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Enclosed please find the study which you requested on
mosquitos and the viruses they carry.

We are still waiting for the study on hepititis conducted
at Thomason Hospital in El Paso. It will be mailed to you as
soon as we recieve it. If we can be of further assistance
please do not hesitate to contact us.
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;Eien Campbell
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Dear Mr Trevmo

Enclosed is' a summary of the research my students and T are conductmg w1th.

N mosqultoes ‘We' have been: studymg the sensitivity - of. cherrncal mutagens in mosquitoes;
~ however, our focus at present is on the "Genetics of F11ar1al Development" in the mosquito.
Our mosqulto model is Aedes" aegypti and'the filarial nematode is the human pathogen,.

 Brugia. mala;a Frlarlal nematodes are the causative. agents of the human disease called _
' f11ar1a51s - R : ,

Our research is funded by the Natronal Instrtutes of Health (NIH) through the i
R 'Mmorlty Blomedlcal Research Support (MBRS) Program Current fundlng is $75,000 per = -
~ year until 1991." The Program and my own pro_lect also prov1de fundmg and support for -

students undergraduates as well as graduates S :

: Included also are some artlcles about our work wh1ch ‘have appeared in’ newspapers T
vand the Umversrty of Texas alummus magazme Sombnlla Perhaps this is- what you were
b _referrmg to durlng our phone conversanon s , |

: The reprrnts or sc1ent1f1c artrcles whrch deal w1th our work may also be helpful
L ,'iRepresentatrve pubhcatlons are 1ncluded ‘

R If you need any other materrals please let us. know I can be reached at (5 12) 691-
_’_y:r 5484 or-our NIH/MBRS Offlce at (5 12) 691 4172 ' o :

g Smcerely

:
1

_ «Paul H Rodrlguez Ph D
‘ Professor of Genetics o
and MBRS/MARC Program
) D1rector at UTSA
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SUMMARY OF RESEARCH INTERESTS

Genetig Control of Filarial Development
PAUL H. RODRIGUEZ, PH.D.
PROFESSOR OF GENETICS

; DIVISION OF LIFE SCIENCES
THE UNIVERSITY OF TEXAS AT SAN ANTONIO

Studies will be conducted on the genetic control of filarial susceptibility
and sensitivity of Brugia malayi to chemical mutagens. Specific susceptible and
refractory genotypes of Aedes aegypti mosquitoes will be used, and various
alkylating agents, including ethyl methanesulfonate (EMS), nitrosoguanidine,
thiotepa, and triethylenemelamine (TEM) will be tested. The Jird, Meriones
unguiculatus, will serve as the source of filarial infections for the mosquito
susceptibility studies. Jirds will also be used to test the effects of chemical

- mutagens on infectivity.

Specific and major objectives will include (1) the heritable effects of
chemical-muragén-induced changes in the f™ gene for filarial susceptibility in
known susceptible mosquito genotypes, (2) the molecular influences or changes
associated with the presence or absence of the £™ susceptible gene, (3) the
sensitivity of filarial nematodes to chemical mutagen stress in susceptible
mosquito genotypes, and (4) biochemical and developmental effects of filarial
infectivity subsequent to chemical mutagen exposure.

Mosquito pupae and adults will be exposed to various chemical mutagens.
Viable adults derived from the di=ferent treated stages will be cross-mated with
subsequent backecrosses and intercrosses. Genetic effects will be measured by
biochemical assays for specific lysosomal enzymes and filarial infection experi-
ments to test for chemical-induced changes in the f™ gene. Female susceptible
mosquitoes will be exposed to chemical mutagens before and after filarial infec-
tions to determine the sensitivity of filariae to chemical mutagen stress,
Specific comparative lysosomal enzyme assays and electrophoretic characteriza-
tions will be made to detect molecular changes associated with the £ gene.
Infected and non-infected susceptible and refractory genotypes will be tested at
various time intervals. Infectivity changes in the definitive host will be
measured by biochemical assays, the presence of circulating microfilariae, and
post-mortem examinations of Jirds for adult nematodes.

Significantly, more information will be developed on the effects of chemi-
cal mutagen stress on a host-parasite system. "Likewise, additional and new
information will be gained on the genetic control of filarial susceptibility in
vector hosts as well as the development of such pathogens in vertebrate hosts.
Characterization of specific and non-specific proteins, including lysosomal
enzymes, associated with the presence or absence of the £ gene could lead to
good and reliable molecular genetic marker(s) for filarial susceptibility,
Subsequently, our laboratory will use protein markers as probes to generate
useful plasmid or phage vectors and mosquito DNA libraries. Eventually, studies
such as these could even lead to the identification of mosquito DNA encoding for
filarial susceptibility. Likewise, knowledge gained from the infectivity stu-
dies could be valuable by improving the treatment of filariasis or perhaps by
gaining a better insight into host defense mechanisms. Also, as more is learned .
about chemical-altered changes in filarids and molecular infectivity-induced -
changes in the vertebrate host, better biochemical diagnostic procedures to
detect filariasis in humans and o<her animals could be established.
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Mosquito
Research
Fights
Disease

Mosquitoes, those pesky detractors
from spring’s arrival, are carriers of lethal
diseases in many parts of the world. But
promising research at UTSA might re-
duce the health risk of mosquito bites.

Dr. Paul H. Rodriguez, professor of
genetics, and his students are breeding
mosquitoes resistant to diseases and are
studying the biochemical-molecular ge-
netic mechanisms for the transmission of
mosquito-borne diseases in the hope of
developing better control measures.

As Rodriguez explained, only the
female mosquitoes bite, but their potential
damage is extensive. In humans, that bite
can transmit elephantiasis, encephalitis,
malaria and yellow fever. In dogs, mosqui-
toes are responsible for heartworms.

Rodriguez’s work is focusing on the
mosquito’s transmission of elephantiasis
which is caused by filarial nematodes. The
insect picks up the tiny parasite by biting

14

In the incubator, Dr. Paul Rodriguez exposes a female colony of mosquitoes to

ethyl methane-sulfonate.

an infected host and transmitting it to
another human or animal with the next
bite.

Dr. Rodriguez and colleagues have
recently experimented with filarial sus-
ceptible mosquitoes by treating them
with chemicals to test for changes in the
gene which permit development of the
filarial parasite.

To prevent the mosquito from pick-
ing up the initial parasite Rodriguez
treated the females with chemicals be-
fore they bit a diseased animal.

In a walk-in incubator, Rodriguez
exposed a colony of females to a non-
toxic chemical called ethyl methane-sul-
fonate. The females then mated with
normal males and the first and second
generation offspring were tested for sus-
ceptibility to the nematode. All mosqui-
toes were analyzed for particular en-
zymes and proteins which indicate the

level of resistance the mosquitoes have
developed to the microfilaria.

“We showed that with an increase of
the concentration of the EMS chemicals
we had adecrease in filarial susceptibility,”
said Rodriguez.

Selective breeding of the mosquitoes
exposed to the EMS chemical has pro-
duced a second generation with 64 percent
of the surviving offspring resistant to the
elephantiasis-causing parasite.

The success of Rodriguez's experi-
ment is important to the millions of victims
of this disfiguring disease and could lead
to ways of creating genetically resistant
mosquitoes for other diseases.

“If we can determine the basic genetic
mechanisms for the transmission of filari-
asis, maybe some of these basic principles
could be applicable to malaria, viruses or
other similar insect-borne diseases,” said
Rodriguez.
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REDUCED PRODUCTIVITY IN TRETAMINE-TREATED ADULT
POPULATIONS OF AEDES AEGYPTI (DIPTERA: CULICIDAE)!

Paul H. Rodriguez and Cynthia D. McCreless?

Abstract. Male and female Aedes aegypti mosquitoes of the
feral strain PUGU were given orally 0.001, 0.025, 0.050, and
0.075% triethylenemelamine (tretamine or TEM). Productivity,
or the average number of progeny surviving in a population
over a 2-wk period, was used to assess mutagenic effects. The
mean number of progeny decreased in all but 1 of the exper-
imental populations. Populations in which the parental females
were treated with TEM approximated a linear decrease in the
total mean number of F, progeny as dosage of TEM increased.
Progeny derived from TEM-treated parental males showed a
slight decrease in number in the 0.001% group and a significant
decrease in the 0.025 and 0.075% populations. Doses of 0.050%
TEM induced complete sterility in males.

The mutagenic effects of triethylenemelamine
[2,4,6-tris(1-aziridinyl)-s-triazine; tretamine or
TEM] and other alkylating agents in various or-
ganisms have been reported by several investi-
gators. Relatively few studies, however, have been
conducted on mosquitoes. Also, few investigators
have been concerned with the quantitative effects
produced by such agents in mosquito populations.

TEM has been shown to induce sterility, devel-
opmental changes, and chromosomal damage in
various mammals (Jackson et al. 1958, Lyon & Smith
1971, Cox & Lyon 1975). Several investigators have
shown that TEM induces recessive lethals and
chromosomal translocations in Drosophila melano-
gaster Meigen (Herskowitz 1955, 1956, Ratnayake
et al. 1967). Also, TEM has been reported to in-
duce dominant lethals in Musca domestica L. (North
1967) and to be an effective chemosterilant for the
screwworm, Cochliomyia hominivorax (Coquerel)
(Crystal & LaChance 1962, Crystal 1964). Specif-
ically, dominant lethals were induced in 3-day-old
male house flies by injection, and in 1-day-old
screwworm adults by either topical application or
by feeding.

