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THE EFFECTS OF RONNEL FED TO RATS FOR THE CONTROL
OF THE ORIENTAL RAT FLEA

A. G. O'Berg and R. L. Goulding

The purpose of this project was to study the potential of a systemic
insecticide for control of fleas on rodents. Successful use of this vector
control technique could prove an important tool in preventing transmission of
arthropod-borne diseases of man and other susceptible animals. Although
modern medicine is able to limit morbidity, enzootic foci of such diseases
as sylvatic plague, murine typhus, Rocky Mountain spotted fever and Colorado
tick fever remain public health problems in North America. More intensive
recreational use of our rural areas has resulted, in recent years, in greater
opportunities for close contact between man and many potential reservoir ani-
mals and their ectoparasites.

Control of the reservoir host, usually a rodent, may not immediately
result in high levels of vector control. In fact, the hazard of human con-
tact with potential vectors is likely to increase during rodent control
campaigns. Establishment of more effective vector control techniques, there-
fore, should be an important element in the development of improved methods
of protecting man and animals from arthropod-borne diseases. The use of
systemic insecticides may prove a valuable adjunct to such a program. In
parks, wildlife preserves, pastures, range lands and in the home, systemic
insecticides alone may afford a means of protecting man and other animals
from disease vectors without introducing a rodenticide or a generally dis-
tributed insecticide into the habitat. Using an approach somewhat similar
to that of the experiments reported in this paper, Barns and Kartman (1960)
reported marked reductions in flea populations on Citelleus lateralis,
Eutamias amoenus and E. speciosus by means of bait stations containing 10%
DDT dust. With this technique the host not only treats itself but serves as
the means of transporting insecticide to rodent burrows and runs.

Most of the emphasis in studies on animal systemics has been on
chemotherapeutic agents in control of livestock pests. Many investigators
have reported on the effectiveness of ronnel, Ruelene, Co-Ral, Dowco 109,
dimethoate and other chemicals.

Kraemer and Furman (1959) obtained a high livel of control of the
northern fowl mite, Ornithonyssus sylviarum (C. and F.), by feeding Sevin to
chickens.

Materials toxic to house fly larvae, Musca domestica (L.), and horn
fly larvae, Siphon irritans (L.) were found in manure from cattle which
were fed aldrin and dieldrin (Eddy, et al. 1954). The toxicity to fly
larvae of droppings from chickens fed insecticides has been studied and re-
sults are promising (Sherman and Ross, 1959).
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Harvey (1960) reported significant systemic activity from dimethoate
administered orally to white Norway rats while ronnel and Dowco 109 proved
less effective on the oriental rat flea, Xenopsylla cheopis (Rothsch.).
Bennington (1960) showed that oriental rat fleas were killed after feeding
on rats fed ronnel in bait at a concentration of 4 grams per pound. He re-
ported satisfactory acceptance of baits with 2.4 grams of ronnel per pound
and reduced acceptance of higher concentrations up to 12 grams per pound,
unless sugar and a smoke-flavored condiment were added.

Methods and Materials 

Procedure. The effects upon oriental rat fleas of ronnel in rats
were studied in the following experiments:

1. The total effect of oral doses in rats was observed in samples
of fleas free to move on or off the host, but confined to the vicinity of
the host and its waste products by a flea-tight cage.

2. Mortality levels in fleas confined in cells, but able to feed
upon the host through fine organdy, were determined to assess effects of
true systemic activity resulting from oral doses.

3. Using fleas similarly confined and handled, levels of systemic
activity in rats consuming ronnel-fortified rations were also studied.

4. The toxicity of residual ronnel in feces of rats receiving either
oral doses or fortified rations was assayed by means of flea larvae.

Flea Culture and Handling Techniques.. A culture of the oriental rat
flea, Xenopsylla cheopis (Rothsch.), was reared by a technique similar to
that described by Smith and Eddy (1954). Each week the cocoons containing
prepupae and pupae were collected by sifting the larval substrate which con-
sisted of vermiculite and ground dog food. After collection the cocoons
were stored in quart cartons under temperature and humidity conditions
common to the rest of the culture.

