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THE EFFECT OF SUCCESSIVE TREATMENTS OF DDT ON 

I1DIVIDUAL SUSCEPTIBILITY IN THE AMERICAN COCKROACH 

AND THE LARGE MILKWEED BUG 

INTRODUCTION 

The development of resistance to DDT on the pert of 

house flies, mosquitoes and other insects has stimulated 

interest and concern In the general problem or insect 

resistance to insecticides. Why different species of 

insects should differ in their susceptibility to various 

toxicants, why different races or strains of a given 

species have different levels of susceptibility, and why 

individuals within a given strain show gradations of sus- 

ceptibility are sorne of the aspects of this problem. The 

differences in susceptibility to DDT among different 

species, different races and different individuals of the 

same race is only a matter of degree. The ultImate goals 

in the study of thIs problem are to find the mode of 

action of DDT and the protective rnecharisrn which allows 

some insects to survive DDT poisoning. 

There is a considerable aniount of literature on the 

subject of the mode of action and insect resistance to 

DDT, but information on the effect of successive treat- 

merits of DDT on individuals of the same population seems 

fragxental or almost lacking. According to Perry and 

Hoskin's report (53) an increase in resistance within a 



species seems to appear only after considerable exposure 

to the poison concerned. Up to the present no definite 

report has been made of a race of house flies tolerant to 

a large amount of DDT upon first exposure. whether 

exposure to sublethal doses may cause the protective 

system already present to beconie more active, in the way 

that adaptive enzymes act in some bacteria, apparently has 

not been studied. Dr. Steinhaus states in his "Principles 

of Insect Pathology" (1950) that the exact mechanism by 

which certain insects acquire a resistance to chemical 

insecticides is noL known (62, p.215). The development 

of a resistant strain after repeated exposures suggested, 

among other possibilities, that some change might have 

occurred among the survivors. 

A study of this aspect of individual susceptibility 

is the subject of this thesis. The author decided to use 

ALnerican cockroaches, Periplaneta americana (L.), as the 

test insects because these roaches are relatively long 

lived, large in size and rearing xnethods have been worked 

out and published. Later, the large milkweed bug, 

Oricopeltus fasciatus (Dall.), was also used, primarily 

because it could be reared conveniently in largo numbers 

in a relatively short time. 

Attempts were also made to find the relationship be- 

tweon the cytochrome oxidase activity of roaches surviving 

repeated DDT exposures and their susceptibility to this 



insecticide, 

HISTORICAL REVIEW 

3 

The development of resistance to insecticides by 

certain species of insects is not new. Its history dates 

back almost to the earliest application of insecticides, 

if allowance is made for the inevitable delay in the 

detection of its existence. The earlier literature rela- 

tive to development of resistance to chemical insecticides 

has been reviewed by Smith (61) and Quayle (56) and more 

recently by Babers (2) and Babers and Pratt (3). The 

subject was also treated by Brown (13, pp.740-744; and 

756-?63) and in the symposium of the eighty-first Annual 

Report of the Entomological Society of Ontario 

(20, pp.33-50). 

In 1914 Melander (45) first reported that the San 

Jose scale (Aspidiotus perniciosus) in the Clarkston 

Valley of Washington state in 1908 was becoming resistant 

to lime sulfur solution. A similar race was also detected 

in southern Illinois (25). The Clarkston strain showed no 

progressive increase in resistance during the succeeding 

15 years (46). Subsequently, resistant strains of three 

species of coccids developed in the citrus groves of 

California where hydrogen cyanide was used as a tree 

fumigant. In 1912, populations of the black scale 
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(Saisaetia oloao) at Charter Oak were found to be unusu- 

ally resistant to HCN ruinigatîon (69). In the same year 

resistance to HON appeared in the Calirornla red acab 

(Aonldlella aurantli) at both Corona and Orange (55). 

Finally in 1925, a HCN-resistant strain of the citricola 

scale (Coccus pseudornagnoliarum) appeared at Riverside 

(55). Genetical investigation (17) in the case of the 

red scale showed that resistance was sex-linked. The 

hapboid males resembled their dipboid mother in resistance 

and showed no dominance to the extent that the hetero- 

zygous females were intermediate in resistance. Suø- 

cessive generations of the resistant strain maintained 

their resistance oven in the absence of HCN, but the 

resistance of the stock was found to increase upon further 

exposure to this fumigant. 

By 1938 it was definitely established that a strain 

of the codling moth (Carpocapsa pomonella) in the Grand 

Valley of Colorado was resistant to acid lead arsenate 

(38). Genetically, the factor or factors were neither 

dominant nor sex-linked. The hybrids were intermediate 

in resistance and the reciprocal crosses were identical 

(38, 39). In 1943, it was reported that larvae of C. 

pornonella infesting walnut orchards inì California had 

developed an increased resistance to basic lead arsenate 

(56). 



Durin. the following decade, many Instances of 

resistance wore discovered In California, where control 

nieasure are uaually more Intensive than elsewhere. In 

1941, a resistant atrain of the citrus tJìrips (Scirto- 

thrips citri) was reported from the San Fernando valley, 

California (12). In 1943, the gladiolus thrips (Taenio- 

thripß sixlex) was showing resistance to tartar emetic 

in certain localities of California (56). In the same 

year the walnut husk fly (Rhagoletis oonpleta) of Southern 

California was noted to have a resistance to cryolito (56). 

In 1944, it was apparent that there was a strain of the 

peach twig-borer (Anarsia lineatella) near the town of 

Empire, California that was resistant to basic lead arsen- 

ate (64). 

Other investigators have observed resiztrnce to 

certain insecticides in the confused flour beetle (Tri- 

bolium confusum) (30), the screw-worm (Cochlicmyia amen- 

cana (42), the vinegar fly (Drosophila melanogaster) (11), 

and several species of cattle ticks (19, 52) and rod 

spiders (27). 

In 1946 there first appeared the well-known instan- 

ces of resistance to DDT in the housefly that have brought 

the entire subject of insecticide tolerance into the lime- 

light. 

In 1947 reports from Italy (8, 49, 58) and from 



Sweden (66) IndIcated that in certain localities DDT had 

lost its original effectiveness in the practical control 

of the house fly. Llndquist & Viilson (43), working in 

the United States, reported upon the development of a 

laboratory strain of house flies which become resistant 

to DDT after exposure of 14 consecutIve generations to 

dosages of DDT which allowed only a small percentage of 

survival. Barber and Schmitt (5) were the first to report 

the occurrence of a wild strain of DDT-resistant house- 

flies in New York. Failure of hitherto successful control 

programs was first observed in Southern California in the 

spriflg of 1948 (44), Since then DDT-resistant houseflies 

have been reported froni Oregon (50), Texas, Georgia, 

North Carolina, New Jersey (M), and Florida (40) of the 

U.S.A. and Ontario and quebec of Canada (13). The work 

of Bruce and Decker (14) clearly establishes the fact 

that the house fly may become resistant to DDT and cer- 

tain other compounds following the exposure of a variable 

number of consecutivo generations to the selective effects 

of the insecticide. 

The degree of resistance in the Swedish resistant 

stock was such that its median lethal dose of DDT was 2.5 

to 5 ug as against 0.025 ug for normal flies (66). Perry 

and Hoskins reported that for the Berkeley strain LD5O 

O.054)'T)DT (by topical application) but for the i3ellflower 
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strain L1D50 7.4 'y PDT (53). A strain of house flies 

resistant to both PT)T and methoxychior, designated as 

MultI strain I by Jiruce and Decker, was determined to 

require 18,728 ug of DOT or 14,5B6 ,ug of methoxychior per 

gram of female fly to produce a median mortality 24 hours 

after treatment, whereas the non-resistant laboratory 

strain required only 20 ig of DDT or 26 ,ug of methoxy- 

chlor per gram of female fi7 to obtain comparable results 

(63). 

The Ellenville wild DDT-rosistant strain showed a 

parallel increase in resistance to methoxychior and DDT. 

It also appeared to have an increased resistance, but to 
a less degree, to chiordane and parathion. There was no 

difference from the normal in the response to toxaphene 

(5). The CalifornIa strain showed a parallel increase 
In resistance to the DDT analogues, but not materially 

to other insecticides (44). The laboratory-selected 

strains showed the same order of resistance to chlordarie, 

toxaphene, rotenone, and pyrethrum as they did to DDT 

(4, 68). The IDDT-resistant strains developed in the 

University of Illinois laboratories were equally resist- 

ant to methoxychior, and showed some decree of resistance 

to lindane, dieldrin, para-oxon and other insecticides 

(14). Strains which have developed a limited amount of 

tolerance are readily knocked down by DDT but completely 



recover from It, while the thorouh1y resistant strains 

are not knocked down at all (14). 

At Savannah, Georgia, laboratory-selected resistant 

strains lost their resistance if subsequently bred with- 

out exposure to DOT. similar result was obtained with 

field-collected resistant strains at Cornell University 

(54). The resistant strains from iverside, california, 

have proved capable of maintaining their resistance 

unchanged for more than 30 generatIons, and the laboratory- 

selected strains at the University of Illinois have 

maintained their resistance after O generations of free- 

dom from DDT (13). The reversion of resistant strains 

when reared free of the insecticide may be due to a 

residual hetorozygosity in the resistant stock. 

Since the hybrid resulting from a cross between 

resistant and susceptible parents shows an intermediate 

tolerance, the result of the reciprocal cross being 

identical, it is concluded that the genetic factor is not 

a simple sex-linked one. Since the succeeding generations 

of the hybrid show a greater variability in the dosage- 

mortality response than the parent strain, it is concluded 

that multiple genes are involved in the development of 

resistance (13, pp.743-744). 

Resistant strains of mosquitoes have not appeared 

as frequently as in the case of the housefly. Larvae of 
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Culex pipions taken in 1947 from the Pontine marshes near 

Rome, which have frequently been treated with DDT, proved 

to be more t)DT-reslstant than a laboratory strain (51). 

The existence of resistant strains of Anophelos has been 

reported (2), although one species in Mexico (h.. pseudo- 

punct1pennis) was not resistant after 3 years of exposure 

to DDT (41). In 1949, larval populations of Aedes 

taeniorhynchus and A. sollicitans at Cocoa ioach, Florida, 

proved to be resistant to DDT treatments which had ado- 

quately controlled their predecessors in the preceding 4 

years (16). In the saine year, larval populations of 

Culex and Aedes proved resistant to DDT in California. 

DDT-resistant strains of the fruit-moth parasite 

(Macrocentrus aneylivorus) have been developed by labora- 

tory selection in the Dominion Parasite Laboratory, 

3el1evil1e, Canada (13, p.?44). 

Strains of the housefly, resistant to certain other 

chlorinated hydrocarbons, have evolved as readily as DDT- 

resistant strains. A stock that had been bred in a T3HC- 

contaminated laboratory for 28 generations showed resist- 
ance to lindarie and also to DDT and pyrethrins, but in 
lessor decree (9). Another strain, developed in the 

laboratory by exposure of the larvae and adults to lindane, 

gradually developed a resistance to lindane, ehlordane, 

toxaphene, and dieldrin, but not to DDT (14). By repeated 
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treatment of larvae arid adults with the respective in- 

seeticides, strains showing tolerance for dieldrin, papa- 

oxon, and pyrethrins were developed. The strain resist- 

ant to pyrethins (plus piperonyl butoxide) proved to be 

generally tolerant of all insecticides (14). 

