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ABSTRACT Various compounds were tested for effects on the toxicity of the insect repellent
N,N-diethl-m-toluamide (DEBT) in German cockroaches, Blotteila genrnanica (I...). Drgano-
phosphate and carbamate acetylcholinestcrase inhibitors carbaryl, DEF, eserine (physostig-
mine), malathion anlipyfidostigmine bromide syrlergized DEET toxicity. Of those tested, their
toxicity was synergi by DEET. Compounds that synergized DEET toxicity also synergized
the toxicity of the formamidine pesticides Amitraz and chlordimeforrn. Results suggest that
DEET may have some toxic actions that are similar to those of formamidine pesticides. DEET
synergiaed the toxicity of some acetylcholinesterase inhibitors but not others. Results further
suggest that some mechanism other than acetylcholinesterase inhibition was responsible for
the toxic interactions observed between DEET and the acetylcholinesterase inhibitors.

KEY WORDS Biorteila gcmmnica, DEIEI insecticide, carbamate, organophosphate, form-
amidine

THE INSECT ass-s:|.1.t-:n1' N,N-diethyl-m-toluamide
(DEBT), which was developed by USDA in the
1950s (McCabe et al. 1954), is used by ====30% of
Americans every. year (Veltri et al. 1994). Some re-
pp:-ts indicate t at excessive doses of DEET may

toxic to humans (Lipscomb et al. 1992, Schaefer
and Peters 1992, Clem et al. 1993) and vertebrates
other than humans (Mount et ai. 1991, Verschoyle
et al. 1992, Schoeni et al. 1993).
It would be help§ul to have repellents that are

as effective as DEET and less likely to have toxic
side effects. The molecular mechanism(s) of the
repellent and toxic action of DEET are unknown.
Since the mid-1950s, a great deal of effort has
been spent to improve the efficacy and duration
of action, and to increase the safety margin of
insect repellents (Schreck and McGovern 1989,
Magnon et al. 1991, Kuthiala et a.l. 1992, Robert
et al. 1992}. However, DEBT remains the most
effective, commonly used insect repellent. An un-
derstandin of the toxic mode of action of DEET
will assist tie design of insect repellents that are
less likely to have toxic effects, provided the mode
of action for re ellency and toxicity are distinct.
This research was done to characterize the

toxicity of DEE,T"in German cockroaches, Blat-
telia germonica (L.), with the eventual goal of
discovering the molecular actions of DEET. This
information can be used to test whether cocl-c-
roaches are a suitable model for DEBT toxicity
to vertebrates. This approach assumes risks be-
cause of differences in responses of insects and

vertebrates; however, some classes of |nsect|
cides act in a similar way in insects and verte-
brates (Matusmura 1985), and the potency of
DEET toxicity to German cockroaches (this pro-
ject) is not significantly different from that of
rats on a weight basis (Macl-to and Weel-cs 1930).
Once the information on the toxicity of DEET
to cockroaches is available, testing of specific
mechanistic hypotheses for vertebrate toxicity
can proceed rapidly and be confirmed or reject-
ed. Much of the initial trial and error that occurs
in such exploratory research can thus be circum-
vented, with resulting reduced cost and less ver-
tebrate pain and suffering. Such information
would also provide a basis for further research
to examine whether the repellent and toxic ef-
fects of DEET are related.
The structure of DEET superficially resembles

that of some formamidines. As part of another in-
vestigation, I found that some serine hydrolase in-
hibitors qmergiaed the toxicity of 2 formamidine
pesticides, Amitraz and chlordimeform. Synergistic
interactions in insects between formamidines and
some carbarnates (Fisher 1992) and organophos-
phates (Fisher 199.2) and pyrethroids (Mosupi and
Terry 1991, Liu and Plapp 1992] also have been
reported. Therefore, I tested whether the activity
of DEET was synergized by compounds that sy-
nergiae formamidine toxicity. If so it might be use-
ful to test whether DEET had some of the specific
actions of formamidines.
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Table 1. Effect of I-uhletl'|I.l doses of various compounds on the toxicity of Amitrna, chlordimeform, and DEET
on German cockroaches