Esparza & Rodriguez (1975) reported the mu-
tagenic effects of thiotepa on the productivity of
Aedes aegypti (L.) males in a heterozygous labora-
tory strain (ROCK). Oral treatments of 0.025,

! This study was supported in part by grant number RR-
08194 from the General Research Support Branch, Division of
Research Resources, National Institutes of Health, USA.

2 Division of Life Sciences, The University of Texas at San
Antonio, San Antonio, Texas 78285, USA.

0.050, and 0.075% thiotepa induced sterility in
males. Also, the number of F, offspring derived
from parental males treated with 0.001% of the
chemomutagen was significantly reduced. Further
investigations (Rodriguez & Torres, unpubl. data)
have indicated that the number of F, offspring de-
rived from male pupae treated directly with 0.0025,
0.005, and 0.025% thiotepa is affected significant-
ly. Thompson & Rodriguez (1979) described the
effects of ethyl methanesulfonate (EMS) and thio-
tepa on eggs, pupae, and adult populations of Ae.
aegypti. Treatment with EMS did not significantly
reduce egg production, percent hatch, or the total
number of surviving F, adults when administered
at any of the 3 stages. Thiotepa, however, induced
sterility in adults and eggs treated with 0.050 and
0.075%. Also, significant reductions in total mean
F, progeny were found when pupae were treated
with 0.050, 0.075, and 0.10% thiotepa. That same
year, Rodriguez & De La Pefia (1979) published
information on the quantitative effects of TEM on
development of male pupae. A pupal dip method
was used and significant reductions in total F, prog-
eny were demonstrated for all concentrations of
TEM.

The present investigation was undertaken to de-
termine the effects of TEM given to male and fe-
male adults derived from heterozygous popula-
tions of Ae. aegypti. Quantitative estimates, often
used to measure genetic fitness and similar to those
of Crenshaw (1965), Esparza & Rodriguez (1975),
and Thompson & Rodriguez (1979), were em-
ployed. Specifically, productivity, or the average
number of adult F, progeny surviving in a popu-
lation per unit time, was used to assess the muta-
genic effects of the trifunctional alkylating agent.

MATERIALS AND METHODS

All test populations originated from the same
PUGU-strain colony of Aedes aegypti. The strain
was obtained from Professor George B. Craig, Jr,
Director of the W.H.O. International Reference
Centre for Aedes, University of Notre Dame. As
indicated by Rodriguez & Craig (1973), this strain
was initially collected as larvae from tree holes in
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TasLe 1. Total number of F, progeny produced over a 14-
day test period after adult 8 Aedes aegypti were fed TEM and
mated to untreated virgin 99.

corz.éEN- SEx oF ToTAL No. TOTAL MEAN
TRATION  PROGENY PROGENY  PRODUCTIVITY * SE
0 é 568 94.67 = 43.85
Q 607 101.17 = 46.28
0.001 3 598 99.67 + 4.81
Q 561 93.50 + 3.90
0.025 é 10 1.67 = 0.42
Q 13 2.17 + 0.87
0.050 8 0 0.00 = 0.00
? 0 0.00 = 0.00
0.075 3 37 6.17 = 3.71
Q 29 4.83 + 3.12

0.001% concentration of TEM showed a slight in-
crease in total number of F, progeny produced
over 14 days (Table 1 and 2). Specifically, the pop-
ulations in which the parental females were treated
with the chemomutagen approximated a linear de-
crease in the total mean number of F, male and
female progeny as the concentration of TEM was
increased (Fig. 1). The F, progeny derived from
TEM-treated parental males showed a slight de-
crease in the 0.001% group and a significant de-
crease in the 0.025% populations. At 0.050%, how-
ever, complete sterility was induced. Similarly, few
F, progeny were produced in the 0.075% group
(Fig. 1).

A factorial analysis of variance test indicated that
the effect on productivity owing to the concentra-
tions of TEM was statistically significant (F = 9.339,
P < 0.05). However, neither the observed differ-
ences between the male and female progeny (F =
0.003, P > 0.05) nor the interaction of the sexes X

TabLE 2. Total number of F, progeny produced over a 14-
day test period after adult @ Aedes aegypti were fed TEM and
mated to untreated 33.

COI\?E_IEN- SEx oF ToTAL NO. TOTAL MEAN
TRATION  PROGENY PROGENY  PRODUCTIVITY * SE
0 8 568 94.67 + 43.85
Q 607 101.17 + 46.28
0.001 8 676 112.67 + 36.81
? 591 98.50 + 27.00
0.025 3 400 66.67 + 23.68
@ 439 73.17 £ 26.37
0.050 é 201 33.50 = 12.89
@ 202 33.67 + 13.34
0.075 8 61 10.71 + 3.98
Q 81 13.50 + 5.74

Vol. 22, no. 1
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Total Mean Productivity

25¢4

0 0.001 0.025 0.050 0.075
(Control)
% Concentration TEM

Fic. 1. Relationship between percent concentration of
TEM and total mean productivity of F, Aedes aegypti (PUGU),
4 and ¢ progeny inclusive. Solid lines indicate groups in which
& parents were treated orally with TEM; broken lines indicate
populations in which @ parents were exposed to the chemo-
mutagen.

treatments proved to be significant (F = 0.007, P
> 0.05).

A Student-Newman-Keuls’ multiple range test
(Steel & Torrie 1960) was employed to analyze the
specific differences between the means of F, prog-
eny for each test group. Accordingly, several sig-
nificant differences were shown. The 0.001% treat-
ment group in which the parental females had been
exposed demonstrated the greatest mean value of
105.58 F, progeny per culture. This mean was sig-
nificantly different from the means of the 0.025,
0.050, and 0.075% groups in which the parental
males were treated, and from the means of the
0.025 and 0.050% groups in which the parental
females were treated. The control group, which
showed the 2nd highest mean value per culture
(97.92), and the 0.001% population, in which the
parental males were exposed to TEM (96.59),
showed significant differences when compared to
the 0.001% group in which the female parents were
treated (105.58). The 0.025, 0.050, and 0.075%
treatment groups in which the parental females
were exposed showed a significant decrease in pro-
ductivity when compared to the 0.001% treatment
group of parental females.
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the Pugu forest, 32 km west of Dar Es Salaam,
Tanzania, East Africa, in December 1968.

Mosquitoes were reared according to methods
outlined by Craig & VandeHey (1962) and Esparza
& Rodriguez (1975) in a walk-in environmental
chamber (Environmentor, Calumet Scientific, Inc.,
Elk Grove Village, IL) at a temperature of 27 + 1
°C and 85 + 10% rH. All eggs were conditioned
in the incubator 24 h before hatching in 475-ml
(I-pt) cardboard containers with deoxygenated
water (ca. 375 ml of distilled water plus 5 ml of a
solution of liver powder, Nutritional Biochemical
Corp., Cleveland, OH).

Two days after hatching, the larvae were trans-
ferred to round, white enamel pans (General
Housewares Corp., Terre Haute, IN) containing 2
litres of tap water and 15 ml of liver powder so-
lution. Special care was taken to prevent over-
crowding by allowing no more than 200 larvae per
pan. Pans were covered with a clear polyethylene
plastic (Glad Wrap) and secured to prevent con-
tamination of the cultures. Pupation generally oc-
curred 5-6 days after hatching. Pupae were sexed
according to size (females are larger than males)
and transferred to cages constructed from 3.8-litre
(1-gal) paper cartons. Adults were fed on sugar
cubes and water.

Three-day-old male and female mosquitoes were
treated orally with tretamine (TEM) by allowing
them to feed freely for 5 days on sugar cubes con-
taining a given amount of the chemomutagen. The
nitrogenous chemical was supplied by Dr E.R.
Soares, North Carolina University Memorial Hos-
pital, Chapel Hill, North Carolina. Four different
concentrations of TEM were used: 0.001, 0.025,
0.050, and 0.075%. The highest concentration
(0.075%) was initially prepared by dissolving 37.5
mg of TEM in 50 ml of deionized water. The re-
maining 3 concentrations (0.001, 0.025, and
0.050%) were made by dilutions of the 0.075%
solution using the concentration vs. volume rela-
tionship (C,V, = C,V,).

Approximately 0.25 cm® of the chemlcal solution
was applied to each of 4 sugar cubes for a total of
1 cm?® per experimental cage. One group of 60
males and another group of 60 females were ex-
posed to 0.001% TEM. Two other cultures of the
same number of males and females were exposed
to 0.025%. Four other identical cultures were
treated with concentrations of 0.050 and 0.075%,
respectively. One group of 60 male and 60 female
mosquitoes (controls) received no exposure to
TEM.

¢

After treatment with TEM, 9 groups of 20 pair
matings each (including a control) were established
in 3.8-litre (1-gal) mosquito cages. All treated males
were mated to untreated virgin females. Converse-
ly, all treated virgin females were mated to un-
treated males. All matings were replicated once.