In 1951 Grayson (31) reported that a resistant 

strain of the German cockroach had been developed through 

seven generations of selection for survival to treat- 

ments with DT)T and benzene hexachioride. In the seventh 

generation, 2.3 and 4.0 times as much DDT were required 

to kill 50 and 95 per eent, respectively, of the T :DT- 

strain males than of untreated strain males. Similarly, 

14.3 and 7.8 times as much DDVP were required to obtain 

50 and 95 per cent mortalities of the D])? straïn females 

as untreated-strain females. The male and female roaches 

in the benzene hexachloride strain were only slightly 

more resistant in the seventh generation to benzene 

hexaehlorjde than those of the untreated strain. In the 

same year Grayson also reported (32) that the large milk- 

weed bug, after twelve generations of artificial sebo- 

tian with DDT and toxaphene, showed only slight resist- 

ance, Apparently there is no published information on 

populations or strains of the American cockroach which 

have shown abnormal resistance to insecticides. 

Whether repeated exposures to sublethal doses of 
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an insecticide may cause any change in the individual 

tolerance apparently has not been studied to any great 

extent. Reference was made (45) by Melander to the sup- 

posed development of arsenic resistance in individual 

gypsymoth larvae by Glaser, but this work was never 

published. Campbell (15) tried to induce resistance to 

arsenic iii silkworm larvae in 1926 with negative results. 

Hoffman, et al, (37) reported that house flies which 

survived a twice-a-day exposure of DDT were killed much 

more easily than untreated filos when subsequently ex- 

posed to a higher dosage. Beard (7) studied the effect 

of sublethal doses of nicotine, DDT, pyrethrum and 

arsenic on the susceptibility of insects. The results 

did not indicate conclusively that pests acquired sensi- 

tivity as a result of a primary treatment of the in- 

seoticides, as compared with the control. 
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MATERIALS AND METHODS 

Rearing of American Roaches 

The mass rearing of a stock of American roaches 

was started in the spring of 1951. The original insects, 

collected in Portland, Oregon, in 1942 has been cultured 

in the laboratory with no possibility of bein; exposed to 

DDT. The original stock, and later all the adults, were 

kept in a cage, 24" x 24" x 5', which was covered with a 

removable screen top. The cultures were maintained in 

the laboratory at a temperature of 79±5 °F with the 

relative humidity at O ± B per cent. The egg capsules 

were picked from the stock cage by hand twice a week and 

placed in a petri-dish covered with a large-mesh wire 

screen. The petri-dishes were kept in a smaller rearing 

cage (Fis. 1), 20 inches long, 20 inches wide and .5 

inches deep. Three-inch strips of cellulose acetate, 

overhanging the top of this cage, was smeared with a 

thin film of vaseline to prevent the roaches from escap- 

Ing. This rearing cage was kept in a constant tempera- 

ture cabinet. 

The cabinet (Fig. 2) was of wood construction, 

insulated with fibre-board, and equipped with thermostat, 

heating elements and electric fan to maintain a tempera- 

ture of 79 ± 1 SI?. An open pan of water maintained a 



Fig. 3. - Hearing cage for American cockroaches 
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relativo humidity of 88 ± 4 per cent. One or two fibre- 

board shelters as shown in figure 1 were placed in both t 

stock and rearing cages to provide hiding places. 

Potatoes and cheese were used as the standard diet 

for both the adults and the nymphs in the stock and roar- 

Ing cages. Water was provided in an inverted bottle with 

a cotton wick inserted between the bottle and the petri- 

dish. The maintenance of the cultures required. only the 

replenishment of the water and food supplies when noces- 

sary and occasional removal of the debris and feces from 

the floors of the cages. Under the conditions outlined 

above, this method permitted the maintenance of a con- 

stantly replenished laboratory culture of roaches of uni- 

form developmental background. 

The roaches used in the experiments were kept in 

one-pint 'Searit" cartons, 3 3/8 inches in diameter and 

3 inches high, which contained a sheet of toweling paper 

in the bottom to facilitate cleaning. Two small holes 

cut along the upper rim of the container on opposite 

sides were covered with screen and were designed to 

provide ventilation within the container. A smaller 

shelter constructed of cardboard, i 3/4"x 2'x 1f', with 

a space between the tiers of 0.5 inches, was furnished 

in each pint contanor. Only potato was supplied as food 

to the experimental roaches. Vater was provided in a 

moistened piece of cotton in a small syracuse watch glass 
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Fig, 2 - Interior of constant temperature cabinet 
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of i Inch diameter. 

No attempt was made to separato the exact nyraphal 

stages and adults of different ages although the length 

of the metathoracic tibia can be used as a reliable basis 

for determining the degree of development (28). Sexes 

were differentiated on morpiiological differences. The 

malo numph has conspicuous and relatively long styli on 

the ninth abdominal sternum in all the nymphal instars. 

In the female the styli are usually hidden beneath the 

seventh sternum and aro comparatively mue shorter in the 

antepenultimate and penultimate nurnphal instars and non- 

exist in the last instar. 

The biology of the American cockroaches has been 

studIed by Gould & Deay (29) and GIer (28). The follow- 

Ing brief statement Is based upon their reports: 

The perfect egg capsule contains 16 eggs. The 

average number of young to hatch from a fertile capsule 

is 14, The normal rate of oviposition is one capsule 

every week. The number of capsules produced by one 

female may regularly be as high as 30. The embryonic 

development at room temperature requires about 57 days 

and about 30 days at optimum temperature. There aro 

normally 10 nyrnphal instars of gradually increasing 

duration, rang5ng as an average of from 18 days for the 

first instar to 50 days for the tenth. Pn Individual may 



17 

reacn sexual maturity in 7 months under optimum condi- 

tions, but probably in nature the tiie is more nearly one 

year. The body weight approximately doubles between 

ríiolts. The body length and most other linear measure- 

monts increase about 22 per cent between molts. The 

1enth of life of adult females varies from 102 to 588 

days with an average of 450 days. The males are shorter 

lived. Some females live as long as 3 years, American 

roaches of all sizes live together in perfect harmony. 

The temperature preferred by the American cockroach ranges 

from 79 to 82 °F 



Rearing of Large Milkweed Bugs 

In rearing the large milkweed bug for laboratory 

tests, the author followed, more or less, the iethods 

developed by Worthley (71). The stock was originated 

from eggs shipped by Julius ulynan & Co. In September of 

1951. The bugs were reared in glass aquaria (Fig. 3), 

5 3/4 inches wide, 9 3/8 inches long and 7 inches deep. 

A sheet of toweling paper was placed on the bottom and 

around four sides to facilitate cleaning. Water was 

supplied in a similar manner as for the roaches. Milk- 

weed seeds were the only food provided and were collected 

from Southern Oregon in October. A thin film of vaseline 

was applied on the inner side of the top of the aquarium 

and a screen was used to prevent adults frani flying out. 

Ail rearing containers were kept on a shelf under strong 

fluorescent lighting. 

The yellow eggs gradually turn to orange and hatch 

on the 5th or 6th day. The first molt occurs on the 4th 

or 5th day after hatching. The bugs, especially the young 

nymphs, are fond of eating the now-laid eggs and a portion 

of the nymphs aro killed while helpless during molts. 

Adults begin to appear about 25 days after hatching. Mat- 

ing begins 5-12 days after emergence and oviposition 

starts 5-12 days after the first copulation, or 10-17 

days after the emergence. iemales may romain productive 



FIg. 3 - quarium for rearing large milkweed bugs 



as long as two months. In order to have virgin adulta 
for tests, the newly emerged insects were removed from 

the rearing containers every 5 days after the first 
appearance of adults and separated into different con 

tainers according to their sex. 

The adult males can be separated from the adult 
females on the basis of their morphological differences. 
The female pygidium is triangular in outline and cleft, 
whereas that of the male is rounded and shining. In 

addition, the margins of the abdominal sternites are all 
straight in the male, while in the female the posterior 
iargin of the 3rd abdominal sternite is drawn out backward 

into a low, median point. 

Only the virgin adults of the second generation were 

used in the experiment, The adults are large enough and 

sufficiently tough to stand considerable handling in the 

administration of predetermined doses to individual bugs. 

One-pint carton boxes were used for the test lots. 
Escape from the container was prevented temporarily by a 

thin film of vaseline on the inner edge of the top of the 
container and permanently by covering the box with a screen 

lid. Milkweed seeds arid water were provided constantly. 
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it1on and 9jon of Injection Apparatus 

The apparatus for the application of insecticides was 

constructed by the author following the description by 

Heal & Menusan (36) arid modified to sorne extent as necos- 

sitated by the availability of parts. The apparatus con- 

sisted of a micropipette mounted in a vertical position, 

the top of which was connected by the central arm of a 

three-way stopcock to a vertical glass tube in which a 

mercury column may be regulated in height by the manipu- 

lation of a screw-controlled plunger. The arrangement of 

this apparatus is shown in figure 4. 

The micropipette was 13 inches long. A joint to 

receive a hypodermic needle was ground on the lower tip. 

It was found desirable to apply a film of vaseline on 

this joint to provide a tight seal. The pipette used 

most extensively in this work could deliver a total vol- 

urne of 0.2 milliliters in 9 inches of its length which 

was graduated to measure in increments of 0.001 mIlli- 

liters. 

The three arms of the stopcock and the mercury- 

column tube were all of 0.1 inch bore. The mercury- 

column tube was joined to the right arm of the stopcock 

at the top and to the control device at its lower end0 

The left arm of the stopcock was connected to a piece of 

heavy rubber tubing. 
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FIG.4.- INJECTION APPARATUS. 
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The control device consisted of a steel chamber 

with a screw-controlled piston. Two open1ns from the 

chamber perntitted attachment to the mercury-column tube 

and ho mercury reservoir, rezpectively. It was con- 

structed to specification by the work shop of the Oregon 

State College Physics Department. The detail of Its con- 

struction Is shown in figure 5. The piston was 4 nm in 

diameter and operated on a screw of a pitch of 24 threads 

per inch, Graphitecì packing cord was found suitable for 

packing the piston to prevent the escape of the mercury. 

All connections in the apparatus were made by col- 

lars of rubber tubing. 

To cive stability the whole apparatus was mounted 

on a vertical plank supported on a wide base. 

Mercury is introduced into the chamber and column 

to the desired height from the mercury reservoir for whith 

a burette with stopcock is used. When the stopcock is 

closed, the level of the mercury in the column becomes 

directly adjustable with manipulation of the screw- 

controlled plunger. The top of the burette is tightly 

sealed with a rubber stopper to prevent any mercury 

vapor from escape. 

The insecticide was drawn into the pipette through 

the needle by lowering the level of the mercury column. 

In injection, the insecticide was forced from the pipette 
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Fig, 5. - Detail of control device for 
injection apparatus. 
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by pressure oxertad by rais1n the level of the mercury 

column and transmitted through the bridge of air between 

the two. This air bridge prevented any direct contact 

between the insecticide and the mercury column, and Its 

compressibility permItted the instantaneous detection of 

obstructions in the needle or any injections Into tIssue 

rather than the coelorn. For rapid flushing of the 

pipette with cleaning solvent, the stopcock was adjusted 

to connect the central arm. to the loft arm and the flush- 

ing effected by suction through an aspirator. 

