background of the phenom- 
enon, especially to locate the point of 
attack of EPN upon the metabolism of 
malathion. According to Cook and Yip 
(4),  the principal liver metabolite of 
malathion in vitro is one of the half- 
esters-0, 0-dimethyl S-(1-carboethoxy- 
2-carboxyethyl) phosphorodithioate. 
However, their Table I suggests that, in 

1 Present address, Institut fur Pflanzen- 
pathologie, Gottingen, Germany. 

* Present address. Pesticide Research 
Institute, London, Canada. 

fact, more than one metabolite was 
produced: if this were so, it Ivould re- 
open the problem of where EPS attacks. 

This study examines the hypothesis 
that EPS  iahibits degradation of mala- 
thion and /or malaoxon, and consequently 
raises the level of malaoxon in tissues. 
Such an effect in vivo would explain the 
potentiation of malathion bs  EPN. 

Materials and Mefheds 

Holtzman albino male rats. 160 to 
180 grams, were used as sources of tissues 
which were pooled from at least two 
animals for every experiment. The 
animals were decapitated and the 
tissues immediately chilled after removal. 
The  heparinized blood was separated 
into plasma and corpuscles (whole 
corpuscular fraction) by centrifugation. 

The tissue preparations used $+ere: 
Natural form (plasma and corpuscles). 
Homogenates. mzde with a Lourdes 

stainless steel homogenizer. Homog- 
enates were used, because they were 
expected to yield primarilv information 
on degradation. They were also the 
onlv tvpe of preparation which could be 
used foi all tissues. 

Slices (thickness 0.2 mm.), cut nirh a 
Mickle tissue slicer, !cere used, because 
it was anticipated that they would 
yield information primarilv on the 
balance between malathion oxidation 
and degradation (the procedure of 
slicing helps preserve cofactor-sensitive 
oxidative enzyme svstems). 

Acetone powders. One part of 
chilled tissue was homogenized in 20 

par@ of acetone at -50’ C. and filtered, 
and the residue was rehomogenized 
twice in fresh, cold acetone portions. 
Acetone was removed b j  a Labiine 
evaporator, and the powder was dried 
overnight under room conditions. Incu- 
bation suspensions were made up bv 
homogenizing the acetcne powdcrs in 
isotonic dubion  Acetone powders, 
iverr used for comparison with the 
findings of Cook et ai (3) which were 
partially based upon this type of prep- 
aration 

Liver cell compcirient fractions. Liver 
was homogenized iB B Potter-Elvehjem 
type glass homogeniz& and differentially 
Centrifuged essentiallv according to 
Schneider (74); the preparation and in- 
cubation medium was isofonic sucrose 
solution (A) as specified below. 

In experiments where only liver was 
used, not comparatively \vi& other 
tissues, the liver \+as perfuured before 
preparation with cold 0 9YG qodium 
chloride soIurion in situ via the portal 
and hepatic veins in order to remove 
blood. 

The incubation conditions we1 e. unless 
stated otherwise: fresh tissue preparation 
(or the equivalent of fiesh ivhole tissue as 
acetone powder or live cell component 
fractions) incubated at a concentration 
of 5% in isotonic solution A (0.018XZ 
calcium chloride in 0 251M sucrose) 
containing 6.8 X 10-4A4 P32 malathion 
for 30 minutes at 37 5’ C. while shaken 
at  120 cvcles per minute. 

In expeiiments especially indicated 
below, a buffered isotonic solution, 
referred to as B, was used as incubaticn 
medium: 0.lj.M sodium chloride, 0 154.M 
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