Emergence of the adults began between eight and 13 days from the time
the cocoons were collected. Fleas were isolated by means of a funnel, the
upper reservoir of which was separated from the tapering lower portion by a
16-mesh screen. The spout of the funnel was inserted through the top of a
quart recovery jar. A thin layer of cocoons was sprinkled over the screen
inside the funnel and as the fleas emerged, they moved about on the cocoons
and screen and eventually fell through to the jar. A layer of vermiculite,
0.5 to 1 inch deep, was added to the jar to provide shelter and to minimize
the effect of crowding. Less mortality was observed in vermiculite than in
washed river sand.

Adult fleas were aspirated from recovery jars as needed and, follow-
ing a preliminary test, unfed male and female fleas aged two to three days
were used in all subsequent studies. The fleas were anesthetized with carbon
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Figure 1. Upper portion--
Modified Comar cages in
use. Lower portion--Rat
restraining cage of one-
half inch mesh hardware
cloth and salve-tin flea
cells with nylon fabric
covers below.

3

dioxide and counted into salve-tin cells in which they were able to feed
upon treated rats. Feeding took place through organdy cell covers upon
shaved portions of the ventral surface of rats held in restraining cages
(Figure 1). The cells were used to more nearly limit exposure of fleas to
ronnel or its metabolites occurring systemically in the rat.

Upon completion of the feeding interval, fleas were removed from the
cells while under anesthesia and were placed in test tubes containing about
2 cubic centimeters of vermiculite. They were then held for a period of 24
hours to allow for possible recovery. Each sample was then transferred in
turn to a flea-tight glass box where mortality counts were made on the basis
of motility.

Second instar flea larvae were used to challenge insecticidal activ-
ity in rat feces. Fecal pellets were ground and approximately 0.5 gram
aliquots were used as a substrate for twenty larvae. Larvae were aspirated
from the culture medium, sorted for instar and counted into souffle cups con-
taining the test material. Mortality was determined 48 hours later by
spreading the contents on paper and counting numbers of motile and non-motile
larvae.
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Rat Feeding Technique. A modification of the Comar cage (Comar, 1955)
for metabolism studies was used to minimize the hazard of insecticide contami-
nation of the rats or their feces. (Figure 1). A hardware cloth cylinder
containing the rat was attached to a feeding can. The rat was able to con-
sume food in the can but direct contact with the food was limited. A cloth
baffle was placed around the middle of the cylinder to reduce the hazard of
food dropping from the mouth of the rat contaminating feces or portions of
the rat itself. The possibility of contamination of the haircoat of the rat
in this apparatus is not eliminated, but test results indicated this did not
become a problem. A water bottle was attached to the apparatus with the
drinking tube inserted into the feed can. Feed was protected from becoming
wet by means of a metal gutter fixed beneath the tube and draining out of
the feed can.

Rat Colony. Wistar strain laboratory white rats were kept individually
in holding cages. They were fed ground dog food (Purina Dog Chow) until reach-
ing a weight of more than 100 grams and then were used in the various experi-
ments. Both males and females were used.

Ronnel Formulations. Technical grade ronnel, 0,0-dimethyl 0-(2,4,5-
trichlorophenyl) phosphorothioate was used in all of the experiments. Oral
doses were prepared in a solution consisting of 1 part acetone and 3 parts
corn oil and were administered by means of a dosing syringe at the rate of
0.5 millimeters per 100 grams body weight. Concentration of ronnel in each
dose was adjusted by dilution from a stock solution. Finely divided techni-
cal grade ronnel was blended with ground dog food for use in feeding experi-
ments. Concentrations of toxicant in the feed were adjusted to consumption
rates and body weights of individual rats in an attempt to produce desired
daily dosage levels.

Results and Discussion

Effects of Oral Doses upon Unconfined Fleas. Preliminary observa-
tions were made on the effects of ronnel, administered in oral doses to rats,
upon fleas free to move freely on or off the host. Each rat was confined to
a hardware cloth cylinder and placed in a flea-tight glass cage with an ab-
sorbent floor. After 24 hours it was observed that high levels of flea
mortality had resulted whether ronnel was given as a single or multiple
treatment, or whether fleas were placed on the animals two or 24 hours after
treatment (Table 1). Although mortality levels generally increased with do-
sage there was much variation within and among tests. At 100 mg/kg, four
successive daily doses appeared superior to single doses against fleas ex-
posed 24 hours after treatment, but this was apparently not true at 250 and
500 mg/kg.