The pipette and control apparatus which have been 

described are well suited for studies with the American 

cockroaches and the large milkweed bugs. This apparatus 

was primarily designed for use In bloodstream Injection, 

but the sanie equipment was also satisfactory for applying 

a measured dosage of DDT-solution to the insect Integu- 

ment. For the latter purpose, the tip of a 27-gauge 

needle was made blunt, For injection, a 27-gauge needle 

was used for the American cockroaches and a 30-gauge 

needle wa used for the milkweed bugs. For bloodstream 

injection a very fine copper wire was wound on the needle 

to form a spiral spring. The depth of insertion of the 

needle was adjusted by this wire spring. WIth two 

operators to manipulate the insects and the apparatus, 

accurato bloodstream injections and measured dropa 
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could be made rather rapidly. For American roaches, 

injections were made between the 4th and 5th abdominal 

sternites about half way between the middle of the venter 

arid the left side of the insect. The needle was inserted 

3 mIllimeters and at an angle of about 200 from the sur- 

face. Injections have been reported as successful 

throuh other parts of the insect integument (36). For 

the large milkweed bugs, the injection was niade between 

the last thoracic and first abdominal senents on the 

venter near the left side. In making the injection, the 

conjunctiva between the xnetathoracic and the first abdom- 

mal segment was stretched a little bit before the needle 

was inserted so that when it was withdrawn the inter- 

segniental membrane and the cuticle fell back into placo 

and sealed the puncture. The depth of insertion was not 

more than 2 m, 

The contact tests on the milkweed. bugs wore made by 

placin measured volumes of DDT-acetone solution on the 

dorsal surface of the first abdominal segment and probably 

covering several succeodiri abdominal segments underneath 

the wings. 

The volume of various DDT-preparations was held 

constant as shown in Table 1. The different dosages 

required were obtained by adjusting the concentration of 

DDT in the solvent. The different dosages used in any 
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given experiment are in proportional increment instead of 

equal increment. 

Table 1. --Volumes of DDT preparations used 
for injections and topical applications. 

Injection Topical 

Amorican cockroach DDT-suspension 
.02 ml./g. roach 

Large milkweed bug DDT-peanut oil DDT-acetone 
emulsion solution 

.003 ml./bug .004 ml./bug 

For testing, the roaches were segregated according 

to sex, Each individual was weighed to the nearest 0.1 

gram and injected or treated topically with a specified 

amount of the DDT preparation por 0.1 gram of body weight. 

Pure p, p'-DDT (molting point 10800) was obtained 

from the Geigy Company, Inc., Bayonne, N. J. 

For contact tests DDT was applied as an acetone 

solution. The DDT-suspension was prepared from acetone 

solutions and 0.6 per cent aqueous solution of phthalic 

glycerol alkyl resin1 (by volume) so that the final 

preparation contained 10 per cent acetone. Tse phthalie 

glycerol alkyl resin was used as a cleflocculating agent. 

1. "Triton B l956,' Rhom & Haas Company 
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DDT-peanut oil emulsion was prepared by dissolving pure 

DDT at the rate of 500 mg in 10 ml. of a solution eon- 

sisting of 8 parts of peanut oil and 2 parts of "Triton 

B 1956" by volume. This solution readily formed a stable 

emulsion when diluted with various amounts of distilled 

water. 

Carbon dioxide was used to anaesthetizo the insects 

before injection. Since the original development of this 

technique it has been found that roaches may be imniobil- 

ized conveniently and without effect on their resist- 

arico by anaesthetization with carbon dioxide (67), a 

procedure which has been observed in several other labors- 

tories. Anaesthetization with carbon dioxide offers 

advantages over chillin as a method of immobilization. 

After being anaesthetized the insects were kept cool in 

a glass aquarium surrounded by ice cubes. Complete 

anaesthetjzatjon was necessary in order to avoid bleedin. 
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RESULTS 

Tests on American Cockroaches 

The experiments on the American roaches 
were 

desjéned to test the effects of two factors on individual 

susceptibility to DDT: different time intervals between 

successive injections and different rates 
of increasing 

dosages. 

Nymphal stages of the American cockroach 
wore used 

at the start of the tests, but a few of the survivors 

succeeded in emerging as adults before the completion of 

the experiments. The nymphs used in any test lot were 

approximately of the last 3 nymphal instars. Attempts to 

mark individuals with stains and lacquer, so as to keep 

track of change in body weights after each 
injection, 

were unsuccessful. Stains did not show and the lacquer 

peeled off because of the oily coating of 
the Integument. 

Each sample consisted of 10 individuals in each 

case. The dosage injected was adjusted to the body 

weight. When survivors of the preceding Injection or 

injections were given further injection of increasing 

doso, a new batch of 10 individuals from the stock was 

similarly treated. The results are shown in Tables 2-6 

for the males and in Tables 7-11 for the females. 
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Table 2. --Numbers of survivors of male American 

cockroaches after weeklj injections of incroasing dosages 

of DDT. Dosage rate JT (Nov. 1 througli Dec. 6) 

Dosages in ig per gram of roach 

S ampi e 
2 3.2 5 8 12.7 20 

M-1 iO 9 9 7 7 i 

-1a 10 9 8 7 0 

M-lb 10 10 7 0 

M-le 10 8 0 

M-id 9 0 

M-le 3 

Table 3. --Numbers of survivors of male American 

cockroaches after weekly injections of increasinL? dosages 

of DDT. The dosage rate 2. (Nov. 1 through Nov. 29) 

Dosages in ,g per gram of roach 

Sample 
2 4 3 16 32 

M-2 10 2 0 

M-2a 10 9 2 0 

M-2b 9 4 0 

M-2c 6 0 

M-2d 1 
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Table 4. --Numbers of survivors of male American 
cockroaches after fortnightly injections of increasing 
dosages of DDT. The dosage rate . (Nov. 1, 1951 
through Jan. 10, 1952) 

Dosages in ,ug per gram of roach 
Sample 

2 3.2 5 8 12.7 20 

M-3 10 10 9 9 6 1 

M-3a iol 

M-3b 10 9 8 3 

M-3e 9 7 3 

M-3d 8 3 

M-3e 5 

1. The roaches in this sample escaped the container by 
chewing a part of the upper rim of the carton box. 
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Table 5. --Number5 of survivors of male American 
cockroaches after triweeklyinjections of increasing 
dosages of DDT. The dosage rate . (Nov. 1, 1951, 
through Feb. 21, 1952) 

Dosages in per gram of roach 
s ampi e 

2 3.2 5 8 12.7 20 

M-4 10 9 6* 5 3* 0 

M-4a 10 10 6 4 2 

M-4b 10 8 5 2 

M-4c a 5 2 

M-4d 3 . 3 

M-4e 5 

Table 6. --Numbers of survivors of male American 
cockroaches after successive injections of increasing 
dosages of DDT every 4 weeks. The dosage rate 2 

(Nov. 1, 1951 through Feb. 21, 1952) 

Dosages in ,ug per gram of roach 
S amp le ____________ 

2 4 8 16 32 

M-5 10 10 7 3 1 

M-5a 10 9 6 1 

M-5b 10 7 1 

M-5c 7 4 

M-5d 4 

*Results significant 
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Table 7. -- Numbers of survivors of female American 
cockroaches after weekly injections of increasing dosages 
of DDT. The dosage rate = (Nov. 2 tnrough Nov. 
30) 

Dosages in ,ug per grani of roach 
Sample 

B 11 15 20 27.2 

F-1 i O 9 6 2 0* 

F-la 10 5 2 0* 

F-lb 9 2 1 

F-ic 6 1 

F-ld 4 

Table 8. --Numbers of survivors of female American 
cockroaches after weekly injections of increasing dosages 
of DDT. The dosage rate : (Nov. 2 through Nov. 30) 

Dosages in ,ug per gram of roach 
Sample 

8 13 20 32 50 

F-2 10 8 3 0 0 

F-2a B 2* 0 0 

F-2b 7 2 0 

F-2e 3 0 

F-2d 3 

*Reaults significant 
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Table 9. --Numbers of survivors of female American 
cockroaches after fortnightly injections of increasing 
dosages of DDT. The dosage rate = (Nov. 2, 1951, 
through Jan. 11, 1952) 

Dosages in ,ug per gram of roach 
S amp le 

8 11 15 20 27.2 36.8 

F-3 10 8 7 5 2 1 

F-3a 8 8 3 3 0 

F.-3b 9 4 3 1 

F-3e 6 4 1 

F-3d 5 3 

F-3e 3 

Table 10. --Numbers of survivors of fenialo American 
cockroaches after triweekly injections of increasing 
dosages of DDT. The dosage rate : (Nov. 2, 1951 
through Jan. 25, 1952) 

Dosages in ,ig per gram of roach 
Sample 

8 11 15 20 27.2 

F-4 10 9 4 l*-- i 

F-4a 9 8 5 0* 

F-4b 8 5 2 

F-4c 7 4 

F-4d 5 

* Results significant 
**Results highly significant 
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Table 11. --Numbers of survivors of female American 
cockroaches after successive injections of increasing 
dosage of DDT every 4 weeks. The dosage rate -,J. 
(Nov. 2, 1951 through Jan. 25, 1952) 

Dosages in 1ug per gram of roach 
Sample_______________________________________ 

8 13 20 32 

F-5 lo 8 3 0* 

F-5a 9 5 2 

F-5b 7 4 

F-5c 5 

*Results significant 

The difference between the number of survivors in 
those samples which had received one or more injections, 

and that sample which received the first injection at 

any particular dosage level, was used as the criterion 

for evaluating the change in individual susceptibility. 
If the difference was zero, it indicated no change in 

susceptibility. A positive difference indicated that the 

resistance was built up due to previous injections and, 

conversely, a negative difference showed that the 
sensitivity was increased by previous injections. The 

exact test of independence for a 2x2 contigency table for 
small samples was applied to test the significance of 

difference (24, pp.96-97). The numerical data in Table 5 
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were used to Illustrate the methods of statistical 

analysis. In the sample M-4b, after the first injection 

of 5 ,u/g. of roach, all 10 individuals of that sample 

survived, whereas in the sample M-4, after three in- 

jections of 2 ,ig/g. of roach to 5 ).i/g. of roach, 

there were only 6 survivors. The negative difference, 

6 - 10= -4, indicated that the roaches were weakened 

due to the previous injections of DDT. Whether this 

difference is statistically significant or not is 

further tostad as follows: 

Sample Dead Alive Total 

M-4 4 6 10 

M-4b O 10 10 

4 16 20 

The probability is calculated as follows: 

I) = 4 16L lOt lOt r _ i 
20 - L 4L OL 6 10'. 

= 0.043 

Since P = 0.043<0.05, the difference in question 

is considered significant. In a similar manner, if the 

P valuo is less than 0.01, the difference would be con- 

sidored highly significant. 