To ensure maximum egg production in all mat-
ings, female mosquitoes were given 2 blood meals
prior to mating and at 3-day intervals after mating
using anesthetized mice (Nembutal, Abbott Lab-
oratories, Chicago, IL, diluted to a 10% solution).
Females were allowed to deposit eggs in 148-ml
(5-o0z) oviposition cups, which were lined with a
double thickness of paper toweling and had a cen-
tral moistened cotton plug to prevent desiccation.
Eggs were collected at 4- and 3-day intervals. Also,
a new oviposition cup was provided after each egg
collection and dead adults were counted and re-
moved. Numbers of live F, adult males and females
produced during a 14-day period were recorded
and analyzed statistically.

RESULTS

Mortality for parental males and females that
were treated orally with TEM was variable. About
13% of the control males survived the 14-day test
period and the survival of all of the test grcups was
approximately the same as that of the control
groups. Mortality in the parental females, how-
ever, was significantly different from that of the
parental males. Survival of the control female pop-
ulation was approximately 75%, while 89% of the
females exposed to the 0.001% concentration of
TEM survived. Females exposed to 0.025% TEM
showed little difference from the control groups,
as indicated by 73% survival. Viability of females
treated with the 0.050 and 0.075% TEM differed
greatly from the control groups, as they showed
98 and 93% survival, respectively.

All parental males and females in this study were
about 22 days old by the end of the 14-day test
period. The poor survival of control males is ex-
plained by the longevity of Ae. aegypti males, since
under normal circumstances the PUGU-strain
males have a mean life expectancy of 8.11 days.
The mean life expectancy of females of the same
strain was 24.18 days (Crovello and Hacker 1972).

Based on total number of progeny surviving over
a 14-day test period (total productivity), the mean
number of F, progeny (8 + ¢) decreased in all but
1 of the experimental populations. When com-
pared to the control populations, the group in which
the female parents had been treated orally with a
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DISCUSSION

Dominant lethal mutations believed to be asso-
ciated mainly with with chromosomal breakage
have been used for several years to measure the
mutagenic effects of various chemical agents and
ionizing radiation (Bateman 1958, Barety & Freese
1960, Partington & Bateman 1964). Soares (1972)
and Soares & Crenshaw (1974) have estimated the
frequency of induced dominant lethal mutations
in mice by uterine dissection. With insect systems,
several investigators have reported the induction
of sterilization (Fahmy & Fahmy 1955, 1961, Ber-
tram 1963, Amirkhanian 1972, Grover et al. 1972).
The results obtained in the present study substan-
tiated those of previous investigations and indicate
that dominant lethal mutations induced by TEM
reduced reproductive potential in Aedes aegypti. Si-
multaneously, administration of TEM might have
induced lethal physiological or morphological ab-
normalities during oogenesis.

Exposure to various concentrations of TEM pro-
duced a general decrease in numbers of F, progeny
in all but 1 of the experimental groups. However,
the survival rates of the parents (male and female)
that were treated orally with the alkylating agent
were equal to or greater than those of the controls.
This observation agrees with the experimental data
obtained by Weidhaas et al. (1961), which showed
that when mosquitoes of both sexes were exposed
to different concentrations of the alkylating agent
apholate, survival was normal for concentrations
of 0.01 to 0.5%.

Numbers of F, progeny derived from males that
had been treated orally with TEM showed signif-
icant decreases from the control at the 0.025, 0.050,
and 0.075% concentrations. Complete sterility was
induced at the 0.050% concentration, and very few
progeny were produced by the 0.025 and 0.075%
groups. Esparza & Rodriguez (1975) obtained sim-
ilar results when male mosquitoes were treated
orally with 0.025, 0.050, and 0.075% thiotepa.
However, the 0.001% group produced almost the
same number of F, progeny as did the control pop-
ulation. Auerbach (1967) reported that various al-
kylating agents may have a delayed mutagenic ef-
fect.

Numbers of F, progeny derived from females
treated orally with TEM approximated a linear
decrease compared to control population progeny
as the concentration of TEM increased (Fig. 1).
The 0.050 and 0.075% treatment groups showed
a significant decrease from the controls, while the
0.001% group showed a slight but nonsignificant
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increase over the controls. The 0.025% group also
showed a decrease in productivity, which proved
to be not significant. Studies with apholate on fe-
male mosquitoes have shown that this chemoster-
ilant acts on the ovaries alone, and that the early
formation of follicles is particularly susceptible to
the action of the alkylating agent. Moreover, a fol-
licle beyond this stage may possibly proceed with
uninterrupted development (Rai 1964). Perhaps,
as with the male experimental groups, the lower
concentrations may not have had enough time for
any dominant lethal mutations to show up in the
eggs. The higher concentrations, however, were
probably strong enough to affect even the mature
gonadal cells.

Productivity as used in this study was a com-
pounded measure of adult fecundity, egg fertility,
and progeny viability (Crenshaw 1965, Esparza &
Rodriguez 1975, Thompson & Rodriguez 1979).
However, this did not permit a direct analysis of
TEM effects on fecundity. Recent experiments in
our laboratory with low concentrations of thiotepa
(N,N',N"-triethylene-thiophosphoramide) on Aedes
aegypti specifically showed that this trifunctional
alkylating agent affects egg production. Fewer eggs
were produced and both percent hatchability and
productivity were significantly decreased in F,
progeny derived from surviving females treated
orally and exposed directly during the pupal stage
to 0.001, 0.0025, 0.005, and 0.01% thiotepa (Lar-
son & Rodriguez, unpubl. data). By contrast, egg
production in female mosquitoes was not reduced
when they were mated with males exposed to sim-
ilar concentrations of thiotepa during the same
developmental stages (Rodriguez, Marotta & Ro-
driguez, unpubl. data). Accordingly, TEM proba-
bly also had a direct effect on fecundity when ad-
ministered to Ae. aegypti female adults in the present
study.

Acknowledgments. We are grateful to Prof. George B. Craig,
Jr, Director, W.H.O. International Reference Centre for Aedes,
University of Notre Dame, for supplying the PUGU strain of
Ae. aegypti. We also wish to thank Dr Eugene R. Soares, North
Carolina University Memorial Hospital, Chapel Hill, North
Carolina, for supplying the TEM, and Mrs Karen P. Hoskins
for typing the manuscript.

LITERATURE CITED

Amirkhanian, J.D. 1972. Chemically-induced inheritable
semisterility in the mosquito (Culex pipiens molestus). Expe-
rientia 28: 207-09.

Auerbach, C. 1967. The chemical production of mutations.
Science 158: 141-47.

Bateman, A.J. 1958. Mutagenic sensitivity of maturing germ
cells in the male mouse. Heredity 12: 213-32.



42 J- Med. Entomol.

Barety, E. & E. Freese. 1960. On the mutagenic effect of
alkylating agents. Proc. Natl. Acad. Sci. USA 46: 1585-94.

Bertram, D.S. 1963. Observations on the chemosterilant effect
of an alkylating agent, thio-tepa, on wild caught Anopheles
gambiae var. melas (Theo) in Gambia, West Africa and on
laboratory-bred A. g. gambiae Giles and Aedes aegypti (L.).
Trans. R. Soc. Trop. Med. Hyg. 57: 322-35.

Cox, B. & M.F. Lyon. 1975. The mutagenic effect of triethyl-
enemelamine (TEM) on germ cells of male golden hamsters
and guinea pigs. Mutat. Res. 292-97.

Craig, G.B., Jr & R.C. VandeHey. 1962. Genetic variability
in Aedes aegypti (Diptera: Culicidae) I. Mutations affecting
color pattern. Ann. Entomol. Soc. Am. 55: 47-58.

Crenshaw, J.W. 1965. Radiation-induced increases in fitness
in the flour beetle Tribolium confusum. Science 149: 426-27.

Crovello, T.J. & C.S. Hacker. 1972. Evolutionary strategies
in life table characteristics among feral and urban strains
of Aedes aegypti (L.). Evolution 26: 185-96.

Crystal, M.M. 1964. Sexual sterilization of screw-worm flies
by the biological alkylating agents, tretamine and thiotepa.
Exp. Parasitol. 15: 249-59.

Crystal, M.M. & L.E. LaChance. 1962. The modification of
reproduction in insects treated with alkylating agents. I.
Inhibition of ovarian growth and egg production and
hatchability. Biol. Bull. 125: 270-79.

Esparza, R.J. & P.H. Rodriguez. 1975. Effects of thiotepa on
the productivity of male Aedes aegypti. J. Hered. 66: 172—
74.

Fahmy, O.G. & M.]. Fahmy. 1955. Cytogenetic analysis of the
action of carcinogens and tumor inhibitors in Drosophila
melanogaster. IV. The cell stage during spermatogenesis and
the induction of intra- and intergenic mutations by 2:4:6:
tri(ethyleneimino)-1:3:5:-triazine. J. Genet. 53: 563-84.

1961. Cytogenetic analysis of the action of carcinogens and
tumor inhibitors in Drosophila melanogaster. 1X. The cell-
stage response of the male germ line to the mesyloxy esters.
Genetics 46: 361-72.

Grover, K.K., M.L.L. Pillai & C.M.S. Dass. 1972. Cytogenetic
basis of chemically-induced sterility in Culex pipiens fatigans
Wiedemann. II. Cytopathological effects of certain che-
mosterilants on the gonadal and embryonic tissues. J. Med.
Entomol. 9: 451-60.