Toxicant Syncrgist “gig. “mo. pg?‘ 95% FL P n Slope ( ISEI

DEET
DEET
DEBT
DEET
DEET
DEET
DEET
DEET
DEBT’
DEBT’
D'EET'
Amitra:
Amitraz
Arnitra:
Chlordimeform
Chlordimefonn
Chlordimeform
Chlo ifos
Chlol-€rpj}rri'ifos
Chlorpyrifos
Chlorpyrifosd
Chlorpyrifos‘i
Chlo yflfosd
Malatrllion
Malathion
Halatlflon

Hone 0
Lambda-cyhalothrin 0.0-5
Permethrin 1.23
Chiordimeforrn
PM5F
Pyridostigmine
Amitraz
Eserine
hione
DEF
DEF
None
PMSF
Escrine
None
DEF
Eserine
None
DEF
P60
None
DEF
PHD
None
DEF
PHD

Dose Synergism LD

205
2.0-19
2,049
205
102
0

410
1,025

0
2,049
102
0

1,025
102
0

1.025
2,0-I9

0
1 .025
2,049

0
1 ,025
2.019

1.0
1.6
2.0
3.7
6.2
6.7
7.6

90=t.0
1 .0
2.9
4.7
1.0
7.7

1.056-.0
1 .0
3.6

107
1.0

11.0
0.697
1.0
14.0
0.6-H
1.0

95.2
1.09

2.71 1.00
1,645.00
1.361 .00
725.00
437.00
404.00
357.00
3.00

15.52600
5,346.00
3,326.00
1.2-16.00
161.00

1.16
1'1 1.00
167.00
6.66
2.99
0.27
4.29
21.10
1.51

25.00
62.90
0.66
57.70

2,172-3,474
1.016-2,090
666-1.704
553-666
276-563
101-656
233-471

10,497-36,699
2,644-9,247
667-54.763
663-1.559
42-164

4 x 10"-3.47
559-961
112-243
2.634Il.6
2.52-3.36
0.21-0.32
3.63-1.56
16.3-25.2
1.13-1.66
20.5-33.6
41.5--64.1
0.60-0.62
44.7-66.6

0.56
0.21
0.16
0.09
0.05
0.93
0.91

0.75
1.00
0.62
0.96
0.05
0.62
0.10
0.20
0.31
0.99
0.1 1
0.64
0.22
0.1-I
0.17
0.1 1
0.71
0.51
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" LD5; toxint.r"'i..D5,g toxicant _-l- syncrgist.
ii LE5; s 46 h after treatm-ent.
' Village Green strain German cockroaches (Atkinson et al. 1991).
'1 Dallina field-collected German cocltroaches.

Materials and Methods

Bioaseays. Adult male Orlando Normal German
cockroaches, reared at 26"C, 55% RH, and a pho-
toperiod of 12:12 (L:D) h (Koehler and Patterson
1996) were used in the bio-assays. The cockroaches
were anesthetized with CO2, then treated topically
on the abdomen between the rear coxae with 1.0
,u.l of a potential technical grade synergist in ace-
tone or with 1.0 p.l acetone alone. Rates were cho-
sen that were as high as possible without causing
2-10% control mortality. Two hours after the pu-
tative synergist was applied, these cockroac es
were again treated tczpically on the abdomen with
1.0 ,|.r.l technical gra e insecticide in acetone or
with 1.0 pl acetone alone. All tests were repeated
at least 3 times. Sample sizes ranged from 120 to
200.
The cockroaches were held in petri dishes (6.5

by 1.5 cm) and held in an incubator at 26°C. Cock-
roaches that were on their backs or could not right
themselves after 48 h were considered dead. Data
were analyzed by probit analysis (Raymond 1965).
Mortality was ad‘usted for control mortality with
Abbott's (1925) formula. Cockroaches pretreated
with a compound'( tential synergist or acetone)
were used as lZ’D11t1'Ol5O11'1 those tests. Significant dif-
ferences were determined by failure of the 95%
CI to overlap. LDH; values were converted to cg/g
with an average weight of 48.6 mg (SEM = 0.01?-T.
n = 40) per cockroach.