Two check samples of 10 male nymphs and 10 female 

nymphs respectively were injected at weekly intervals 
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with an aqueous solution containing 10 per cent acetone 

arid 0.6 per cent of phthalic glycerol alkyl resin (by 

volume). After 10 injections, none had died and all 

individuals wore apparently normal. This indicates 

that the injection technique itself and the medium 

used for making the DDT suspensions did not produce any 

apparent harmful effect on the roaches. 

The data were fairly consistent in showing less 

survivors in the samples which had received the greater 

number of applications of DDT. The data on the number of 

survivors shown in the 6th column of Tables 13-15 and 

from Tables 17-19, did riot show conclusively that there 

should be more survivors in the samples which have longer 

intervals between successivo injections. Probably if 

the interval exceeds a minimum period, in this case one 

week, the effect will not show up in the number of the 

survivors. Although DDT acts slowly on cockroaches, an 

interval of one week was long enough to decide the end 

point of the toxicity. 

Similar results were obtained with different rates 

of increasing the dosage and with different initial 

doses given to any one sample. 

The results of tests 1 through 10, which wore in 

close agreement in most cases, have been averaged for 

each dosage for all intervals and are listed in the last 
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Table 12. --Percentage of survivors of male 
American cockroaches after first injection of 
DDT on different dates. 

Dosage Samples Date of No. of Ave.% 
injections survivors survivors survi- 

roach vors 

M-1 Nov. 1 10 100 
M-2 H 100 

2 M-3 t, 10 100 100 
M-4 u ' 100 
M-5 n 10 100 - 
M-la Nov. 8 10 100 

3.2 M-3a Nov. 15 10 100 100 
M-4a Nov. 22 10 100 
M-2a Nov. 8 10 100 

4 M-5a Nov. 29 10 100 100 
M-lb Nov. 15 10 100 

5 M-3b Nov. 29 10 100 100 

- M-5b Dec. 13 10 100 
M-lc Nov. 22 10 100 
M-3e Dec. 13 9 90 

B M-4e Jan. 3 8 80 90 
M-2b Nov. 15 9 90 
M-5b Dec. 27 9 90 
M-Id Nov. 29 9 90 

12.'7 M-3d Dec. 27 8 80 83.3 
M-4d Jan. 24 3 80 

M-2c Nov. 2 6 60 
65 M-5c Jan. 24 7 70 

M-le Dec. 6 3 30 
20 M-3e Jan, 10 5 50 43.3 

M-4e Feb, 21 5 50 

M-2d Nov. 29 1 10 
32 M-5d Feb. 21 4 40 25 



Table 13, --Percentage of survivors of male American cockroaches after 
second injection of DDT on different dates and with different dosage rates and 
different intervals between injections. 

Dosage Dosage Intervals Sample Date of No. of Average % 
,ug/g. rate between injec- survivors survivors survivors 

injections tions 
-- ---- --- 

i week M-1 Nov. 8 9 90 
3,2 2 weeks M-3 Nov. 15 10 100 93.3 

3 weeks M-4 Nov. 22 9 90 
week M-2 Nov. 8 9 90 95.0 

4 2 
4 weeks M-5 Nov. 29 10 100 

5 3I l'woek M-la Nov. 15 9 90 95 o -J 3 weeks M-4a Dec. 13 10 100 

I week M-lb Nov. 22 10 100 
8 2 weeks M-3b Dec. 13 9 90 90,0 

3 weeks M-4b Jan. 3 8 80 - - 
i week M-2a Nov. 15 9 90 

8 2 4 weeks M-5a Dec. 27 9 90 

i week Nov. 29 8 90 
12.7 :/: 2 weeks M-3c Dec. 27 7 70 66.7 

3 weeks M-4c Jan, 24 5 50 

16 2 
i week M-2b Nov. 22 4 40 
weeks M-5b Jan. 24 7 70 

1 week M-id Dec. 6 0 0 
20 2 weeks M-3d Jan. 10 3 30 20.0 

3 weeks .M-4d Feb. 21 3 30 
i week M-2c Nov. 29 0 0 

32 2 4 weeks M-5e Fob. 21 4 40 _____ 



Table 14. --Percentage of survivors of malo American cockroaches after third 
injection of DDT on different dates and with different dosage rates and different 
intervals between injections. 

Dosage Dosage Intervals Sample Date of No. of Average 
pg/g. rate between injec- survivors survïvors survivors 

injections tions 

I week M-1 Nov. 15 9 90 
5 2 weeks M-3 Nov. 29 9 90 80 

3 weeks M-4 Dec. 13 6 60 

i week M-la Nov. 22 8 80 
3 weeks M-4a Jan. 3 8 30 

8 
lweek M-2 Nov. 15 9 90 

2 4 weeks M-5 Dec. 27 7 70 

1 week M-lb Nov. 29 7 70 
12.7 2 weeks M-3b Dec. 27 8 80 66.7 

3 weeks M-4b Jan. 24 5 50 - 
i week M-2a Nov. 222 20 

40 16 2 weeks M-5a Jan. 24 6 60 

1 week M-le Dec. 6 0 0 

20 /i 2 weeks M-3e Jane 10 3 30 16.7 
3 weeks M-4e Feb. 2]. 2 20 

i week M-2b Nov. 29 0 0 
5 32 2 

4 weeks M-5b Feb 21 1 
- 

10 



Table 15. --Percentage of survivors of male American cockroaches after 

fourth injection of DDT on different dates and with different doìage rates 

and different intervals between injections. 

Dosage Dosage Intervals Sample Date of No. of % Average 

)2g/g. rate between injec- survivors survivors 

injections tions survivors 

1 week M-1 Nov, 22 r, 70 

0.0 2 weeks M-3 Dec. 13 9 90 70 

3 weeks M-4 Jan. 3 5 50 

12 7 
1 week M-la Nov. 29 7 70 55 

3 weeks M-4a Jan. 24 4 40 

- i week M-2 NOV. 22 2 - 20 25 
16.0 2 4 weeks M-5 Jan. 24 3 30 

i week M-lb Dec. 6 0 0 

20.0 2 weeks M-3b Jan. 10 3 30 16.7 

3 weeks M-4b Feb. 21 2 20 

i 
32.0 2 

week - M-2a Nov. 29 0 0 
5.0 

4 weeks M-Sa Feb. 21 1 10 
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Table 16. --Percentage of survivors of female 
American cockroaches after first injection of DDT on 
different dates. 

k 

Dosage Samples Date of No. of Average 
,ug/g. injec- survi- survi- survivors 
roach tions vors Vors 

F-1 Nov. 2 10 100 
F-2 Nov. 2 10 100 

8,0 F-3 Nov. 2 10 100 100 
F-4 Nov. 2 10 100 
F-5 Nov. 2 lO 100 

F-la Nov. 9 10 100 
11.0 F-3a Nov. 16 8 80 90 

F-4a Nov. 23 9 90 
F-2 

13.0 Nov. 9 8 80 
F5 Nov. 30 9 90 

F-lb Nov. 16 9 90 
15.0 F-3b Nov, 30 9 90 86.7 

F-4b Dec. 14 8 80 

F-ic Nov. 23 6 60 
F-3e Dec. 14 6 60 

20.0 F-4c Jan. 4 7 70 66 
F-2b Nov. 16 7 70 
F-5b Dec. 28 7 70 

F-id Nov. 30 4 40 
27,2 F-3d Dee, 28 5 50 46.7 

F-4d Jan. 25 5 50 

F-2e 
32.0 Nov, 23 3 30 

40 O F-5e Jan. 25 5 50 

36.8 F-3e Jan. ii 3 30 30,0 

50.0 F-2d Nov. 30 3 30 30.0 



Table 17. --Percentage of surv1vor of female AmerIcan cockroaches after 
second injoction of DET on dIfferent dates and with different dosage rates 
arid dIfferent intervals between injectIons. 

Dosage Doèage lnti1s Sample teof No. of % rage3 
;ug/g. rato between injec- survi- survivors survivors 

Injections tions vors 

i week F-1 Nov. 9 9 90 
11.0 2 weeks F-3 Nov. 16 8 80 86.7 

3 weeks F-4 Nov. 23 9 90 

r! o ). i-T i week F-2 Nov. 9 8 1O 
o 

/ s) 
weeks F-5 Nov. 30 8 80 

i week F-la Nov. 16 5 50 
15.0 /--:5 2 weeks F-3a Nov. 30 8 80 70.0 

3 weeks F-4a Dec. 14 8 80 
iweek F-lb Nov. 23 2 20 
2 weeks F-3b Dec. 14 4 40 

20.0 3 weeics F-4b Jan, 4 5 50 36,0 

2.. 
ii&;E F-2a Nov. 16 2 20 

weeks F-5a Dec. 28 5 50 
_______ 

- T1ï-le Ïó0 i 10 
27.2 ì-:- 2 weeks F-3c Dec. 28 4 40 30.0 

3 weeks F-4c Jan. 25 4 40 

32.0 
I week F-2b Nov. 23 2 20 30.0 
4 weeks P-5b Jan. 25 4 40 

week F-C rov. 



Table 13. --?ercenta ot survivors of female American cockroaches after 
third injection of DDT on different dates and with different dosage rates 
and different intervals between injections. 

Dosage Dosage Im ervals Sap1e Date of No.of AveraCe 
,ug/g. rate between injec- surv- survivors survivors 

injections tians vors 

i week F-1 Nov. 16 6 60 
15.0 /-;--5 2 weeks F-3 Nov. 30 7 70 63.3 

3 weeks F-4 Dec. 14 4 40 

i we F-la Nov 2 3 2 20 
/-:-; 2 weeks F-3a Dec. 14 3 30 

3 weeks F-4a Jan. 4 5 50 
20 O --- -__--*- --j-- - 

/-_ :i week F-2 Nov. 16 3 30 
.j 4 weeks F-5 Dec. 28 3 30 

i week F-lb Nov. 30 1 10 
27.2 2 weeks F-3b Dec. 28 3 30 20.0 

3 weeks F3b Jan, 25 2 20 

1 week F-2a Nov, 23 0 0 
32.0 

4 weeks F-4a Jan. 25 2 20 

36.8 2 weeks F-3c Jan. 11 1 10 10.0 

50.0 1 week F-2b Nov, 30 0 0 0.0 



Table 19. --Percentage of survivors of female American cockroaches after 
fourth injection of DDT on different dates and with different dosage rates and 
different intervals between injections. 

Dosage Dosage Intervals Sample Date of No. of Average 
g/g. rato between mice- suiwi- survivors survivors 

injections tions vors 

1 week F-]. Nov, 23 2 20 
20.0 2 weeks F-3 Dec. 14 5 50 26.7 

3 weeks F-4 Jan. 4 1 10 

i week F-la Nov. 30 0 0 
27.2 2 weeks F-3a Dec. 28 3 30 10.0 

3 weeks F-4a Jan. 25 0 0 

i week ?-2 Nov. 23 0 0 32.0 2.5 
4 weeks F-5 Jan, 25 0 0 0.0 

36.8 2 weeks F-3b Jan. 11 1 10 10.0 
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colunins of Tables 13-15 and 17-19 and summarized In 

Tables 20-21. 