Herskowitz, I.LH. 1955. The incidence of chromosomal rear-
rangements and recessive lethal mutations following treat-

Vol. 22, no. 1

ment of mature Drosophila sperm with 2:4:6-tri(ethyl-
eneamino)-1:3:5:-triazine. Genetics 40: 574.

1956. Mutagenesis in mature Drosophila spermatozoa by
“triazine” applied in vaginal douches. Genetics 41: 605-09.

Jackson, H., B.W. Fox & A.W. Craig. 1958. The effect of
alkylating agents on male rat fertility. Br. J. Pharmacol. 14:
149-57.

Lyon, M.F..& B. Smith. 1971. Species comparisons concerning
radiation-induced dominant lethals and chromosome ab-
errations. Mutat. Res. 11: 45-58.

North, D.T. 1967. Sperm storage: modification of recovered
dominant lethal mutations induced by tretamine and ana-
logs. Mutat. Res. 4: 225-28.

Partington, M. & A.]. Bateman. 1964. Dominant lethal mu-
tations induced in male mice by methyl methanesulfonate.
Heredity 19: 191-200.

Rai, K.S. 1964. Cytogenetic effects of chemosterilants in mos-
quitoes. II. Mechanisms of apholate-induced changes in
fecundity and fertility of Aedes aegypti (L.). Biol. Bull. 127:
119-31.

Ratnayake, W., C. Strachen & C. Auerbach. 1967. Genetical
analysis of the storage effect of triethylenemelamine (TEM)
on chromosome breakage in Drosophila. Mutat. Res. 4: 380~
81.

Rodriguez, P.H. & G.B. Craig, Jr. 1973. Susceptibility to Bru-
gia pahangi in geographic strains of Aedes aegypti. Am. J.
Trop. Med. Hyg. 22: 53-61.

Rodriguez, P.H. & M.C. De La Pefia. 1979. Effects of triethyl-
enemelamine (TEM) as a pupal dip to sterilize male Aedes
aegypti (Diptera: Culicidae). J. Med. Entomol. 16: 465-69.

Soares, E.R. 1972. Estimating the frequency of induced dom-
inant lethal mutations in mice. II. The evolution of a new
method. J. Hered. 63: 339-43.

Soares, E.R. & J.W. Crenshaw. 1974. Estimating the frequency
of induced dominant lethals in mice by uterine dissection
after weaning progeny. Mutat. Res. 26: 385-89.

Steel, R.G.D. & J.H. Torrie. 1960. Principles and procedures of
statistics. McGraw-Hill, New York. 489 p.

Thompson, P.A. & P.H. Rodriguez. 1979. Developmental
effects of ethyl methanesulfonate and thiotepa in Aedes aegypti
(Diptera: Culicidae). J. Med. Entomol. 15: 115-21.

Weidhaas, D.C., H.R. Ford, ]J.B. Gahan & C.N. Smith. 1961.
Preliminary observation on chemosterilization of mosqui-
toes. N.J. Mosq. Exterm. Assoc. Proc. 48: 106-09.

ER Py



I Parasit., 70(6), 1984, pp. 1001-1002
*'© American Soclety of Pa:asrtologlsts 1984

Comparatlve Development of Brugla malayi in Susceptlble and
Refractory Genotypes of Aedes aegyptl
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Relatively few papers have been published on

the comparative development of filarids in spe-
cific genotypes of a vector host. Esslinger (1962,
-Am. J. trop. Med. Hyg. 11: 749-758) reported
on the behavior of microfilariae during the first
60 min of Brugia pahangi infections in Anoph-
eles quadrimaculatus. In 1962 Schacher (J. Par-
asit. 48: 679-692) also published detailed infor-
mation on the distinctive morphology of B.
pahangi. mrcroﬁlanae and other larval stages in
both An. quadrzmaculatus and Amerigeres ob-
turbans. Comparative migration of microfilariae
and subsequent behavior and development of B.
patei in’Mansonia:uniformis (Laurence and Pes-
ter, 1961, J. Helminth. 35: 285-300) and B. pa-
hangi in various mosquitoes (Ewert, 1965, Am.
J. trop. Med."Hyg. l4 254-259) have also been
demonstrated

The present paper reports basic quantitative
information on the comparative development of
B. malayi larvae in.susceptible (BLACK EYE)
and . refractory (ROCK) genotypes, of "Aedes
aegypti. Both genotypes were prevrously tested
with B. pahangz. The BLACK EYE strain was

shown as 95% susceptible (Rodriguez, 1973, J. '

Med. Ent. 10: 194-197); whereas, ROCK was
refractory to development of third-stage or L,
larvae (Rodriguez and Craig, 1973, Am. J. trop.
Med. Hyg. 22: 53-61). Accordingly,; 200 3-day-
old female mosquitoes of either strain were fed
simultaneously on 2 jirds, Meriones unguicula-
tus, having a mean microfilarial density of 243
per 20 mm? of blood. Fully engorged mosquitoes
were then placed in an incubator maintained at
27 C with a RH of 80 = 10%. Twenty-five mos-
quitoes from each strain were dissected 2 hr after
infection. Also, 6 other comparable samples of
25 mosquitoes each were dissected at 24-hr in-
tervals over a period of 5 days and at 8 days
post-infection. Mosquitoes were dissected ini-
tially under a'stereoscopic microscope in Aedes
physiological saline (Hayes, 1953, J. Econ. Ent.
46: 624-627) and 1-2 drops of dilute Giemsa,

then termlnated and analyzed under-a binocular
compound microscope. During drssectlon each
female was anesthetized with chloroform and
specrﬁcally separated into head, thorax and ab-
domen using drssectmg needles. Individual parts
were then carefully teased and analyzed. The
number of mrcroﬁlarrae (mf) and subsequently
active developmg larvae (days 1-8) per female
mosquito and stram were recorded.

The. suscepﬁible genotype (BLACK EYE)
maintained an overall infection-of 88% through-
out the 8- day perlod The refractory genotype
(ROCK) was 44% over the same period, de-
creased by 3‘6%‘0n the third day after infection
(2'hr ='88%; 3 days = 52%), and gave 0% sus-
ceptibility at 8 days Both genotypes showed a
decrease in mean number of larvae per female.
However the refractory genotype had a signifi-
cantly greater or*23 -fold decrease by day 3, with-
continuing decreases to 0.4 and 0 mean larvae
at days 5 and 8, respectively (Table I). By com-
parison the susceptible genotype only decreased
4-fold by, day 3 (¢=3.006, P < 0.001) and

TaBLE L. Variation in development of larvae of Brugia
malayi in susceptzble (BLACK EYE) and refractory
(ROCK) genotypes of Aedes aegypti tested at various
time intervals.

Total
Time no. Mean larvae per
Strain interval larvae female + SE
BLACK EYE 2 hr 590 29.5 £ 7.02
1 day 460 19.3 £ 7.12
2 days 425 17.0 £ 7.46
3 days 164 6.8 = 1.44
4 days 222 6.9 £ 1.99
5 days 208 8.0 = 1.67
8 days 69 3.9 £ 0.57
ROCK 2hr 961 38.4 + 9.20
1 day 604 25.9 +9.38
2 days 44 1.8 £ 0.41
3 days 36 1.7 £ 0.77
4 days 0 0.1 £0.11
5 days 6 0.4 +0.22
00

8 days 0
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. showed a significantly greater number of larvae
than the refractory genotype at days 5 and 8 (t =
4.536, P < 0.001 at5 days; ROCK 0L3sat
8 days).

Our results indicate that a susceptible mos-
quito genotype will maintain a higher infection
(88%) and support.a greater number of larvae
(overall mean = 13.06) than a refractory geno-
type (44% susceptible; mean larvae = 9.76). Both
genotypes initially show high.infections (BLACK
EYE = 100% susceptible; ROCK = 88%). How-
ever, significant differences in filarial develop-
ment occur 2-3 days post-infection, with the re-
fractory genotype demonstrating a much greater
decrease in susceptibility and number of "devel-
oping larvae. Eight days post-infection several
larvae will approach complete devélopment in a
susceptible, genotype. By contrast, most larvae

are elixﬁinated by the fifth day in a refractory -

genotype (Table I). Similar changes in filarial de-

. velopment were also,obtained by Morison (1973,
" MLS. Thesis, Univ. Texas Schl. Publ. Hith, Hous-

ton, Texas) and by Rodriguez et al. (unpubl. data)
when specific susceptible and refractory geno-

"types of Ae. aegypti were infected with B. pa-

hangi.

The authors thank Prof. George B. Craig, Jr.,
Director of the ' WHO International Reference
Centre for Aedes, University of Notre Dame, for
supplying the BLACK EYE and ROCK strains.
The strain of B. malayi was from infected jirds
obtained from Dr. John McCall, University of
Georgia through the U.S.-Japan Co-operative
Medical Science Program-NIAID. This study was

* supported in part by NIH Research Grant No.
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with radiation dose but decreased in proportion to
the stage of development reached.

This investigation attempted to determine the
differential effects of a monofunctional alkylating
agent (EMS) and a trifunctional alkylating agent
(thiotepa) on 3 unique stages in the development
of the PUGU strain of Ae. aegypti. Two principal
lines .of inquiry were followed. First, the differen-
tial chemosensitivity of eggs, pupae and adults
were investigated. Secondly, the comparative de-
velopmental effects of the 2 (a monofunctional and
a trifunctional) alkylating agents were studied.