Beau] la and Discussion

DEET toxicity was increased by lambda-cyhah
othrin and permethrin, as well as by the carbamate
pyridostigmine bromide (Table 1). The synergism
y pyridostigmine may be similar to that seen in
rats (McCain 1995), although the degree of syn-
ergism by yridostigmine has not been reported.
On a weiglilr basis, the L135.) for DEET (McCain
1995) was not significantly different than that re-
ported here for cockroaches, so similar toxic mech-
anisms are plausible. An estimate for DEET syn-
ergism by eserine ( hysostigmine) is based on the
lowest dose used which killed 7 of 10 cockroaches
because the project was terminated before data
collection was completed. I do not know whether
a large degree of synergism of DEET by eserine
would also be found in rats; this possibility should
be investigated because eserine has been reported
as a potential prophylactic against organophos-
hate nerve gas poisoning (Mil er et al. 1993) and

For the treatment of Alzheimer's disease (Sano et
al. 1993).
Phenylmethylsulfonylfluoride (PMSF) ergi-

zed the toxicity of Amitraz and DEET an:lT3,S,S,
tri-n-butylphosphorotrithioate (DEF) synergized
chlordimeform and DEBT toxicity (Table 1).
PMSF is known to reversibly inhibit neurotoxic es-
terase (Lotti et al. 1963). DEF, in addition to caus-
ing cholinesterase inhibition in hens lhbou-Donia
et al. 1966) and catfish (Habig and Giulio 1966),
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Table 2. Effect of sublelhal doses of DEBT on toxicity to Ger-rrratn cockroaches by some acetylcholirreslerase
i.n1ril:rit ora-

Toxicant Synergism LD5q.,
DEE-P ratio‘-i’ pg/'g‘ 95% FL P

L

Slope r:ssr
Eendiocarb
Eendiocarb
Chlorpyri fos
Chlorpyri fos
lvialathion
Malathion
Carba ryl
Carbaryl
Pyridostigmine

+-

+

+

+

1.00
0.90
1.00
1.01
1.00
2.36
1.00
2.42
1.00

15.1
16.7
3.39
3.3-1
62.9
26.7
21.1

@-

-I

10.9-19.3
13.6-16.9
2.76-3.67
2.66-3.72
4 1.5-6-1.1
17.7-34.7
16.7-26.4
2.26-12.66 r 2 ...

7,003.00 6.246-7.626
1,668.00 1.49-1-2.5 16

l
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ass
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161
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160
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160
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160
310
200
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4.43
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1.61
2.46
2.34
2.79
3.62
2.42

(0.60
(1.67
(0.72
(0.99
(0.37
(0.42
(0.53
(0.65
(0.66
(0.51

]|
.1
]|
]|
'|4|
11
‘I,|
l
ll
1jlPyritlostigmine + 3.75

_i—

" DEET dose used I 1,020 pig.-‘g.
t - (LE5; toxicant-.fLD5.g told-cant + synergist).
‘i LD543 s 46 11 after treatment.

inhibits plasma butyrylcholinesterase (Abou-Donia
ct al. 1966) and hen (Lapadula et al. 1964) and
mouse (Hur et al. 1992) liver microsomal carbox-
ylesterase, esterases that hydrolyze pesticides in
German cockroaches (Dong and Scott 1992) and
other insects (Metcalf 1967), neurotoxic esterase in
hens (Lapadula et al. 1964) and probably other en-
zymes. The spectrum of DEF activity is wide; it
also causes defoliation of cotton (Lotti et al 1983)
by unknown mechanisms.
DEET synergized the toxicity of malathion, car-