For convenience In comparing the effect of the 

different numberor injections, the data were plotted as 

log dosages In mIcroranis per grani of roach versus per 

cent survivors on the probit scale (Fig. 6 and 7). The 

probit-log dosage lines were plotted by eye and the 

LP50 dosaes were estimated by inspection. Since those 

data were not subjected to statistical refinement by 

applying the appropriate woits and corrections, tho 

50 must be considered an estimate 1ackin in sorne pre- 

cislon. The estjrìtated LD5Q dosages were listed in the 

last row of Tables 20 and 21 for males and females, 

respectively. 

A usual dosage mortality test was conducted to 

determine the LDc of the normal males and females. The 

results were listed in Table 22 and probit-log dosage 

lines shown in Figure 8. The data are in very close 

agreement with those In Tables 12 and 16. The latter 

were pooled results from experimente conducted on differ- 

ent dates. This close agreement is probably due to the 

fact that all experimental roaches were kept ifl a cabinet 

having quite rigidly controlled temperature and humidity. 

This should justify the procedures for pooling the 

results from different dates as listed in Tables 20 & 21. 
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Table 20. --A sumniary of the over-all averages 
of the percentage of survivors of male American 
cockroaches after different numbers of injections 
of DDT. 

Dosage Number of injections 

1ug/g. roach 
1 2 3 4 

2.0 100 

5.2 100 93.3 

4.0 100 95.0 

5.0 100 95.0 30.0 

8.0 90 90.0 80.0 70.0 

12.7 83.3 66.7 66.7 55.0 

16.0 65 55.0 40.0 25.0 

20.0 43.3 200 16.7 16.7 

32.0 25.0 20.0 5.0 5.0 

LD50 19.5 16.2 12.4 11.1 



Table 21. --A summary of the over-all averages 
of the percentage of survivors of female American 
cockroaches after different numbers of injections 
of DDT. 

Dosage Number of injections 
,ug/g. roach _______________________________________ 

1 2 3 4 

8.0 100 

11.0 90 86.7 

13.0 85 80.0 

15.0 86.7 70.0 63.3 

20.0 66.0 36.0 32.0 26.7 

27.2 46.7 30.0 20.0 10.0 

32.0 40,0 30.0 10.0 0.0 

36.8 30.0 30.0 10.0 10.0 

50.0 30.0 0.0 0.0 

LD50 26.0 21.2 15.3 12.2 
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i injection 

o ----- 2 Injections 

3 injections /... 
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2 3 4567810 20 30 

Dosage on logarithmic scale 

Fig. 6. - Probit-log dosage lines for male roaches 
after different numbers of injections. Based on 

data from Table 20. 
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Fig. 7. - Probit-log dosage lines for female roaches after 
different numbers of injections. Based on data from Table 21. 
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Table 22. --Percent mortality of American roach- 

es after injection of DDT-suspension. 

Dosage Male adults Male nymphs 
1ugJg. roach 

Check -- 

12.7 -- O 

16.0 -- 10 

20.0 -- 30 

32.0 -- 90 

Female adults Female nymphs 

Check 0 

13.0 10 10 

20.0 40 30 

27.2 60 40 

36.8 80 60 
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Fig. 8. - Probit-log dosage lines for adults and nymphs of 
the American roach. Based on data from Table 22. 
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Tests ori Large Milkweed Bugs 

The large milkweed bugs used in the dosage mortal- 

Ity experiment were selected from groups of' I - 12 day 

old adults. The body weight of the males had an average 

of 46.3 ing and that of the females had an average of 

55.3 mg. In all cases, the volume of injected solutions 

was kept constant at 3 cubic millimeters U8in: a DDT- 

peanut oil emulsion. The dosage in terms of micrograms 

per gram of bug was figed on the assumption that the 

average body weight was equal to 50 mg. Since the body 

weight varies, the actual amount of DDT Injected into 

each bug and the concentration of DDT in the emulsion are 

also expressed in the tables. Six concentrations were 

used, the dosage ratio being 1.2. Observations of in- 

jected bugs were made daily for 10 days. The final, or 

10th day count, was used as the end result. The individ- 

uals in the check samples were injected with peanut oil 

emulsion containing 3.6 por cent peanut oil and 0.9 per 

cent of !ITriton 13 1956" (by volume), which corresponds 

to the peanut oil and "Triton B 1956" concentrations In 

the highest DDT dosage. The mortality data aro shown in 

Tables 23 and 24 for males and females, respectively. 

The data were also plotted on logarithmic probability 

paper, as shown in FIg. 9, and LD50 dosages were esti- 

mated accordingly. The median lethal doses for males and 

females were almost identical. 



Table 23. --Percent mortality of male milk- 
weed bugs after injection of DDT-peanut oil emulsion. 

Sample . Dosage mortality 
Bugs 

ig/g.bug Conc.DDT DDT/bug 
emulsion 1ug. 
mg/ini 

Check 20 - - - O (0%) 

M-i 20 54 0.O 2.71 2 (10%) 

M-2 20 65 1.08 3.25 5 (25%) 

M-3 20 73 1.30 3.90 11 (55%) 

M-4 20 94 1.56 4.68 14 (70%) 

M-5 20 112 1.87 5.62 17 (35%) 

M-6 20 135 2.25 6.74 19 (95%) 
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Table 24. --Percent mortality of female milkweed 
bugs after injection of DDT-peanut oil oniulsion. 

Dosage íortality 
Sample No. 

Bugs Cone.DDT DDT/búg 
ig/g.bug emulsion 

mg/ml 

Check 20 - - - O (0%) 

F-1 20 54 0.90 2.71 2 (10%) 

F-2 20 65 1.08 3.25 (30%) 

F-3 20 78 1.30 3,90 10 (50%) 

F-4 20 94 1.56 4.68 13 (75%) 

P-5 20 112 1.87 5.62 18 (90%) 

F-6 20 135 2.25 6.74 20(100%) 
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Fie. 9. - Probit-log dosage lines foi' large milkweed bugs by 

injection of DDT. Based on data from Tables 23 and 24. 
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For the study of the effect of successive injec- 

tions on individual susceptibility, a sample consisting 

of 20 individuals was used in each case. The individuals 

in the check samples were given injections of emulsion 

containin. 3,6 per cent peanut oil and 0.9 per cent 

"Triton B 1956." After the second injection, two males 

and one female died apparently of natural causes. This 

loss was not great enough to influence the results, 

since only one check for males and one for females was 

used for the entire series of experiments. The results 

are shown in Tables 25 and 26. Again, the individual 

susceptibility was increased because of previous injec- 

tions, although none of the differences between survival 

rates were statistically significant. 

Dt)T-acetone solution was used for the contact 

experiment on the large milkweed bug. Measured drops 

were applied to the bugs which were not previously 

anaesthetized with CO2. The dosage mortality data are 

listed in Tables 28 and 29 for males and females, 

respectively, and probit-log dosage lines are shown in 

Figure lO. There is an abrupt change of slope at the 

dosage of 40 ,ug per gram of bug. The LD50 dosages were 

estimated from the upper section of the curve. 

For the study of the effect of repeated applicatitìs 

of measured drops of DDT solution on individual 
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susceptibility, a sample consisting of 25 adults was 

used in each case. Pure acetone was applied to the 

individuals in the check sarnpleQ The results are shown 

in Tables 30 and 31 for males and in Tables 32 and 3 

for females. The data in Tables 31 and 33 wore plotted 

on logarithmic probability paper, as shown in Figures 

li and 12 for males and females, respectively. The 

approximate LD50 dosages were estimated from these lines 

except those for the first application, which were, 

instead, estimated from the upper section of the lines 

in Figure 10. 

In Tables 30 and 32 lt can be seen that signifi- 

cant results wore obtained only after the administra- 

tion of the fourth dosage level (21 ig/gm.). In other 

words, the first three dosage levels were too low to 

effect a significant chango In tolerance in the Individu- 

al bu;s. 

A numerical example for testing the significance 

of the difference between two survival rates by the 

Chi-square method is shown below: 

Sample Dead 1ive Total 

M-1 20 5 25 

M-le 2 23 25 

22 28 50 
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From Table 30, sample M-1, 5 indIviduals survived 

after 4 applications of DDT-acetone solution, whereas 

there were 23 survivors in sample M-le after the first 

application of DDT-acetono solution at the same dosage 

level (21 /g ). The Chi-square value is thus: 

(20 x 23 - 5 x 2)2 x 50 Chi-square 
22 x 28 25 26.3 wIth 

one degree of freedom. Since Chi-square 26.3> 6,35, 

the difference between the two survival rates is highly 

significant. If Chi-squaro is larger than 3.84 but 

smaller than 6.35, then the difference is considered as 

significant. These cases are marked by asterisks in 
the table. 

Table 25. --Numbers of survivors of male 
milkweed bugs after successive injections of 
increasing dosage of DDT-peariut oil emulsion 
every 10 days. The dosage rate 1.20. (Jan. 
17 through Feb. 6) 

Dosages in g per gram of roach 
Sample______________________________________ 

54 65 78 

M-1 18 18 4 

M-la 13 6 

Check 20 13 lB 
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Table 26. --Numbers of survivors of female 
milkweed bugs after successive injections of 
increasin, dosage of DDT-peanut oil emulsion every 
10 days. The dosage rate = 1.20. (Jan. 17 through 
Feb. 6) 

Dosaes in ug per gram of roach 
S ample 

54 65 73 

F-1 18 15 7 

F-la 16 6 

F-lb 9 

Check 20 19 19 

Table 27. --Percentage of survivors of milk- 
weed bugs after different numbers of injections of 
Increasing dosage of DDP-peanut oil emulsion every 
10 days. The dosage rate - 1.20. 

Number of injections 
Dosage_____________________________________________ g/g.bug 

1 2 1 2 

iale Female 

54 90 - - -- 90 -- -- 

65 90 90 -- 80 75 -- 
78 45 30 20 45 30 35 
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Table 28. --Percent mortality of male milk- 
weed bugs after application of measured drops of 
DDT solution. 

Sample No. bugs Dosage Mortality 
,u/g.bug 

Check 20 -_ O (0) 

M-1 20 7 0 (0%) 

M-2 20 10 0 (0%) 

M-3 20 15 1 (5%) 

M-4 20 21 2 (10%) 

M-5 20 30 3 (15%) 

M-6 20 43 4 (20%) 

M-7 20 60 13 (65%) 

M-8 20 85 19 (95%) 

M-9 20 120 20 (100%) 
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Table 29,, --Percent mortality of female milk- 
weed bugs after application of measured drops of 
DDT solution. 

Sample No. bugs Dosage Mortality 
,Ag/g.bug 

Check 20 -- 0 (0%) 

F-]. 20 7 0 (0%) 

F-2 20 lO 1 (5%) 

F-3 20 15 1 (5%) 

F-4 20 21 2 (10%) 

F-5 20 30 2 (10%) 

F-6 20 43 3 (15%) 

F-7 20 60 7 (35%) 

F-8 20 85 15 (75%) 

F-9 20 120 20(100%) 
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FIg. 10. - Probit-log dosage lines for large milkweed bugs by 
topical application of DDT. Based on data from TableS28 and 29. 
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Table 30. --Numbers of survivors of male milk- 
weed bugs after weekly applications of measured drops 
of increasing dosage of DDT. The dosage rate 2. 