The high mortality levels in fleas exposed 24 hours after adminis-
tration of ronnel suggest contact toxicity, perhaps due to residues in feces
and urine, as well as ingestion of systemically active toxicant. Mortality
in fleas exposed two hours after treatment is more easily accepted as due to



systemic activity since blood levels of the toxicant are greatest a few
hours after treatment. In testing contact toxicity of ronnel to oriental
rat fleas, it was observed that susceptibility increased markedly with age
within the range of 24 to 144 hours after emergence. Although these ob-
servations do not apply directly to the problem of systemic effect, they do
indicate the importance of flea age in test uniformity. Since flea age had
not been considered in selecting populations for these preliminary tests,
this probably contributed something to the lack of uniform mortality rates.

Table 1. Mortality	 in fleas on rats confined within flea-tight
cages.	 Dosage by oral drench.

Number of
fleas/rat

Flea mortality at indicated
dosage, mg/kg. of rat body weight

0	 100	 250	 500	 1000

%	 %	 % %

Four successive daily doses.	 Fleas exposed
24 hours after last treatment

50 0	 90	 43 84 100
50 0	 78	 87 97 100

One treatment.	 Fleas exposed 24 hours later

50 0	 2	 74 93 98
50 0	 4	 39 61 94
25 0	 55	 48 100 100
25 0	 38	 96 100 96

One treatment.	 Fleas exposed 2 hours later

25 0	 100	 100 94
25 1	 54	 92 100

Fleas held with host for 24 hours.

Effects of Oral Doses upon Confined Fleas. Initially ronnel was ad-

ministered in an acetone-corn oil drench to rats under restraint and evalu-
ated for systemic activity with 100 fleas per cell. Fleas were exposed two
hours after treatment and remained 24 hours on the host. Results (Table 2)
indicate that a high level of kill in fleas was possible with ronnel acting
as a systemic insecticide in rats. Mean flea mortalities ranged from 15 per
cent in rats treated at 100 mg. of ronnel/kg. of body weight to 81 per cent
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at the 1000 mg/kg. level. It is estimated by a dosage-mortality curve that
under the conditions of this experiment a dose to rats of 350 mg/kg would
induce a 50 per cent mortality in oriental rat fleas 48 to 72 hours old
within 24 hours after removal from the host.

Table 2. Mortality in 100 fleas per cell held 24 hours on rats in
restraining cages. Single oral doses.

Dosage to
rats, mg/kg.

Number of rats/
dosage level

Mortality 24 hours after removal
from rat

Mean Range

0 12 0 0
50 7 3 1 - 4

100 11 15 2 - 40
250 12 42 21 - 63
500 11 63 36 - 87
1000 11 81 32 - 100

In a second test series 14 rats were dosed at the rate of 1000 mg/kg.
Cells containing 100 two-day old fleas were exposed to half the rats within
2 minutes after treatment and to the other half two hours after treatment.
Length of exposure and recovery time was the same as in the preceding test.
Under these conditions ranges in mortality rates were 28%-47% where exposure
began two minutes after treatment and 71%-97% where two hours had elapsed.
Means were 36% and 88% respectively. Plapp and Casida (1958) demonstrated
ronnel at a maximum level in the blood of a cow eight hours after treatment,
and that the cow metabolized and excreted the chemical at a slower rate than
rats. Since these workers also showed that similar metabolic pathways are
followed in either animal, it would be reasonable to assume that ronnel
reaches a peak level in the blood of rats prior to eight hours. It was
known that most unfed fleas fed shortly after exposure to animals. A delay
in exposure of fleas to test animals should allow a toxic level of ronnel,
after a single oral drench, to develop in the tissues of the host prior to
the feeding of the fleas. These observations suggest that in natural flea
populations where feeding is not controlled, multiple doses of ronnel in
the host would be necessary.