baryl, and pyridostigmine but not bendiocarb o_r
chlorpyrifos (Table 2). Prevention of hydrolysis by
esterase inhibition seems unlikely because DEET
is not known to inhibit esterases, and its structure
is not consistent with esterase inhibition. Esterase
inhibition should increase the toxicity of chlorpyr-
ifos, as occurred when the esterase inhibitor DEF
was used with both susceptible and a chlorpyrifos-
resistant strain of German cockroaches (Table 1).
However, DEET did not synergize chlorpyrifos
toxicity (Table 2). DEF caused a drastic increase
in malathion toxicity (Table 1) whereas DEET syn-
ergism of malathion was relatively weak (Table 2).
Inhibition of oxidases is another common mech-

anism of insecticide synergism (Matusmura 1985)
and is a potential action of DEET. Piperonyl bu-
toxide (PEG), a mixed-function oxy enase inhibi-
tor, has been shown to antagonize cirlordimeform
toxicity in German cockroaches (Hollingworth and
Lund 1962), yet in my experiments DEET and the
formamidines interacted in a synergistic manner
(Table 1). If acting as an oxidase inhibitor, DEET
would decrease the toxicity of chlorp 'fos as did
PHD (Table 1), because the activity olyfhis class of
organophosphates is considered largely dependent
on the replacement of the sulfur by an oxygen by
the action of mixed function oxygenases (Metcalf
1967). No rotection by DEET occurred in the
tests with cfllorpyrifos (Table 2).
DEBT, which is an oily li uid, has the potential

to alter the penetration of oflrer toxicants. Sun and
johns-on (1972) found that toxicity of some carba-
mates to .1-fuscc dorrresticc L. was increased by sol-

vents; they attributed this to qurrsisynergism in
which the solvent increased the penetration rate of
the insecticide. In these experiments, the DEET
dose was small (0.05 ,u.l DE_EIT in 0.95 pl acetone)
when DEET was used u the Synergist. Despite
this, these experiments do not eliminate the os-
sibility that synergism by DEET was the resuff or
partial result of increased enetration of the com-
panion compound caused by DEET.
A tendency to attribute synergism of insecticides

to the classical synergistic mechanisms of blocking
degradation or changing of toxicokinetics may, in
some instances, divert attention from the possibil-
ity of effects by compounds which converge on a
particular biochemical target or targets. The term
cosynergism might be more a propriate in these
cases, and such effects yield infbrmation about the
actions of the cosynergistic compounds. One ex-
ample is the formulation of a formamidine, which
causes cyclic adenosine monophosphate (cA15-4P)
elevation by octopamine receptors, and caffeine,
which prevents cAMP hydrolysis by phosphodies-
terase inhibition (Nathanson 1990).
If DEET were acting on the same targets or

related biochemical pathways as formamidines,
CDM or Amitraz should affect DEET toxicity.
DEET toxicity was increased 3.7 times by CDM
and 7.6 times by Amitraz (Table 1), indicating syn-
ergistic effects and suggesting that DEET interacts
in some way with a biochemical system that is af-
fected by the formamidines used in thes'e experi-
ments.
A arentl 'ne ‘sm of the ace icholinesterase

inhigffors teiltf.->d hligfe by DEET 1tS> not by cholin-
ergic mechanisms, because synergism occurred be-
tween DEET and some acetylcholinesterase inhib-
itors but not others (Table 2). A parallel effect can
be found with formamidines because they are sy-
nergized by some organophosphates, as mentioned
reviously, yet CD}-i toxicity has been antagonized

by parathion (Fisher 1992). Takahashi et al. (1994)
found that the toxicity of some carbamates to rab-
bits was by nonacetylcholinesterase actions and
suggested that the mode of lethal action for ace-
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tylcholinesterase inhibitors could be from a bal-
ance between anticholinesterase activity and some
mechanism other than cholinesterase inhibition.
Ghlordimeform potentiated carbaryl toxicity in