MATERIALS AND METHODS

All test populations originated from the same
colony of a strain of Aedes aegypti designated the
PUGU strain. It is a heterozygous geographic stock
and was obtained from Professor George B. Craig,
Jr, Director of the WHO International Reference
Centre for Aedes, University of Notre Dame. As
reported by Rodriguez & Craig (1973), this strain
was initially collected as larvae from tree holes in
the Pugu Forest, 32 km W of Dar Es Salaam, Tan-
zania, East Africa, in December 1968.

Mosquitoes were reared according to methods
outlined by Craig & VandeHey (1962) and Esparza
& Rodriguez (1975) in both a reach-in incubator
(Scientific Systems, Baton Rouge, La.) and a walk-
in environmental chamber (Environator, Calumet
Scientific, Inc., Elk Grove Village, Ill.) at a tem-
perature of 27 + 1°C and 85 *= 10% rH. Eggs were
hatched in 475-ml (1-pint) cardboard containers
with deoxygenated water—approximately 375 ml
of distilled water plus 5 ml of a solution of liver
powder (Nutritional Biochemical Corp., Cleve-
land, Ohio).

Two or 3 days after hatching, the larvae were
transferred to round white enamel pans (General
Housewares Corp., Terre Haute, Ind.) containing
2 liters of tap water and 5-10 ml of liver powder
solution. Heavy populations of larvae were given
additional water and liver medium to minimize the
effects of overcrowding. The pans were covered
with a clear polyethylene plastic (Glad Wrap) and
secured to prevent any contamination of the cul-
tures. Pupation generally occurred 5-7 days after
hatching, and the pupae were separated according
to sex. Mosquito cages, constructed from 3.8-liter
(1-gal.) paper cartons, were used to rear the adults.
The adults were fed on sugar cubes and water.

One hundred mosquito eggs, 100 pupae, and
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100 adults were exposed to various doses of the
alkylating agents ethyl methanesulfonate (EMS)
and thiotepa (N, N’, N"-triethylene thiophosphor-
amide). EMS is a monofunctional alkylating agent
and was obtained from Sigma Laboratories, St.
Louis, Mo.; thiotepa is a trifunctional chemomu-
tagen which was supplied by Lederle Laboratories,
Pearl River, N.Y. Eggs and male and female pupae
were exposed to 0.025%, 0.050%, 0.075% and
0.10% concentrations of EMS or thiotepa. These
concentrations are comparable to 10, 20, 30, and
40 parts per million, respectively. The highest con-
centration (0.10%) of either chemical was initially
prepared by dissolving 30 mg of thiotepa or 0.3
ml of EMS in 30 ml of deionized water. The re-
maining 3 concentrations (0.025%, 0.050%, and
0.075%) were made by dilutions from either of the
0.10% solutions using the concentrations vs vol-
ume relationship (C,V,; = G,V,).

Exposure of eggs or pupae was accomplished by
placing 10 ml of the appropriate chemical concen-
tration in a 475-ml (1-pint) carton with 235 ml of
water and 5 ml of liver medium. The actual treat-
ment was administered for 24 h. Subsequently, the
eggs or pupae were removed by filtering through
Whatman #4 filter paper and were transferred to
rearing pans containing 2 liters of tap water and
5-10 ml of liver powder mixture. One group of
eggs and 1 culture of pupae (controls) received no
exposure to either EMS or thiotepa. Various mat-
ings, derived from those individual eggs or pupae
surviving chemical exposure, were established in
either 1.9-liter (1/2-gal.) or 3.8-liter (1-gal.) mos-
quito cages.

One hundred male and 100 female adult mos-
quitoes were treated orally by allowing them to
feed freely for 5 days on sugar cubes containing
a given concentration of either of the 2 chemo-
mutagens. Again, 4 different concentrations were
utilized, 0.025%, 0.050%, 0.075%, and 0.10%. Ap-
proximately 0.25 ml of each of the chemical solu-
tions was applied to each of 4 sugar cubes for a
total of 1 ml per experimental cage. One group of
male and female mosquitoes received no treatment
(controls). Each culture consisted of 25 pairs of
mosquitoes. All matings were done in duplicate.
To maximize egg production in all experimental
groups, the females were offered a blood meal us-
ing anesthetized mice (Nembutal, Abbott Labora-
tories, Chicago, Ill., diluted to a 10% solution). The
mosquitoes were fed twice a week and eggs were
collected at 7-day intervals for a period of 3 weeks
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DEVELOPMENTAL EFFECTS OF ETHYL METHANESULFONATE AND
THIOTEPA IN AEDES AEGYPTI (DIPTERA: CULICIDAE)!

By Patricia A. Thompson and Paul H. Rodriguez?

Abstract:  The effects of various concentrations of a mono-
functional alkylating agent, ethyl methanesulfonate (EMS), and
a trifunctional alkylating agent, thiotepa, on 3 stages in the
development of the PUGU strain of Aedes aegypti were tested.
Eggs, pupae, and adult populations were treated with 0.025%,
0.050%, 0.075%, and 0.10% concentrations of the chemomu-
tagens. Viable adults derived from the treated eggs and pupae
were cross-mated, as were the treated adults. Egg production
percentage hatchability, viability, and productivity in the F,
generation were employed to measure the developmental ef-
fects. Treatment with EMS did not significantly reduce egg pro-
duction, percentage hatchability, or total productivity when ad-
ministered at any of the 3 stages. However, thiotepa induced
sterility at all concentrations when male and female adults were
treated. Sterility was induced in eggs treated with thiotepa at
concentrations of 0.050% and 0.075%; a significant decrease in
productivity was shown at both 0.025% and 0.10% thiotepa.
Significant reductions in total mean F, progeny were found at
the 0.050%, 0.075%, and 0.10% concentrations of thiotepa
when the pupae were treated. Overall, EMS was less effective
in altering the life cycle of Ae. aegypti than was thiotepa.

Although several species of insects such as the
pomace fly, Drosophila melanogaster, or the
screwworm, Cochliomyia hominivorax, have been uti-
lized to study the effects of chemomutagens on
diploid systems (Alderson 1965, Cattanach et al.
1968, Crystal 1964, 1971, Fahmy & Fahmy 1955,
1961), relatively few chemomutagen studies have
been conducted on mosquitoes. Also, few investi-
gators have been concerned with the chemosensi-
tivity of various stages in the development of mos-
quitoes.

Alkylating agents are known chemomutagens
(Auerbach 1967) and have been reported to in-
duce sterility. Such chemomutagens have also been
shown to affect productivity and development in
various insects (Vogel 1972, Esparza & Rodriguez
1975). Crystal (1963), for example, induced steril-
ity in male screwworm flies using several chemo-
sterilants, including thiotepa. Working with Aedes
aegypti, Rai (1964) found numerous chromosomal
abberations caused by apholate, a polyfunctional
alkylating agent which can inhibit DNA and lactic

'This study was supported in part by grant number RR-
08077, from the General Research Support Branch, Division
of Research Resources, National Institutes of Health, USA.

*Division of Allied Health and Life Sciences, University of
Texas at San Antonio, San Antonio, Texas 78285, USA.

dehydrogenase synthesis (Fishbein et al. 1970).
Apholate also produced sterility in adult male and
female Ae. aegypti in concentrations as low as 0.10%
(Weidhaas et al. 1961). Bertram (1963) used thio-
tepa to induce sterilization in both Anopheles gam-
biae and Ae. aegypti.

Recently, treatment of adult males of Ae. aegyptz
with thiotepa was shown to induce sterility at con-
centrations of 0.025%, 0.050%, and 0.075% (Es-
parza & Rodriguez 1975). Other investigations
(Rodriguez, unpubl. data) indicate that the pro-
ductivity of F, offspring derived from parental fe-
males treated with 0.001% and 0.025% thiotepa is
also affected significantly.

Ethyl methanesulfonate (EMS) has caused dom-
inant lethal mutations in various organisms. Epler
(1966) found significant numbers of complete
lethals and mosaic lethals after injecting male flies
with doses of EMS ranging from 0.01 to 0.04M.
A similar study by Jenkins (1967) also revealed
induced mosaic and complete “dumpy” mutants
in Drosophila. A study by Lim & Snyder (1968)
detected only a single translocation in more than
2000 EMS-treated gametes. Induced dominant
lethals have also been reported in mice when
males were treated orally with EMS (Cattanach
et al. 1968, Soares & Crenshaw 1974).

Apparently, the effect of chemomutagen treat-
ment is dependent on the stage of development at
which the chemical is administered. Both somatic
cell and chromosomal damage, for example, were
induced with apholate when the 2nd-instar larvae
of Ae. aegypti were treated (Rai 1964). Sharma et
al. (1973) treated male pupae of Culex pipiens fati-
gans with thiotepa to induce sterility. Crystal (1964)
treated adults, prepupae, and pupae of the
screwworm with alkylating agents and found ste-
rility induced when prepupae were immersed in
10% thiotepa for 30 s and when pupae were im-
mersed in 10% thiotepa for 120 s. Sterility was in-
duced in adults treated orally with 0.50% thiotepa.

Recently, Asman & Rai (1972) published a com-
prehensive study on the radio-sensitivity of all
stages in the development of Ae. aegypti. The first
3 larval instars were most highly sensitive due to
their mitotic activity. Mutational damage increased
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TaBLE 3. Total productivity of adult Aedes aegypti (PUGU) when
treated orally with EMS and thiotepa.