Effects of Ronnel in Rations. Ronnel in ground dog food was first
fed to a group of four rats at the rate of 325 mg/kg. for six days and to
another group of 4 rats at 500 mg/kg. for four days. Cumulative doses were
1950 mg/kg and 2000 mg/kg respectively. Cells containing 100 fleas were ex-
posed for 24 hours to rats removed to restraining cages. This exposure
interval began about 24 hours after the last feeding, at which time most of
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the ronnel-fortified rations had been consumed. Flea mortality levels 24
hours after removal from the rats ranged from 2% to 11% at 325 mg/kg/day and
7%-44% at 500 mg/kg/day. Mortality in fleas from two rats on unfortified
feed was 0 and 2%.

There was no indication in these observations of high levels of sys-
temic activity persisting after multiple feeding. The results of the test
illustrate the marked difference that may be expected between effects of
oral doses and food-administered toxicant which are considered to be due
mainly to the comparatively slow consumption of food.

The effects of ronnel in rat food were further tested under condi-
tions partially simulating a natural infestation. Three rats each were
allotted to dietary levels of 100, 200 and 500 mg/kg/day for 4 days. After,
the first test day the subjects were removed from the modified Comar cage
each day for six hours and were held in a restraining cage. During this
time samples of 50 fleas per cell were assigned to each rat and allowed
three successive daily feedings. Three rats on an unfortified diet were
similarly exposed to samples of fleas. Consumption of the daily ration was
incomplete and actual daily dose was estimated by weighing residual food.

Results of this test (Table 3) indicate a marked mortality among
fleas exposed each day to rats subject to daily doses of ronnel in their
ration. Estimated daily dose levels in rats do not associate closely with
mortality rates in fleas except in two instances where mortality rates were
low in the 100 mg/kg/day dose range. There is no indication of any advantage
in the 500 mg/kg dose over the 250 mg/kg dose in this relatively brief test.
Partial rejection of the more heavily fortified rations had some effect on
this problem since about 35% of the feed containing doses of 500 mg/kg (about
5000 p.p.m. ronnel) was rejected compared to approximately 5% and 15% rejec-
tion at the 100 mg/kg and 250 mg/kg dosage levels. In other experiments,
however, where a full 24 hour feeding period was allowed, consumption of ra-
tions containing as much as 500 mg/kg was usually complete.

Toxicity of Rat Feces to Flea Larvae. Plapp and Casida (1958) showed
that after treating a cow at the rate of 100 mg/kg seven per cent of the
total dose of ronnel was voided with the manure within 24 hours. It was
thought that unabsorbed insecticide may also be voided from the rat and, if
so, would be a means of further distributing insecticide in rodent burrows
and runs. To . test this possibility, feces from rats dosed with ronnel in
corn oil-acetone solutions were collected, dried, ground and evaluated for
toxicity to larval fleas. Using this substrate it was possible to conclude
only that ronnel or toxic derivatives were present in the excreta of these
rats. Feces collected for these tests were invariably contaminated with
urine, and some were unusually oily. The effects of urine were not included
in these studies. Potential insecticidal activity of water soluble hydroly-
sis products reported by Plapp and Casida (1958b) from rat urine should be
considered, however.
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Table 3. Effects of daily consumption of ronnel-fortified rations.

Daily dose, mg/kg 
	

Flea mortality 48

Mean for
	 hours after final

Desired	 each rat
	 exposure

2

	

0
	

0

	

0
	

6

100
	

87
	

92

	

96
	

10

	

98
	

40

250	 177	 98

	

224	 96

	

226	 100

500	 268	 100

	

334	 98

	

385	 92

More consistent results were possible when ronnel was blended in
ground dog food and fed for six days to rats in a modified Comar apparatus.
Food was offered in amounts slightly less than the normal daily intake re-
corded for individual rats. Feces removed at 24 hour intervals were ground
and used as substrate for second instar flea larvae. Four rats were fed on
each of the dosage levels indicated in Table 4.

Results indicated a marked mortality in samples of second instar
larvae in feces. After the second day of the test, the mortality rates
appeared to be associated with dosage level. The dose of 50 mg/kg/day failed
to induce significant mortality levels in the first three days and subsequent
tests were abandoned. Mortality means occurring from the last four days of
the test varied from 15% at 90 mg/kg/day to 98% at 325 mg/kg/day. The dose
in rats inducing 50% mortalities in fleas was estimated at 130 mg/kg/day
when the four means were plotted on a log-dosage probit scale.