German cockroaches (Fisher 1992), and DEET sy-
nergiaed carbaryl toxicity in my experiments (Table
2). With respect to carbamates, this reinforces
some similarities between DEET and the formam-
idines. Some similarities between DEET a.nd the
formamidines also were observed with respect to
some payrethroids. For example, DEET was syner-
giaed y lambda-cyhalotlrrin and permethrin (Ta-
le 1). Ghlordime orm and Amitraz synergize the
toxicity of permethrin (Mosupi and Terry 1991)
and Amitraa has an apparent ability to synergize
lambda-cyhalothtin toxicity in some Lepidoptera
(DuHant 1993). Toxic interactions between pyre-
throids and DEET have not previously been doc-
umented for insects, however, such an interaction
is suggested for vertebrates as indicated by unan-
ticipated illness to dogs and cats caused by a com-
mercial product which contained DEET and a py-
rethroid (fenvalerate) (Mount et al. 1991)
If DEET does have actions similar to formami-

dines, which have adrenergic effects in vertebrates
(Wu et al. 1990, Costa et al. 1991), the effect of
DEET on vertebrate adrenergic systems and in-
teraction with adrenergic pharmaceuticals in ver-
tebrates merits investigation.
In summary, this research shows similarities in

the effects on German cockroaches by synergists
on the toxicity of the insect repellent DEET and
two formamidine insecticides. A examination of
the effects of DEET on insect octo aminergic sen-
sitive systems would clarify the differences and
similarities of DEET and formamidine actions.
The differences in synergism of cholinesterase in-
hibitors by DEET suggests that noncholinergic
mechanisms may be partly responsible for the co-
synergism of DEET and some organoghosphates
and carbamates. The potent formami ine syner-
gism by eserine suggests this compound may have
a target that could be exploited to expand the in-
secticidal utility of formarnidines.

Acknowledgment

I thank Gregory Knue (USDA-ABS Cainesville, FL)
for his excellent technical assistance.

References Cited

Abbott, W. S. 1925. A method of computing the ef-
fectiveness of an insecticide. Econ. Entomol. 13:
255-251 -'

Ahou-Donia, M. B., K. M. Ab-do, P. R. Titnrnons, and
J. E. Proctor. 1936. Brain acetylcholinesterase,
acid phosphatase, and 2',3' cyclic nucleotide 3' phos-
phohydrolase and plasma butyrylcholinesterase activ-
ities in hens treated with a single dermal neurotoxic
dose of 5,5,5 tri n butyl phosphorotrithioate. Toxicol.
App]. Pharmacol. S2: 451-473.

.*\tki.nson, T. I'I., R. W. lwadleigh, P. G. Koehier, and
R. S. Patterson. 1991. Pyrethroid resistance and
synergism in a field strain of the German cockroach
(Dictyoptera: Blattellidael. Econ. Entomol. E-1:
124T—12-50.

Clem, J. IL, D. F. Havernann, and M. A. Rachel.
1993. Insect repellent {N,N-diethyl-m-toluamide}
cardiovascular toxicity in an adult. Ann. Pharmacother.
27: 239-293.

Costa, L. 6., J. Cast-cl, and S. D. Murphy. 1991. The
formamidine pesticides chlordimeform and Amitra:
decrease hepatic glutathione in mice through an in-
teraction with alpha-2-adrenoceptors. ]. Toxicol. En-
viron. Health 33: 349-358.

Dong, K., and J. G. Scott. 1992. Synergism of chlor-
pyrifos against the German cockroach, Blatreile ger-
mttrrica. Med. Vet. Entomol. 6: 241-243.

Duflant, J. A. 1993. Tobacco budworm-bollworm
management on cotton using low rates of pyretliroid
insecticides plus Ovasyn. Proc. Belhvide Cotton Gonf.
2: T65—T63. l

Fisher, S. W. 1992. ]oint action between binary
mixtures of clilordimeform and insecticides. Ecotoxi-
col. Environ. Saf. 23: 11-21. '

Habig, C. D., and R. T. Giulio. I983. The anticholin-
esterase effect of the cotton defoliant 5,3,5 tri-n-butyl
phosphorotrithioate (DEF) on channel catfish. Mar.
Environ. lies. 24: I93-I97.

Hullingworth, R. 51., and A. E. Lund. 1932. Biolog-
ical and neurotoxic effects of amidine pesticides. pp.
139-227. In R. Coats [ed.], Insecticide mode of
action. Academic, New Yorlt.