% ToTAL No. ToTAL MEAN
CONCENTRATION PROGENY  PRODUCTIVITY * SE
0 488 81.3 + 58.6
0.025 EMS 1468 244.7 £ 77.5
0.050 EMS 1492 248.7 + 69.6
0.075 EMS 1247 207.8 = 74.5°
0.10 EMS 1744 290.7 £ 1138.1
0.025 thiotepa 0 —

0.050 thiotepa 0.16 = 0.16

0.075 thiotepa
0.10 thiotepa

1
0 —
0

tration, no statistically significant differences were
obtained. The control group produced a mean of
153.7 F, progeny. The 0.025%, 0.050%, 0.075%,
and 0.10% EMS-treated populations produced
84.3,36.2, 58.3 and 61.1 F, offspring, respectively.

However, a significant decrease in mean pro-
ductivity was found when the pupae were treated
with concentrations of 0.025%, 0.050%, 0.075%,
and 0.10% thiotepa. The total egg production of
the 0.075% thiotepa-treated populations was also
significantly lower than that of other groups (F =
8.30, P < 0.01).

Eighty-six to 98% of the pupae treated with thio-
tepa emerged. The number of eggs deposited in
the control group was 2027 as compared with
1789, 2195, 817 and 1837 for 0.025%, 0.050%,
0.075% and 0.10% thiotepa-treated groups, re-
spectively. Except for the control which showed a
48.4% hatch and the group treated with 0.025%
thiotepa (hatch = 40.7%), the number of pupae
recovered was 20% or less of the total number of
eggs produced.

Mean productivity for the control populations
was 153.7, while the groups treated with 0.025%,
0.050%, 0.075% and 0.10% thiotepa had 107.8,
35.0, 24.0 and 27.2 mean F, progeny, respectively
(TABLE 2). A monofactorial analysis of variance test
showed that the total productivity of all groups was
significantly different (F = 5.48, P < 0.01). A Stu-
dent-Newman-Keul’s multiple range test (Steel &
Torrie 1960) showed significant decreases in total
mean progeny between the control and all the
treated groups except the 0.025% thiotepa-treated
population.

Effects of adult exposure

Treatment of male and female adult mosquitoes
with 4 different doses of EMS gave no significant
differences in either total egg production or total
mean F, progeny. In the control population, 34%
of the 1458 eggs hatched. The groups treated with
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EMS had an average percentage hatch of 50.5%.
The control group had a mean productivity of 81.3
while the treated populations (0.025%, 0.050%,
0.075% and 0.10% EMS) had means of 244.4,
248.7, 207.9 and 290.7, respectively. TABLE 3 con-
tains a summary of the data with regard to total
mean F, progeny.

Sexual sterility was induced by all doses of thio-
tepa when orally administered to both male and
female adult mosquitoes. Of the 57 eggs produced
in the group treated with 0.050% thiotepa, only 1
pupa was recovered. In the other groups (0.025%,
0.075% and 0.10% thiotepa-treated), 80, 301, 113
eggs were produced. However, none of them
hatched (TaBLE 3). High mortality occurred in all
groups of treated adults during the 2nd and 3rd
weeks.

DISCUSSION

Differential chemosensitivity

The Bergonie-Tribondeau law states that the ra-
diosensitivity of cells is in direct proportion to their
dividing activity (Kaufman 1954). In the devel-
opment of Ae. aegypti, it would be expected that
the developing embryo and other larval instars
would be highly susceptible to radiation damage,
while pupal and adult stages would be less sensi-
tive. An investigation by Asman & Rai (1972)
found this to be the case. The present study at-
tempted to apply this relationship to chemosensi-
tivity. However, no discernable trend was observed
with either EMS or thiotepa treatment at the egg,
pupal or adult stage.

Treatment with the monofunctional chemomu-
tagen EMS did not significantly reduce egg pro-
duction, percentage hatchability, or total produc-
tivity when administered at any of the 3 stages (FIG.
1). By contrast, thiotepa significantly reduced pro-
ductivity at all 3 stages. When compared to the
adults and eggs, the pupae seemed to be the most
chemoresistant (FIG. 2).

Eggs hatched in this study were at least 2 weeks
old, thus, fully embryonated. After a 24-h treat-
ment with EMS, there was no reduction in the
number of eggs hatched or in the number of viable
emerging adults. Asman & Rai (1972) also found
that older embryonated eggs were more resistant
than any of the larval instars. No doubt delayed
hatching reduces the sensitivity of the eggs due to
the quiescent state of the cells. However, treatment
with thiotepa did cause a significant reduction in
viability.
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TABLE 1. Total productivity of adult dedes aegypti (PUGU) de-
rived from eggs treated with EMS and thiotepa.
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tabLE 2. Total productivity of adult Aedes aegypti (PUGU) de-
rived from pupae treated with EMS and thiotepa.

% ToTAL NoO. ToTAL MEAN % ToraAL No. TOTAL MEAN
CONCENTRATION PROGENY PRODUCTIVITY * SE CONCENTRATION PROGENY PRODUCTIVITY * SE
0 446 74.3 + 14.3 0 922 153.7 + 47.6
0.025 EMS 723 120.5 + 33.2 0.025 EMS 506 84.3 = 30.2
0.050 EMS 750 125.0 + 28.2 0.050 EMS 217 36.2 = 9.9
0.075 EMS 295 49.1 = 18.9 0.075 EMS 350 58.3 + 42.9
0.10 EMS 575 95.8 + 30.7 0.10 EMS 370 61.7 = 14.8
0.025 thiotepa 87 14.5 = 8.6 0.025 thiotepa 647 107.8 = 31.5
0.050 thiotepa 0 — 0.050 thiotepa 210 35.0 £ 25.5
0.075 thiotepa 0 — 0.075 thiotepa 144 24.0 + 9.4
0.10 thiotepa 139 23.2 +12.2 0.10 thiotepa 163 272 +6.5

following the 1st blood meal. Numbers of eggs
laid, pupae (male and female) and viable adults
(male and female) were recorded for each group.

RESULTS

Effects of egg exposure
Aedes aegypti eggs treated with 4 different doses

of EMS (0.025%, 0.050%, 0.075%, and 0.10%)
showed no significant reduction in either egg pro-
duction or total productivity. The treated eggs
hatched normally. The control group had a 50%
hatch while the EMS-treated eggs showed a 49%
to 58% hatch. Ninety percent of the adults were
recovered from these cultures and were mated as
mentioned previously. The control group pro-
duced a total of 917 eggs, whereas the populations
exposed to 0.025%, 0.050%, 0.075% and 0.10%
concentrations of EMS produced 1327, 1311, 672,
and 1102 eggs, respectively. The percentage hatch
for the control and experimental populations
ranged from 49.5% to 61.1%. The percentage
hatch was determined by the number of viable pu-
pae collected over a period of 4-8 days posthatch.
Based on an analysis of total mean productivity
over a period of 3 weeks, the mean number of
male and female F, progeny showed variable re-
sults. The control group produced a mean of 74.3
F, progeny per population. In contrast, both the
0.025% and 0.050% EMS-treated groups showed
higher means of 120.5 and 125.0. The 0.075% and
0.10% EMS-treated populations produced means
of 49.1 and 95.8 F, progeny (TABLE 1). An analysis
of variance, however, showed no significant differ-
ences between the groups (F = 1.73, P > 0.05).
Sexual sterility was induced by treatment of the
eggs with 0.050% and 0.075% thiotepa. Concen-
trations of 0.025% and 0.10% thiotepa produced
significant reductions of both egg production (F =
5.60, P < 0.01) and the total mean number of F,

progeny (F = 11.50, P < 0.01). Eggs treated with
thiotepa had a percentage hatch ranging from
25% to 42%, in contrast to the control, which had
a 50% hatch. More than 90% of the pupae
emerged in the control and 0.025%-treated pop-
ulations. For the 0.050%, 0.075%, and 0.10% thio-
tepa-treated groups, less than 50% of the pupae
became viable adults.

A representative group of the surviving adults
was mated and those treated with 0.075% thiotepa
produced no eggs over a 3-week period. The
0.050% thiotepa-treated group produced 6 eggs,
none of which hatched. The 0.025% and 0.10%
thiotepa-treated populations produced 329 eggs
and 526 eggs, respectively. Approximately 28% of
the eggs from these groups hatched, whereas the
control had 49.5% hatch. Based on total produc-
tivity for a 3-week period, the populations treated
with 0.025% and 0.10% thiotepa showed a signif-
icant decrease in the mean number of F, progeny
(F =11.50, P <0.01). The control groups had a
mean of 74.2 offspring; the 0.025% and 0.10%-
treated populations had means of 14.5 and 23.2
offspring (TABLE 1).

Effects of pupal exposure

Treatment of mosquito pupae with the 4 doses
of EMS yielded no significant deviation from the
control. Even after a 24-h treatment with EMS,
more than 90% of the pupae in all populations
emerged and became viable adults. Matings within
each population produced the following counts of
eggs: control, 2027; 0.025% EMS-treated, 1797,
0.050% EMS-treated, 851; 0.075% EMS-treated,
1402; and 0.10% EMS-treated, 1047. Forty-eight
percent of the control eggs hatched, while per-
centage hatchability in the EMS-treated groups
ranged from 26% to 40%. Although the number
of F, progeny derived from pupae treated with
EMS decreased with an increase in EMS concen-
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FIG. 2. Comparison of the mean productivity per 2 mos-
quito of 3 developmental stages of Aedes aegypti treated with
4 concentrations of thiotepa.