In support of this study, feces from rats not under treatment were
ground and fortified with ronnel at five levels between 100 and 400 p.p.m.
Larval mortalities varied from 4% to 98% and an LC50 of 190 p.p.m. was de-
termined.



Table 4. Mortality in flea larvae held 48 hours in feces
from rats fed daily on ronnel.

lir
Mean mortality in larvae at indicated dosage, mg/kg/day

Day 0 50 90 150 200 325

1 0 3.8 65.0 16.3 40.0
2 0 2.5 17.5 95.0 62.5 76.3
3 0 2.5 5.0 71.3 82.5 98.8
4 0 -_- 21.3 50.0 85.0 96.3
5 0 -- 18.8 63.8 88.8 98.8
6 -- 15.0 73.8 97.5 98.8

Mean, 3
through 15 65 88 98
6 days

20 second instar larvae in an aliquot from a daily fecal sample from each
of 4 rats.

Observations made upon the appearance of toxic residues in the feces
24 and 48 hours after feeding ronnel-fortified ration indicated a marked
dimunition in insecticidal activity after the pesticide in the ration was
discontinued. In five rats dosed once at 100 mg/kg and six rats dosed once
at 250 mg/kg, larval mortality levels in feces collected during the first
24 hours after dosage was discontinued were 4% and 3% respectively. Mor-
tality rates in subsequent collections were nil. Feces collected during
the 24 hour period in which the rats were on fortified rations induced
mean larval mortalities of 26% where rats were dosed at 100 mg/kg, and 77%
where they were dosed at 250 mg/kg of ronnel.

Summary

The effect of ronnel acting as a systemic insecticide and as a con
tact poison in feces may be of value in controlling fleas and possibly
other disease vectors on wild and domestic rodents.

Where fleas were free to move on to and off of the host, ronnel ad-
ministered as an oral dose to rats was toxic to oriental rat fleas. Both
contact toxicity as well as systemic activity may have been involved. A
relationship between age of fleas and susceptibility to ronnel under con
tact conditions was reported, newly emerged fleas being less susceptible to
ronnel than four to five day old fleas®
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When fleas were confined to the rats, ronnel in single oral doses of
500-1000 mg/kg was an effective systemically acting pesticide. Timing of
exposure of fleas to single doses was important. Since most fleas first fed
shortly after exposure to the rat, a two hour delay in exposure was allowed
for sufficient levels of ronnel to appear in the tissues of the host after
dosing. When fleas were exposed for 24 hours to rats fed ronnel-fortified
rations at dosage rates comparable to effective oral doses, low mortality
rates were observed. A significant increase in mortality was recorded
when fleas were fed three consecutive days upon rats receiving four doses
of ronnel. Daily dosages were in the range of 250-500 mg/kg/day. These
observations indicate that under conditions of practical usage, flea mor-
tality may be as dependent upon the frequency with which ronnel is admin-
istered to rats as it is upon dosage level. No evidence was obtained of
persistence of useful levels of systemic activity after ronnel was removed
from the diet.

Preliminary observations on the presence of toxic materials in feces
from rats dosed with ronnel indicated a high level of kill in flea larvae.
Ground fecal pellets from rats fed ronnel-fortified rations induced high
mortality levels in larvae where daily doses amounted to more than 200
mg/kg/day. The dose resulting in 50% mortality in flea larvae was esti-
mated at 130 mg/kg/day. Using a standard curve derived from larval
mortalities in feces fortified with technical ronnel, the I.C 50 appeared at
a level of 190 p.p.m.

While the occurrence of ronnel in rodent feces may have considerable
effect upon flea larvae, the total effect upon flea populations will likely
be minimized by the fact that after feeding has been discontinued, ronnel
levels rapidly diminish in the feces. The difference between ground fecal
pellets used in these experiments and more naturally occurring whole pellets
was not studied and may further minimize this effect.

The technique and equipment designed for this problem may be of
value in other toxicological studies. Oriental rat fleas were shown to be
suitable for determining systemic properties of compounds in rats. Flea
larvae may be useful in bioassay techniques for directly determining rela-
tively high levels of insecticide in media suitable to the larvae.
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