IIur, .I. I‘I., 5. Y. Wu, and .I. E. Ensida. 1992. Oxi-
dative chemistry and toxicologr of 5,5,5-tributyl phos-
phorotrithioate (DEF defoliant) ]. Agric. Food Chem.
40: ITU3—1TDQ.

I-Coehlcr, P. G., and R. 5. Patterson. 1‘.-IBIS. A com-
parison of insecticide susceptibility in seven non resis-
tant strains of the German cocl-troach. Biatteile ger-
manictt (Dictyoptera: Blattellidae). Med. Entomol.
23: 293-299.

Kuthiala, A., R. K. Gupta, and E. E. Iinvis. 1992.
Effect of the repellent DEBT on the antenna] che-
moreceptors for oviposition in Aetzles oegypti (Dipterat
Culicidae). Med. Entomol. 29: 639-643.

Lapatiula, I). l't‘I., C. I). Cnrrington, and M. B. Abou-
Donia. 1934. Induction of hepatic microsomal cy-
tochrome P-450 and inhibition of brain, liver, and
plasma esterases by an acute dose of S,S,S tri n buiyl
phosphorotritliioate (DEF) in the adult hen. Toxieol.
App]. Pharmacol. T3: 300-310.

Lipscomb, J. W., J. E. Kramer, and ,I. B. Lei.ki.n.
1992. Seizure following brief exposure to the insect
repellent N,N-diethyl-m-toluamide. Ann. Emerg.
Med. 21: 315-31?.

Liu, M. Y., and F. W. Plapp, Jr. 1992. Mechanism of
formamidine synergism of pyrethroids. Pestic. Bio-
chem. Physio]. 43: 13-1-140.

Lotti, 51., C. E. Becker, I'll. ,1. Antinoff, .I. E. ‘Wood-
row, J. N. Soil:-er, R. E. Talcott, and R. J. Rich-
ardson. I933. Occupational exposure to the cotton
defoliants DEF and merphos. A rational approach to
monitoring organophosphonis induced delayed neu-
rotoxicitjr. Dccup. ii-‘led. 2.5: 517-522.

Macho, J. A., and Iii. H. Weeks. I930. Phase ii: acute
toxicity evaluation of i'\i,§~.'-diethyl-meta-toluamide
(M-Det.). Study No. TI-51-D034-51. Ii-larch l'EiTT-]ati-



October 1995 Moss: Srxseorssr

uary IQSU. U.S. Army Environmental Hygiene Agen-
cy, Aberdeen, MD. -

.'t‘Iagnon, G. _l., L. I... Rulrcrt, D. I... I"i.l.ine, and L. W.
Roller-ts. 1991. Hepellency of two DEET formula-
tions and Avon Skin-So-Soft against biting mitiges
{Dipterm Ceratopogonidae] in Honduras. ]. Am.
Mosq. Control Assoc. T: Si]-S2.

Iriatusnturu, F. 1935. Toxicology of insecticides. Ple-
num, New York.

l'rlcCulrc, E. T., W. F. Bu-rthcl, S. I. Gcrtler, and 5. A.
Ilull. 1954. Insect repellents. Ill. Org. Chem. 19:
493-495.

IiIcCain, ‘W. C. 1995. Acute oral toxicity study of pyr-
idostigmine bromide, permetlrrin and DEET in the
lahorrtory rat (Toxicological Study T5-45-2555, 31 May
I225}. Ll.S. Army Center for Health Promotion and
Preventive Medicine, Aberdeen. MD.