Comparative chemomutagen effects

Evidence from cytological studies regarding the
induction of dominant lethals supports the obser-
vation that an increase in the number of functional
groups of a chemomutagen yields a proportionate
increase in the number of gross chromosomal
changes. Since the degree of lethality correlates
directly with chromosomal damage, those chemo-
mutagens producing greater numbers of gross
chromosomal mutations should yield proportion-
ately greater damage in an experimental organism.
Fahmy & Fahmy (1961) showed that the presence
of 2 active groups favored the induction of a
higher number of complete breaks, as wecll as a
higher frequency of small deficiency recessive le-
thals, when compared with the monofunctional
analogue. A more comprehensive study (using
mono-, di-, tri-, and tetrafunctional alkylating
agents) demonstrated that the frequency of dom-
inant lethals increased with the number of func-
tional groups present in the mutagen (Vogel
1972). In contradistinction, monofunctional agents
produced few small deletions but a high number
of mosaic mutations, which were expressed in sub-
sequent generations (Snyder & Oster 1964, Ald-
erson 1965).
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The number of transitional changes and possible
depurinations of DNA caused by the concentra-
tions of EMS used (0.025%, 0.050%, 0.075%, and
0.10%) was probably not sufficient to induce visible
mutagenic abnormalities. Thiotepa, however, was
apparently able to cross-link DNA strands (pri-
marily in germinal cells), which caused substantial
chromosomal breakage with subsequent decrease
in fertility and fecundity.

The stage of development reached has been
shown to be an important factor in determining
the sensitivity of Ae. aegypti to mutagenic agents.
The current study failed to support that conclu-
sion when differential chemomutagen tests were
performed on eggs, pupae, and adults. A signifi-
cant difference was recorded, however, between
the action of EMS and thiotepa. These results
strongly reinforce the observation that there is a
major qualitative difference between the effects of
monofunctional and polyfunctional alkylating
chemicals (Lim & Snyder 1968). Expanding the in-
vestigation of chemosensitivity to include the larval
instars of this mosquito, as well as higher dosages
of EMS, could probably yield additional positive
results.
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1978 Thompson & Rodriguez:

Apparently, somatic cell damage induced by
thiotepa at the egg stage caused a decrease in
hatchability. Of those pupae that did develop, less
than 50% emerged. When the surviving adults
were mated, egg production was either signifi-
cantly decreased or, as in the case of treatment
with 0.075% thiotepa, totally absent. Radiation giv-
en in earlier stages also produced marked effects
in the reproductive potential of this organism (As-
man & Rai 1972). Eggs which did escape lethal
somatic damage showed minimal productivity or
sterility. One replicate of 0.10% thiotepa was re-

sponsible for all the offspring in that group and

probably escaped lethal mutations due to an en-
vironmental influence. It is doubtful that this re-
sistance was induced by the mutagen. Both somatic
and germinal cell damage occurred when the em-
bryonated egg was treated with thiotepa.
Treatment of male and female pupae with EMS
had no effect on development. Matings of viable
adults showed reduced egg production as well as
a decrease in mean F, progeny, but the differences
were not statistically significant. Perhaps higher
doses of this chemomutagen would have induced
visible effects, including chromosomal damage.
The pupal stage of several insects has been
shown to be resistant to somatic damage but sus-
ceptible to lethal germinal mutations. Sterility, for
example, was induced in male Culex pipiens fatigans
by exposing male pupae to 0.6% thiotepa for 3 h,
but sterility was not accompanied by reduced vigor
of the adults (Sharma et al. 1973). Grover et al.
(1972) reported an absence of significant damage
in the testes of young adult mosquitoes, Cx. p. fa-
tigans, after pupal treatment with 3580 ppm tepa.
This was probably due to decreased mitotic activity
during the advanced stages of spermatogenesis.
Failure of EMS to affect the production of off-
spring in Ae. aegypti was probably due to the low
concentrations that were administered. EMS-in-
duced dominant lethals were reported by several
investigators in both Drosophila (Fahmy & Fahmy
1961, Alderson 1965, Epler 1966, Jenkins 1967)
and mice (Cattanach et al. 1968, Soares & Cren-
shaw 1974). However, a study by Vogel (1972)
showed that 2000 um of the monofunctional A3,
(2-ethyleneimino-5,6,7,8-tetrahydronaphtho-
quione-1,4) was ineffective in producing domi-
nant lethals in mature and immature oocytes of
Drosophila melanogaster. In addition, only a single
translocation was detected in a study of over 2000
EMS-treated gametes of Drosophila (Lim & Snyder
1968). Perhaps future studies on EMS-treated
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FIG. 1. Comparison of mean productivity per ¢ mosquito
of 3 developmental stages of Aedes aegypti treated with 4 con-
centrations of EMS.

adults should incorporate the effects of recessive
lethal mutations, mosaics, and chromosomal dam-
age in the F, and subsequent generations.

In the present study, thiotepa treatment of
adults induced sterility. Fecundity was also re-
duced. These data support various studies in
which sterility was induced in insect populations
using different polyfunctional alkylating agents
(Weidhaas et al. 1961, Bertram 1963, Rai 1964,
Esparza & Rodriguez 1975). In general, it required
higher doses of the chemomutagen to produce ste-
rility in the female mosquito than in the male. Mat-
ings in which both male and female mosquitoes
were treated have produced even greater reduc-
tion in fecundity and fertility (Rai 1964). This com-
pound effect would account for the complete ste-
rility found at even the lowest dose (0.025%
thiotepa) in the present study.
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EFFECTS ON THE PRODUCTIVITY OF IRRADIATED MALE
POPULATIONS OF AEDES AEGYPTI
(DIPTERA: CULICIDAE)!

Although several species of insects such as Drosophila
melanogaster or Habrobracon juglandis have been utilized to
study the effects of ionizing radiation on diploid systems
(Grosch, 1962, Annu. Rev. Entomol. 7 89-106), relatively
few radiation studies have been conducted on mosquitoes.
Also, few investigators have been concerned with the
genetic effects on fitness produced by ionizing radiation
in mosquito populations. In 1953, Terzian (J. Immunol.
72: 202-06) demonstrated that X rays can induce mortality
in Aedes aegypti. Subsequently, Terzian & Stabler ‘1958,
Biol. Bull. 115: 536-50) showed that gamma radiation
can affect fertility and fecundity in this species of mosguito.
Irradiation has also been used to induce mutations
(VandeHey & Craig, 1959, Bull. Entomol. Soc. Am. 5:
113) as well as sterility in Ae. aegypti and other mosquitoes
(McCray, Jenson & Schoof, 1961, Proc. N. J. Mosq. Ext.
Assoc. 48th Annu. Meet., p. 110-15; Morlan, McCray &
Kilpatrick, 1962, Mosq. News 22: 295-300; Weidhaas,
Schmidt & Seabrook, 1962, Mosq. News 22: 283-91).
Cytogenetic damage (Rai, 1963, Caryologia 16: 595-607),
radiation-induced translocations (McDonald & Rai,
1970, Science 168: 1229-30; Rai, McDonald & Asman,
1970, Genetics 66: 635-51; Lorimer, Hallinan & Rai,
1972, J. Hered. 63: 159-66), and inversions (McGivern &
Rai, 1972, J. Hered. 63: 247-55) have also been reported
in Ae. aegypti. Recently, Asman & Rai (1972, J. Med.
Entomol. 9: 468-78) showed that ionizing radiation can
cause developmental changes in this mosquito.

The present pape- reports the genetic effects on fitness
of gamma radiation given to male adults derived from
heterozygous populations. Quantitative techniques, siuch
as those of Crenshaw (1965, Science 149: 426-27), were
employed. Productivity or the average number of prog-
eny born to heterozygous carriers of irradiated chroro-
somes per unit time was used to assess the radiation effects.
All test populations originated from a wild-type laboratory
strain (ROCK) of Ade. aegypti, which was obtained from
Prof. George B. Craig, Jr, Director of the W.H.O. Inter-
national Reference Center for Aedes, University of Notre
Dame. Mosquitoes were reared according to methods
published by Craig & VandeHey (1962, Ann. Entomol.
Soc. Am. 55: 47-58) and Esparza & Rodriguez (1975, J.
Hered. 66: 172-74) in an environmental chambsr
(Scientific Systems Model 148) with a temperature of
27 4 1°C and 85% + 109, rH.

In preparation for i-radiation, pupae were isolated and
sexed, and the males which emerged were aged for 2 days.
These were randomly alloted to 5 groups of 75 each, and
then placed in plastic vials (100 mm X 30 mm) lined
with a small piece of wet paper toweling. Three of the
groups were irradiated, but with different unfractionated
doses of 1000, 3000, and 5000 rads at 54.73 rads per min.;
the other 2 groups werz kept as untreated controls. The

TABLE 1. Total productivity over a 3-week test period of F,
Aedes aegypti (ROCK) derived from 29 heterozygous for ir-
radiated chromosomes.