(Jan. 17 through Feb. 28) 

Dosages in ,ug per gram of roach 
Sample 

7 10 15 21 30 43 

M-1 

M-la 

M-lb 

M-le 

M-id 

M- le 

Check 

24 22 

25 

25 25 

22 

22 

25 

5** 

12* 

16* 

23 

0* 

4* 

7* 

19 

21 

24 22 22 

* Results significant 
** Results highly significant 

o 

0* 

3* 

5 * 

8* 

20 

21 



Table 31. --Percentage of survivors of malo 
milkweed bugs after different numbers of weekly 
applications of measured drops of increasing dosage 

mrm 
'J LILI L 

Number of applications 
Dosage 
yg/g. bug -- 

1 2 3 4 5 

7 96 -- -- -- -- 

lo loo 88 -- -* -- 

15 100 88 38 -- -- 

21 92 64 48 20 -- 

ZiO 84 76 28 16 0 

43 80 32 20 12 0 

Check 100 lOO 96 88 88 

LD50 54 40 24 4.2 -- 
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Fig. 11. - Problt-log dosage lines for male large milkweed 
bugs after different numbers of topical applications. Based 

on data from Table 31. 
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Table 32. --Numbers of survivors of female 
milkweed bugs after weekly applications of measured 
drops of increasing dosages of DDT. The dosage rate 

J. (Jan. 17 through Feb. 23) 

Dosages In ,ug per gram of roach 
Sample 

7 10 15 2]. 30 43 

F-1 24 23 22 13* 10* 6* 

F-la 23 23 21 10* 5* 

F-lb 24 23 20 6* 

F-le 24 21 10* 

F-id 23 10 

F-le 20 

Check 25 24 24 24 24 20 

* Results significant 
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Table 33. --Percentage of survivors of female 
milkweed bugs after different numbers of weekly 
applications of measured drops of increasing dosages 
of DDT. 

Dosage Number of applications 
Lig/g. 

bug 
1 2 3 4 6 

7 96 -- -- -- -- -- 

10 92 92 -- -- -- -- 

15 96 92 88 -- -- -- 

21 96 92 84 52 -- -- 

30 92 84 80 40 40 -- 

43 80 40 40 24 20 24 

Check 100 96 96 96 96 80 

LD50 64 44 39 22.3 -- -- 
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DETERMINATION OF CYTOCHROME OXIDASE ACTIVITY 

Sacktor (9) found that DDT and its methoxy analog 

inhibited the respiratory enzyme, cytochrome oxidase, 

in mammalian heart tissue and in house flies. The 

same author reported (60) that the Ellenville resist- 

ant strain of house flies had a greater oxidase activity 

than did the normal strain. The average activity rate 

for all ages of the resistant flies was 64 and 36 per 

cent higher for the females and males, resoectively. 

Sacktor suggested that one of the explanations for the 

resistance of house flies to DDT may be a greater cyto- 

chrome oxidase activity in the resistant individuals. 

The purposes for determining the cytochrome 

oxidase activity of the American roaches was to ascertain 

whether differences existed between the male and female 

roaches and whether the survivors in those samples 

which had received a number of increasing dosages of 

DDT also had higher cytochrome oxidase activity. 

Me t h od s 

The normal adult roaches of both sexes used for the 

determination of the cytochrome oxidase activity were of 

approximately the same age. They had been reared and 

kept in the constant temperature cabinet and all had 

matured within two weeks. Two adult roaches of each 
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sex were used for a determination. Each determination 

was conducted in duplicate. 

Adult roaChes were immobilized in a deep freezer 

for about 4 minutes and then homogenized, two at a time, 

in about 20 ml. of iced, glass-redistilled water for 

2- minutes in a Waring blender. The total amount of 

homogenate was made up to 2 ml. and straïned through 

a double cheese cloth to remove gross particles. There- 

after, it 'as kept in an ice bath. Immediately before 

the experimental run, i ml. of the stock homogenate 

was diluted according to the fresh body weight so that 

0.5 ml. of the diluted homogenate would contain 2 mg. 

of the fresh roach body tissues. A 0.5 ml. aliquot of 

the diluted homogenate, corresponding to 2 mg. of fresh 

roach tissues, was used in each determination. 

The cytochrome c used in the experiments was ob- 

tamed from the Sigma Chemical Co. The stock solution 

was made by dissolving 101.4 mg. of cytochrome c in 

Sorenson phosphate buffer of pH 7.4 and making up to 

loo na. with glass-redistilled. water. The final con- 

centration of the buffer was thus 0.01 M. The stock 

solution was stored in a refrigerator. For determina- 

tion the stock solution of cytochrome e was diluted 

with 0.01 M. phosphate buffer of pH 7.4 to such con- 

centration that, when completely reduced, a constant 
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octical density reading of 0,67 was obtained in a Model 

B Beckman spectrophotorneter at the wave length of 47 

The cytochrorne c was completely reduced with several crys- 

tals of dry sodium hydrosulfite and the excess hydrosulfite 

oxidized by aeration. To 2. ml. of the diluted cytochrome 

c solution in a i ein. absorption cell was added 0.5 ml. of 

the diluted homogenate. The contents of the vessel were 

mixed and the reading of optical density, log('o), was 
I 

taken, beginning i minute after the additiün of the horno- 

genate and continuing at I minute interval for 5 minutes. 

Finally, in order to obtain the optical density reading of 

the oxidized cytochrome e, log () , 0.1 ml. of 
I 

l0 M. potassium ferricyanide solution was added to 

oxidize the cytochrome e completely. 

A small correction to the value of log (jg)o had. to 
I 

be made, due to the addition of 0.1 ml. of potassium ferri- 

cyanide. The increased density caused by the homogenate 

did not interfere with the calculation of the rate of the 

reaction, since the turbidity ol' the homogenate remained 

constant during any determination. This is corrected for 

by the subtraction of the infinity value from the log(s) 
I 

for any time. The 0.01 M phosphate buffer of pH 7.4 was 

used in the blank in each case. 

1. The absorption of reduced cytochrome e was always 
maximum at 547 n;ti. As the wave length of this spectro- 
photometer was not calibrated, this wave length must 
correspond to the literature value of 550 mjl. 
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The same total cytochrorne c concentration was 

used for all deternLinations for reoroducible results. 
The system was rendered in stich a way that the sub- 

strate was always in excess and the cytochrorne oxidase 

was the only limiting factor. 

The determination of cytochrome oxidase activity 

is based upon the rate of oxidation of reduced cyto- 

chrome e. The alpha band of reduced cytochrome c has 

a sharp absorption maximum at the wave length of 550 mp. 

As the reduced cytochrome e is oxidized, the optical 

density decreases; the rate of decrease is a measure of 

oxidase activity. Oxidized cytochrome e shows sorne 

absorption at 550 mp., so that the observed values 

really measure the decrease in density due to the dis- 

appearance of reduced cytochrome c, as well as a slight 

increase due to the accumulation of oxidized cyto- 

chrome c. For a mixture of oxidized and reduced cyto- 

chrome e the relationship between light absorption and 

concentration is expressed by the equation: 

log('o) [CyFe) x L -i- 0ECyFe) L 
I 

in which and0 are the extinction coefficients of 

reduced and oxidized cytochrome c respectively, and 

L is the length of the absorption cell. Rethiced 

cytochrome c is denoted by CyFe and the oxidized 

form by CyFe** . The brackets ( i denote concentration. 
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A!ter all the cytochrome e has been oxidized, the rela- 

tionship between light absorption and concentration is 

expressed by the equation. 

log() = cYt) ,'c L, 

in which Cy is the total concentration of cytochrome 

e and is also equal to the concentration of the complete- 

ly reduced cytochrome e or completely oxidized cyto- 

chrome e. By combining the above two equations, the con- 

centration of reduced cytochrome c at any timo is: 

fcyFeJ log(F) -iog() 
î 

/? ' 

The fundamental equations for evaluating the cyto- 

chrome oxidase activity were derived by Haas, et al. (33) 

and. &itsChUl, et al. (1). As shall be shown experimental- 

ly, the rate of oxidation of reduced cytochrome e is 
directly proportional to the concentration of cyto- 

chrome e and cytochrome oxidase. The proportionality is 

expressed in the following rate equation: 

: K' (CyFe'j (E) 

or d i o g1O (Ç1 : K' K [i J 
dt 2.3 

in which K' and K are constants and E) denotes the con- 

centration of' enzyme. In any one experiment the oxidase 
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t- concentration Ej does not vary and d log &CyFe ) /dt, 

therefore, remains constant during the course of the re- 

action. 

The plottïng of log (cyFeì against time, t, 

gave a straight line. The results of the determination 

of the cytochrome oxidase activity of the male cock- 

roaches in a check sample, which had received 10 

injections of an aqueous solution containing 10 per cent 

of acetone and 0.6 per cent of phthalic glycerol alkyl 

resin, are listed In Tables 34-36 and shown In Figures 

13 and 14, When the number in column (VI) was plotted 

against the number in column (I) in each table, a 

straight line was obtained in each case (Fig. 13). 

The activity of the enzyme was determined by the slope 

of the line in such a plot. A plot of slopes of such 

straight lines obtained for different oxidase concentra- 

tions against the enzyme concentrations also gave a 

straight line. This relationship is shown in Figure 14, 

in which slopes or values of d log @yFet) /dt obtained 

for different enzyme concentrations appear as functions 

of the added enzyme. A cytochronie oxidase unit of ac- 

tivity is defined as that amount of oxidase which gives 

a value of 1 min for - d log (CyFe /dt during the 

starting five minutes. 
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Results 

Results of the determinations of cytochrorne oxi- 

dase activity in normal adult roaches, and in those 

which had survived one or more exposures to DDT, are 

listed in Tables 57 and 38. In the normal adults, the 

cytochrorne oxidase activity of the maie roaches was 

55 per cent higher than that of the female roaches. The 

cytochrome oxidase activity of the roaches which had 

survived one or more DDT injections was, on an average, 

40 and 33 per cent lower than that of the normal roaches 

for males and females, respectively. 



Table 34. --The calculation of the cytochrome oxidase activity of male 
American cockroaches. 2 mg. of roach tissue used in the homogenate. 

Time (CyFeJ ¿ Log CyFej 
Log(o) I Ave. Moles/cc. tg(CyFéJLog(OyFj 't Min. I 

io 

(I) (II) (III) (nr) (V) (VI) (VII) (VIII) 

o 1.987* 1.298 
1 .628 .62 .624 1.880 1.274 .024 .024 
2 .616 .59 .606 1.754 1.247 .051 .025 

.584 .582 .58 1.663 1.219 .079 .026 
4 .574 .56 .567 1.574 1.196 .102 .025 
5 .55 .545 .548 1.306 1.167 .131 .026 

Log('o) .276* * .025 

*Values adjusted to volume 

L=Lerigth of cell=1 cm. )\ 5b0 

==(for CyFe)= 0e281 x Cm2 x Mo1es 

(for CyFe+)=0.0956 x 108 Cr4i2 x Moles- 

Log('O) Log('o) 
(cyFe+t] I - 

(°?,° ) L 



Table 35. --The calculation of the cytochroma oxidase activity of male 

American cockroaches. 4 rug. of roach tissue used in the homogenate. 