Iilclcalf, It. L. 196?. Mode ofaction ofinsecticide syn-
ergists. Ann u. Ftev. Entomol. 12: 222-255.

lilillcr, S. An, D. ‘W, ll‘-liclt, 5. Z. Iiicrcnyi, nml l'tI. Ii.
lilurpliy. 1993. Eliicacy of physostigmine as a pre-
treatment for organophosphate poisoning. Pharmacol.
Iiioclrem. liiehav. 44: 343-34?.

i'iIosnpi, P'.D.P., anti L. I. Terry. 1991. Synergism of
perrnctlrrin by formamitlines in Hclirrilris ciresccrts: a
comparison of chlordimeforrn, Amitra: and a metab-
olite. Soutlrwest. Entomol. I5: I21-123.

liloutrt, I'll. E., G. lilnllcr, ,I. Cool-E, D. l\‘I. Iloislcgc, E.
Ii. Ilicliurtlson, aml A. Artluns. I991. Clinical ill-
ness associatetl with a commercial tick and flea prod-
uct in dogs and cats. ‘vet. Hum. Toxicol. 33: 19-27.

Hutltrtnsun, J. A. I991}. U.S. patent 4,2'[l3,fi9'U.
Ruynunnl, M. I935. Presentation d'un programme Ba-

sic d'analyse log-probit pour micro-ordinateur. Cali.
D.Ii.S.T.CI.M. Ser. Entomol. Med. Pamsitol. 23: 11T-
I21.

Iitrlicrli, L. L., H. E. Coleman, D. A. Lupoitttc, P'., ,l.
5. Martin, Ii. Kelly, unil ,,l. D. Etlman. 1992. Lab-
oratory and field evaluation of five repellents against
the birrck Hies Frrrsirrrrrlirrrrt rrrirrmrrt and PI jitscttrn
(Diptera: Sirnuliidael. Med. Entomol. 22: 25'?-2T2.

or DEET Toxrcrnr 1155

Eatto, l'tI., l'i.. Bell, I'll. llrlurtler, L. Striclts, Y. Stern,
and H. Mayeurt. 1993. Safety and efficacy of oral
physostigmine in the treatment of Alzheimer disease.
Glin. Neuroplrarmacol. IE: E1-E9.

Sehaefer, c.,'sa.| F. W. Peters. I992. Intrauterine
diethyltoluamide exposure and fetal outcome. He-
prod. Toxicol. Ei: 175-ITS.

Schoenig, G. P., Ii. E. Iiartnagel, ,lr., _l. L. scltartlein.
and G. V. Vnrliecs. 1993. Neurotoxicity evaluation
of H.155-diethy'l-m-toluamide (DEETI in rats. Fun-
dam. Appl. Toxicol. 21: 355-3'55.

Schrcclt, G. E., and T. P. llrlcfiovern. 1939. Repel-
lents and other personal protection strategies against
Aeties ellanpicttts. ]. Am. Mosq. Control Assoc. 5: 24?-
2513.

Eun, 'l'., and E. R. joltnson. 19'i'2. Quasi-synergism
and penetration of insecticitles. Econ. Entomol. 55:
342-555.

Tulrtttliaslai, II, Y. I"i.ult.inurnn, and H. Futngnwnf I294.
Non-cholinergic lethality following intravenous injec-
tion ofcarbamate insecticide in rabbits. Toxicology 2'3:
I515-2'il'T.

Vcltri, ,I. ‘IL, T. G. Us-iittitz, D". E. Hrntilortl, urul H.
C. Page. 1994. Retrospective analysis of calls to
poison control centers resulting from exposure to the
insect repellent N,l"~l-diethyl-M-toluarnide {DEET}
from 195.5-I239. Toxicol. Glin. Toxicol. 32: 1-IE.

Tcrsclioylc, ll. ll, A. W. Brown, G. lliolnn, I]. E. Flay,
and T. Lister. 1992. A comparison of the acute tox-
icity, neuropathology, and electropitysiology of l‘~l,hi-
diethyl-m-toluamide and N,1'*l-dimethyl-2,2 —diphen-
ylacetamide in rats. Fundam. App]. Toxicol. 1-S:TEi£3.

Wu, ll, l... G. Costa, nntl 5. D. llrlurplly. I."§|"9[l. The
effect of pesticides CDM and AMI on inhibition of
the binding of tritiated-clonidine to alpha-2-adreno-
receptor in rat forebrain tissue. ‘West Ghina Univ.
Med. Sci. 21: IT-21.

Received firr pnlrrlicerioa 15' September IE25; accepted
rs April teas.