Time CyFej ¿ 

Log 

Log('o) Ave . Moles/cc . Log CCy?J zLog CyFeJ 
t 

I MIn. Min. I ziO8 
-3- 9 

(i) (Ii) (III) (IV) (V) (V') (VII) (VIII) 

0 1.987 1.298 

1 .71 .716 .713 l,96o 1.247 .051 .051 

2 .67 .686 .678 1.574 1.197 .101 .051 

3 .646 .65 .648 1.413 1.150 .148 .049 

4 .61 .624 .61'7 1.248 1.096 .202 .051 

5 .584 .60 .592 1.112 1.046 .252 .050 

Log('o) .386 .050 

I 



Table 36. --The calculation of the cytochrome oxidase activity of male 

American cockroaches. 6 mg. of roach tissue used in the homogenate. 

Time I (CyFo) 
1-1- -Ff ____ Log() Ave. Moles/cc. Log(CyFe jLog COyFe J t 

Min. I 108 +9 Nun. 

(I) (II) (III) (IV) (V) (VI) (VII) (VIII) 

o 1.987 1.298 

1 .78 .782 .781 1.671 1.223 .075 .075 

2 .72 .746 .733 1.413 1.150 .148 .074 

3 .68 .694 .687 1.164 i.o66 .232 .077 

4 .65 .66 .655 .994 .997 .301 .075 

5 .61 .638 .624 .826 .917 .381 .076 

Log() .471 .075 
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Table 37. --Results of determinations of cyto- 
chrome oxidase activity of normal adults of the 
American cockroach. 

No. roaches Male Female in________ 
homogenate ave. body Enzyme 

______ _________ 
Ave. ody Enzyme 

weight activity weight activity 

2 .725 .153 .835 .088 

2 .670 .154 .915 .105 

2 .535 .163 .915 .107 

2 .725 .174 .845 .118 

2 .765 .183 .815 .121 

2 .755 .187 .880 .124 

2 .705 .189 .905 .129 

2 .700 .192 .820 .137 

2 .690 .240 .875 .137 

2 .675 .243 .775 .144 

Average .695 .188 .858 .121 
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Table 33. --results of determinations of cyto- 
chrome oxidase activity of the survivors of American 
cockroaches (adults) from different samples. 

No. injec- Last Max. No. roach- 
Sample tions DDT es in Log (CyF) Ave. 

received dosage homogenate 

Male series 

M-3c 3 20 ì/g i .117 .104 
M-3e i " " 2 .091 

M-4d 2 20 ,).ig/ 2 .137 
2 M-4e i " " 2 .112 

M-5b 3 52 xg/g i .069 
M-5e 2 " " 2 .107 .107 
M-5d i " ' 2 .143 

Average .112 

Female serles 

F-3b 4 56.3 u/g 1 .071 
F-3e 3 It Vt .031 073 
F-3d 2 " " i .070 
F-3e i " " 2 .069 

F-4b 3 27.2 ug/g 2 .065 
F-4e 2 " H 2 .042 .072 
F-4e 2 " " i .108 
F-4d i ' ft 2 .071 

F-ba 3 32ug/g 2 .104 
F-Sb 2 II U 2 .039 . 031 F-5e i " " 2 .082 
F-5e 1 " " 2 .100 

Average .075 
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DISCUSSION AND CONCLUSIONS 

Theoretically, for any individual organism, under 

controlled conditions, there is a certain level of Inten- 

sity of toxicant, below which death does not occur, and 

above which the individual will succumb. This nten- 

sity of toxicant is referred to as tolerance or suscepti- 

bility. In other words, the susceptibility of an indi- 

vidual is represented by the smallest dose which is just 

sufficient to kill it. As in the case of any other 

biological characteristic, this tolerance value will vary 

from one member to another of the population. The value 

for even the same individual, also, is likely to vary 

from one occasion to another as a result of uncontrolled 

internal or external conditions, A priori, the distri- 

bution curve of the number of individuals having each 

particular susceptibility might be expected to show the 

shape characteristic of the normal curve of error. 

While the expressions "tolerance" or tsusceptibilityX 

are used in reference to the individual, "minimal lethal 

dose" and "maximal non-lethal dose" are applied to the 

population. The minimal lethal dose is the dose just 

sufficient to kill a member of the population having the 

least tolerance, and the maximal non-lethal as the dose 

which will just fail to kill the most resistant member 

of the population. In other words, these terms are 



used to define the tolerance of a population. The sub- 

lethal dose is a less well-defined toxicoloica1 term, 

and in the author's opinion, might be referred to any 

dose smaller than the tolerance of any iven individual, 

or smaller than the minimal lethal dose for a given popu- 

lation. 

These terms pertaining to stimulus and response in 

toxicology are of theoretical interest only. As experi- 

ments are actually conducted, the dosage applied to each 

separate lot of insects kills not only those requiring 

at least this quantity of poison, but also all of the 

more susceptible individuals, i.e. those which could be 

killed with a dosage. The be 

tested in all these experiments is a simple one. In 

sample "A" of a population, a portion will succumb after 

receiving one or more effective doses. Thereafter, the 

survivors in sample tA and a new sample "B" which has 

had. no previous treatment, are subjected to a given 

higher dosage. If it is assumed that the survivors of 

sample 8A" will maintain their respective inherent 

tolerances unchanged, then there will be no bona f ide 

difference between the percentage of the survivors in 

sample "A" and the percentage of survivors in sample "Br 

provided: 

1. Both samples "A" and "B" are drawn from the 

same population; 
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2. The experimental conditions are identical; 

3. The percentage of survivors of the first sample 

is based on the original size of the sample rather than 

on the number of survivors. 

In the work reported in this thesis, a few such 

differences were shown to be significant by appropriate 

statistical tests. The data in general from both injec- 

tion and topical tests were quite consistent in showing 

more survivors in the 8axnples which received fewer treat- 

ments. This indicates that individual insect tolerances 

are lowered by previous sublethal exposures to DDT. That 

sensitization of individuals by repeated sublethal 

dosages of DOT actually takes place is further supported 

by a comparison of the niedian lethal dosages after dif- 

ferent numbers of previous exposures. 

Sorne inconsistent results can be expected because of 

the small size of the samples used, especially in the 

tests with the American roaches. The irregularities in 

the tests with the large milkweed bugs might be explained, 

in part at least, by the poor control of temperature in 

the laboratory. 

The media used to make the DOT preparations were 

tolerated very well by the American cockroaches. Amounts 

of distilled water up to 0.1 ml. per gram of body weight 

were tolerated by the roaches without producing mortality. 



The optimum volume of insecticidal media for American 

roaches was ifl the range of 0.02 to 0.04 ini. per gram of 

body weight but the difficulty in making injections with- 

out bleeding increased as the injected volume increased 

above 0.04 ml. per gram of body weight (36). The actual 

amounts of solvent, diluent and defiocculating agent used 

in the cockroach injection experiments were defInitely 

below the minimal lethal doses reported by Heal et al. 

(36): 

MinImal lethal dose Actual amount 
(Heal et al.) used by author 

Distilled water 100 l/g 17.33 l/g 

Acetone 4 ,ul/g 2 ,ul/g 

Phthalie glycerol 17 ,ul/g 0.12 ,ul/g 
alkyl resin 

("Triton B 1956") 

In the check samples of American cockroaches, all 

males and females were alive and apparently normal after 

10 weekly injections of 0.02 ml. of aqueous solution per 

gram of body weight, containing 0.6 per cent of phthalic 

glycerol alkyl resin and 10 per cent of acetone. 

The results on the dosage mortality tests of DOT 

by injection were In close agreement with results from 

some other investigators. The median lethal doses for 

DDT by Injection are compared as follows: 
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Menusan (47) Dresden*(l8) Author 

Male nymphs -- -- 22.5 )ig/g 

Male adults 8 g/g 20 g/g -- 

Female nymphs -- -- 30.0 ,pg/g 

Female adults 20 ,ig/g 20 ,ugJg 24.0 .ig/g 

*Rosults from mixed populatIon 

The females are more resistant to DDT than the males, both 

in the nymphal and adult stages. The nymphs were found to 

be more resistant than the adults in both sexes. The dif- 

ference in resistance to DDT between sexes seems less 

pronounced in the nymphal stages, however, than in the 

adult stages. 

DDT-peanut oil emulsion was used for injection in 

the experiment with the largo milkweed bugs. This prepar- 

ation is less rapid in action and less effective than a 

DDT-acetone solution according to Tobias (65) and Fergus- 

on (21). The figures for the median lethal doses of 

DDT by Injection were compared with those of Ferguson 

(21) and Woodruff (70). The Woodruff data were recalcu- 

lated and the approximate values for the LD50 estimated 

in micrograms per gram of body weight as follows: 
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Ferguson (21) Woodruff (70) Author 

Male Mixed Male Female 

5O 
(Injection) 165 160 80 76 

It has been pointed out by Richard.s at al. (57) 

that the insect cuticle facIlitates, rather than forms a 

barrier to, the entry of PDT due to the fact that DDT has 

a peculiar affinity for chitin. Consequently, the LD50 

for contact application scarcely exceeds that established 

for injection (18). It is not uncommon for an insecti- 

cide to be more active by contact than by injection (56). 

The resistance of the male and female to DDT is about 

equal when it is applied by injection, but the f ernale 

seems moro resistant than the male when exposed by contact. 

The dosae mortality curves in Figure 10 for the 

large milkweed bugs by contact tests indicate a "break" at 

20 per cent mortality for the males and at 15 per cent 

mortality for the females. The four lowest concentra- 

tiens gave an exceptionally high kill over the remaining 

concentrations. The toxicological data for eac sex, 

therefore, are fitted by two probit regression lines with 

different slopes; one covering the lower range of dosages 
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and. the other covering the higher range. The "break" in 

slope ror both sexes occurred at 43 ,ugof DDT per gram 

of bug. Such "breaks" can he explained on the assump- 

tion that a poison may act on two independent systems 

in the insect (23). As In the case of protective stupe- 

faction with hydrocyanic acid, low concentrations fre- 

quently have an action qualitatively different from that 

of the higher dosages. The change in slope, therefore, 

may very well have a biological reality and not be merely 

a mathematical artifact (10). The Lr)5 dosages for both 

malos and females were estimated from the upper section 

of the respective regression lines. 

Perry and k{oskins that resistant 

strains of hOU8e flies are able to chango a large portion 

of the absorbed DDT into the relatively harmless ethylene 

derivative, DDE, during the first few hours after expos- 

uro. The extent of this reaction is approximately pro- 

portional to the resistance. Certain amounts of absorbed 

DPT are converted to another, as yet unidentified form, 

perhaps similar to or identical with that found in the 

milkweed bug (21). Considerable amounts of unchanged 

DDT persist in the bodies of surviving resistant flies 

and are reduced only slowly over a period of several 

days, during which time the amount of DDE remains un- 

changed while that of the unknown derIvative increases. 

The authors suggested three defense mechanisms in the 
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house files against injury from DL)T: 

i. Detoxification to DDE. 

2. DetoxIfication to one or more as yet unidentified 

derivatives. 

3. Storage of unchanged DDT in re?4ona where it has 

no appreciable harmful effects. 

The ability to detoxify DDT ta DDE not only expresses the 

degree of resistance, but also concerns the survival of 

the individuai. Immediately after exposure, the filos 

must be able to detoxify the DDT to DDE, and fast enough 

to prevent its accumulation in the vulnerable sites If 

they are to survive, 

Sternburg, Kearns and Bruce reported similar results 

in their work on detoxification of DDT (63). That the 

resistance factor may be synonymous with the ability to 

dehydrochiorinate the DDT molecule is also indicated by 

the fact that DDT resistant strains are no less suscep- 

tibio to dichiorodiphenyl nïtropropane, which has no 

readily reactive chlorine atoms, than are the normal 

strains (48). 

Ferguson and Kearns' work (21) on the milkweed bug 

shows that this insect has the capacity to metabolize 

80 to loo per cent of a doso of 100 ,ug DDT per gram of 

body weight, when injected in an acetone solution, within 

the first 90 minutes following treatment. They suggested 
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that the chain of phio1oica1 disturbances, thitiated 

by- t1T and resulting in death, are the consequence of the 

presence of DDT in the insect for a period of time con- 

siderably less than 90 minutes. All authors seem to 

acree that the dehydrohalogenation reaction must be 

brouaht about by some biochemical system, i.e. an enzyme 

of the living insect. 

The results of this thesis work might be explained 

on the assumption that the particular biochemical system 

or systems involved in the detoxification reaction were 

impaired through a chain of physiological disturbances 

induced by prévious DDT treatment or treatments. This 

appears to be more tenable than the theory that consider- 

able amounts of pTr and its metabolites from previous 

treatments may carry over in the tissues of the surviving 

insects and interfere with the degradation or storage of 

subsequent applications. Indirect evidence in favor of 

the former theory was secured from the cockroach tests 

in which the mortality with those treated at longer inter- 

vals wasno less than that of the roaches.exposed at 

shorter intervals. Direct proof for the mechanism of 

sensitization te DDT was not possible in the scope of 

this thesis work. The results do show, however, that 

adaptation or resIstance to DDT was not developed by 

individuals of the American cockroach and large milkweed 
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bug under the conditions of this study. 

Since there were a few individual roaches which were 

able to survive a number of Increasingly heavier doses of 

DDT, determinations of cytochrorie oxidase activities were 

ruade to see if there was any correlation between this 

enzyme system and ability to detoxify the insecticide. 

On a weicht basis, there was greater cytochrorne oxi- 

dase activity for the males as compared to females in 

both normal adults and in those which had survived one or 

more injections of DOT. Thé enzpne activity of the normal 

male adult cockroaches was, on an average, 55 per cent 

higher than that of the normal female adults. Similarly 

in the treated survivors, the cytochrome oxidase activity 

was 49 per cent higher in the males than in the females. 

This findin corroborates the work of Barron and Tahmis- 

Ian (5), who found that muscle of male cockroaches had 

a higher oxygen consumption and a greater content of 

glycoen, succinoxidase , diphosphopyridine nucleotide, 
and cytochrome e than did muscle of female roaches. 

Sacktor reported similar results on house flies (60). 

There was greater oxidase activity at a given ae for the 

male flies than for the female flies in the normal and 

the resistant strains on a weight basis (60). 

The treated survivors had a lower cytochrome 

oxidase activity than did the normal adults. The enzyme 
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activity was 41 per cent less in the treated males than 

in the normal males, and. 38 per cent less 1h the treated 

females than in the normal females. The normal malos and 

females were of approximately the same age and all 

emerged within 2 waeks, whereas the ages or both maie and 

female survivors varied to a considerable extent. Sacktor 

(60) reported that the oxidase activity of flies did. not 

remain constant throughout adult life. I the fact that 

the cytoc}ìrome oxidase activity changes with age in 

house flies also holds true with American cockroaches, it 

would make a comparison of the enzyme activity between 

the normal and the treated survivors of little valuo. 

Heal (36) reported that the LD50 dosage of DDT for 

rnerican cockroaches ;as 8 pg/g far the males and 20 jig/g 
for the females. ifl addition, Na2 HAsO4'7H20, NaF, 

nicotine, pyrethrurn, and rotenone were found to be more 

toxic to the male than to the female, irrespective of 

the method employed for the introduction of the poison 

(contact, stomach, and injection tests ) (3). This vould 

seem to indicate that the forces of detoxification in 

the female are ol' a greater magnitude than those operative 

within the male. The possibility existed that the per- 

centage tissue weight of the female was greater than that 
of the male insect, thus accounting for a part of the 

resistance of the female. Forgash (26) reported that the 

average dry weight of females was 33.8 per cent of their 
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fresh weIght and that of males was 30.8 per cent. It is 

evident that the difference in dry weight between the two 

sexes can account for only a small part of the difference 

in toxicity of DDT between males and females. 

It should be mentioned that the cytochrome oxidase 

activity of the normal males ranged between 0.l3 unit 

and 0.243 unit, while that of the normal females was 

between 0.088 unit and 0.144 unit. It c.n be seen that 

the lowest cytochrome oxidase activity figure of the males 

is higher than the highest activity figure of the females. 

Attempts were made to correlate the enzyme activity with 

the fresh body weight. No correlation was found in either 

the malos or females, 

If cytochrome oxidase plays an actIve rle in the 

detoxification of' DDT, it is difficult to understand why 

the female roach, which has less cytochrome oxidase 

activity, Is more resistant to DDT poisoning than is the 

male. There is another parallel case in insect toxicology. 

Forgash (26) reported that reduced glutathione, when 

injected into a roach, protects against the toxic effects 

of As203. If reduced glatathione is introduced before 

the arsenic, the protection is more than twice as great 

as that obtained when the reduced glutathione is injected 

subsequent to the arsenic. Fink (22) found that reduced 

lutathiorie in ten different species of insects is 

decreased following injection with arsenic trioxide and 
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arsenic pentoxide. Forgash also íound that the action of 

arsenic upon reduced glutathione is about the same in 

both the female and the male American roaches, i.e. high 

mortality is accompained by high inhibition of reduced 

giut.athione. The female roach contained 43 per cent less 

reduced glutathione per gram of body weight than did the 

male. At the same time, female roaches were found to be 

about twice as resistant to Na2HsO47HO as were the 

males. However, equivalent amounts of arsenic inhibit 

up to 4 times as much reduced glutathione in the male as 

in the female (26). His work indicates that a qualita- 

tive, rather than quantitative, difference in the reduced 

glutathione of male and female roaches may be the ex- 

planation for this discrepancy. Thus the solution for 

the relationship between degree of' DDT-resistance and 

cytochrome oxidase activity in the two sexes should be 

sought in the determination of the amount of inhibition 

rather than in the actual amount of cytcchrome oxidase 

activity. 

The theories which seek to explain the mechanism of 

origin of strains of differing resistance to DDT are still 

in the realm of speculation. Hoskins et al. (53) has 

suggested that the biochemical system necessary for the 

detoxification of DDT might be universally present in 

all strains of the species, normal and resistant, because 



di±'ference in resistance between the strains have been 

shown to be quantitative rather than qualitative. The 

resistant strains may arise by breeding of those in 

which this biochemical system Is more highly developed. 

The activity of the biochemical system or enzyme is 

supposed to be controlled by the gene or genes. In 

nature the insects are probably heterozygous for many 

genes and thus offer a range ol' genotypes from which the 

application of insecticides may select the more resist- 

ant ones. It is also possible that new mutant genes may 

appear during the period over which chemical control has 

been practiceh 

It is unlikely that exposure to sublethal doses may 

cause the protective system already present to become 

more active. All results of this thesis indicate that 

the individual tolerances are inherent and not enhanced 

by sublethal exposures. Therefore, any change in the 

individual susceptibility is unlikely to be an important 

factor in the development of resistant strains. 
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s TJTARY 

1. The effect of successive treatments of DDT by 

injection and/or by topical application on individual sus- 

ceptibility of insects was studied with nymphs of the 

¡merican cockroach (Periplaneta americana) and adults of' 

the large milkweed bug (Oncopeltus fasciatus). 

2. The rearing methods for the American cockroaches 

and large milkweed bugs are described, as well as the 

methods of injection and topical application of various 

DDT preparations. 

3. The differences in the number of survivors 

between those samples which received one or more treat- 

ments, and a sample of the same size which received only 

one injection at any particular dosage level, were used as 

the criteria for estimating any change in individual 
susceptibility. 

4. The results of the tests were fairly consistent 

in indicating the development of greater susceptibility 
in those insects receiving previous sublethal doses of 

DDT. Some of the figures were found to be statistically 
significant. 

5. By injection of DDT suspension in American 

cockroaches, the LD0 dosages were found to be 22.5 ..ug/g 

for male nymphs, 24 ug/g for female adults, and 30 )lg/g 

for female nymphs. 
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6. The LD50 dosages far large nymphs of' the American 

roach which had survived previous exposures to DDT at 
various concentrations were determined to be as follows: 

No. of injections LD dosages in micrograms/gm 
______ body wt. 

Male iymphs Female nymphs 

1 19.5 26.0 
2 16.2 21.2 
3 12.4 15.3 
4 11.1 12.2 

7. A comparison of the LD50 dosages for normal 

and sensitized roaches showed a reduction in tolerance of 

approximately 50 per cent for those survivors of three 
previous exposures to DDT. 

3. Tests on âmerican roaches involving length of 

time-interval between DDT injections showed no signifi- 
cant differences in tolerance with intervals ranging from 

one to four weeks. This indicates that the increased 
sensitivity found in roaches which were given previous 
sublethal doses is probably not due to a simple accumu- 

lation of DDT in their tissues. 
9. IBy injection of DDT-peanut oli emulsion into 

adults of the large milkweed bug, the LD50 dosages were 

found to be 80 pg/g for males and 76 pg/g for females, 
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10. In the topical application tests on the large 

milkweed bug adults, there was a ITbrea1fl in the probit-log 

dosage lines at 20 per cent mortality far males and at 

1 per cent mortality for females. The LD50 dosages were 

estimated from the upper sections and found to be 

54jig/g for males and 64g/g for females. 

11. The data from the topical application tests 

on milkweed bugs also showed that, up to the fourth 

dosage level, the difference between the number of surviv- 

ors in those samples which had received one or more 

previous treatments, and the number of survivors in the 

sample which received its first application at the same 

dosage level, begins to be significant, in both the male 

and female series. 

12. The LD0 dosages for adults of the large milk- 

weed bug which had survived a different number of previous 

topical applications were found to be as follows: 

No. ol' topical LD0 dosages in micrograms/gm. 
applications body wt. 

Males Females 

i 54 64 
2 40 44 
3 24 39 
4 4.2 22.3 

These figures indicate that the tolerance of' the bugs was 
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reduced to approximately one thirteenth and one third of 

their inherent tolerance for males and females, respect- 

ively, after they had received four previous exposures to 

DDT. 

13. The cytochrome oxIdase activity of normal and 

treated survivors of adult American roaches was compared, 

utilizing a spectrophotometric technique. On a weight 

basis, the enzyme activity of normal male adult cock- 

roaches was found to be, on an average, per cent 

higher than that of normal female adults, Similarly, in 

treated survivors, the cytochrome oxidase activity was 

49 per cent higher in the males than in the females. 

15. The relationship between cytochrorne oxidase 

activity and DDT-resistance in insects is discussed. 
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