TOTAL MEAN

RapiaTion TOTAL NO. PRODUCTIVITY +
DOSE (RADS) SEx PROGENY SE

0 33 4059 338.25 4 50.60

R 3912 326.00 4- 42.90

1000 33 ' 3320 276.67 4 41.28

92 3201 266.75 4 29.62

3000 33 3558 296.50 4 43.02

9 3140 261.67 4= 37.32

5000 33 2725 227.08 + 31.13

o) 2551 212.58 + 24.65

radiation source was a Picker reactor containing cobalt-60,
located at the Bexar County Hospital in San Antonio,
Texas. After irradiation, 5 groups of 20-pair matings
(including 2 controls) were established in 1-gal. (3.8-liter)
mosquito cages. All the treated and untreated males
were mated to untreated females. Subsequently, the F,
male progeny of the 2nd untreated control group were
backcrossed to the F, female progeny of all the other groups
(1 untreated, 3 treated). Again, each culture consisted
of 20 pairs of animals and all matings were replicated once.
To ensure maximum egg production, female mosquitoes
were given blood meals using anesthetized mice (Nembutol,
Abbott, diluted to 10%,) at 3-day intervals. ‘The number
of live F, male and female adults produced during a 3-week
test period was recorded.

Based on total productivity for a 3-week test period, the
mean number of F, progeny showed a general decrease
with increased radiation exposure (TABLE 1). A factorial
analysis of variance test indicated that the effect in pro-
ductivity due to treatments or radiation dose was statistical-
ly significant (df 3,88; F=2.868; P<0.05). However,
the observed differences between male and female groups
were not significant statistically (df 1,88; F=0.434;
P>0.05). A Student-Newman-Keuls multiple range
test (Sokal & Rohlf, 1969, Biometry, W. H. Freeman &
Co., San Francisco, 776 p.) showed that only populations
in which parental males were exposed to 5000 rads gave a
significant decrease in productivity when compared to the
control population. At this level of gamma radiation,

TABLE 2. Mean productivity during a 3-week period of F,
Aedes aegypti (ROCK) derived from 9 heterozygous for
irradiated chromosomes, 33 and 9 of F, progeny inclusive.

MEAN WEEKLY PRODUCTIVITY + SE

" iThis study was supported in part by Grant Number RR-
08077, from the General Research Support Branch, Division
of Research Resources, National Institutes of Health.

TREAT-

MENT Week 1 Week 2 Week 3
Control 446.38 4- 66.11 299.25 4+ 43.00 250.75 + 34.24
1000 rads 378.75 4- 39.07 269.75 4 23.29 166.63 + 28.19
3000 rads 289.25 4- 38.08 354.00 4 44.54 194.00 + 49.67
5000 rads 244.88 + 37.28 156.00 + 33.71

258.63 + 17.72
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only a mean of 219.83 F, males and females per culture
was produced. By comparison, the control groups pro-
duced a total mean of 332.13 F, progeny per culture.
Populations in which parental male mosquitoes were
exposed to 1000 rads and 3000 rads produced a total mean
of 271.71 and 279.08 male and female F, offspring,
respectively.

Mortality was high for the F, females having an irradia-
tion background of 5000 rads. Of the 40 females used in
the backcross populations, only 24, or 60%,, survived after
3 weeks. The control populations, however, showed a
viability rate 13% higher than that of the 5000-rad group.
Seventy-three percent of the mosquitoes in the 1000-rad
and 3000-rad groups also survived the testing period.

TABLE 2 summarizes the mean weekly productivity of
the F, progeny. Although an increase in productivity
was observed for the 3000-rad and 5000-rad populations
from week 1 to week 2, a higher mean number of F,
offspring were recorded for the control and other experi-
mental groups during the lst-week period. Analysis of
the data, however, indicates that significant differences
between the 5000-rad experimental and control popula-
tions occurred during this same l-week period. The
control culture gave a mean of 446.38 offspring as com-
pared to a mean of 244.88 for the 5000-rad population
(¢=2.655, P<0.05). Other 2-sample #-tests (Sokal &
Rohlf, 1969, loc. cit.) demonstrated that the observed
differences in productivity among the 1000-rad and 3000-
rad groups for each week were not significant statistically
when compared to the control population (P>0.05 in all
cases; t=0.881 and 2.060, t=0.603 and 0.884, t=1.897
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and 0.941, respectively, for weeks 1, 2 and 3).

Productivity of F, offspring derived from parental males
exposed to 5000 rads of gamma radiation showed a sig-
nificant decrease in comparison with the controls. Ex-
posure of parental males to 1000 and 3000 rads reduced
productivity but not significantly so when compared
statistically with the control population. These observa-
tions indicate that polygenic mutations at doses of 5000
rads reduced fitness or reproductive potential in Ae.
aegypti.  Alternatively, reproductive potential could have
been reduced by an increased number of chromosomal
aberrations induced at this level of gamma radiation.
Lorimer et al. (1972, loc. cit.) have reported the isolation
and identification of 2 reciprocal translocation homozygotes
by exposing young Ae. aegypti males to doses of 1800 and
3500 rads of gamma irradiation. The fact that the
5000-rad F, population displayed a higher mortality rate
than did the others could also be correlated with a reduc-
tion in F, productivity. Also, high doses of radiation
stress could affect the longevity of Ae. aegypti males.
Under normal circumstances the ROCK strain females
have been shown to have a mean lifetime of 21.91 days;
the mean expected lifetime for males of the same strain
was 6.77 days (Crovello & Hacker, 1972, Evolution 26:
185-96).

I am grateful to Prof. George B. Craig, Jr for supplying
the ROCK strain of Ae. aegypti. I also wish to thank
Dr Robert G. Waggner for his assistance during the
radiation processes.—Paul H. Rodriguez, Division of
Allied Health and Life Sciences, The University of Texas
at San Antonio, San Antonio, Texas 78285, U.S.A.
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DOMINANT LETHAL EFFECTS OF THIOTEPA IN MALE AEDES AEGYPTI
(DIPTERA: CULICIDAE)!

Abstract. The chemosterilizing effects of low concentrations
of thiotepa on Aedes aegypti were tested. Three-day-old males
were treated with 0.001, 0.0025, and 0.005% thiotepa by al-
lowing them to feed freely for 5 days on sugar cubes containing
the chemical mutagen. Egg production, percent hatchability,
and productivity (average number of adult progeny surviving
over 1 week) were used to assess mutagenic effects. Although
egg production was higher in thiotepa-treated groups, the ef-
fects were not statistically significant when compared to un-
treated populations. By contrast, hatchability and the mean
number of F, progeny were reduced at concentrations of 0.001
and 0.0025%. Male sterility was induced with 0.005% thiotepa.

Thiotepa (N,N’,N"-triethylenethiophosphoramide,
Lederle Laboratories) has been used to study chemo-
sterilant effects in several insects including the house fly,
Musca domestica L. (La Brecque, Adcock & Smith, 1960,
J. Econ. Entomol. 53: 802-05; Painter & Kilgore, 1964,
J. Econ. Entomol. 57: 154-57), the screwworm, Cochlio-
myia hominivorax (Coq.) (Crystal, 1963, J. Econ. Entomol.
56: 468—73), and the mosquitoes Anopheles gambiae Giles
and Aedes aegypti (L.) (Bertram, 1963, Trans. R. Soc.
Trop. Med. Hyg. 57: 322-35). Esparza & Rodriguez
(1975, J. Hered. 66: 172-74) reported the effects of
thiotepa on productivity in male Ae. aegypti of a hetero-
zygous laboratory strain (ROCK). Oral treatments of
0.025, 0.050, and 0.075% thiotepa induced sterility in
males. Moreover, the number of F, progeny derived from
parental males treated with 0.001% of the chemical mu-
tagen was significantly reduced. Thompson & Rodriguez
(1979, J. Med. Entomol. 15: 115-21) described the ef-
fects of thiotepa on eggs, pupae, and adults of Ae. aegypti.
Thiotepa induced sterility in adults and infertility in eggs
treated with 0.050 and 0.075%. In addition, significant
reductions in total mean F, progeny were demonstrated
when, using a pupal dip method (Rodriguez & De La
Pefia, 1979, J. Med. Entomol. 16: 465-69), pupae were
treated with 0.050, 0.075 and 0.10% of the chemical
mutagen. ;

The present paper reports the detection of dominant
lethals when adult male Aedes aegypti (ROCK) were treat-
ed orally with low levels of thiotepa, an alkylating agent.
Quantitative estimates often used for genetic fitness ef-
fects, and similar to those of Crenshaw (1965, Science
149: 426-27), Esparza & Rodriguez (1975, loc. cit.), and
Thompson & Rodriguez (1979, loc. cit.), were employed.
Egg production, percent hatchability, and the average
number of male and female F, adults surviving in a pop-
ulation over 1 week (productivity) were used to assess
the mutagenic effects of thiotepa. All test populations

! This study was supported in part by grant number RR-
08194-04 from the General Research Support Branch, Division
of Research Resources, National Institutes of Health.

originated from the same colony of a wild-type labora-
tory strain (ROCK) of Ae. aegypti, which was obtained
from Prof. George B. Craig, Jr, Director of the WHO
International Reference Centre for Aedes, University of
Notre Dame. Mosquitoes were reared according to
methods described by Craig & VandeHey (1962, Ann.
Entomol. Soc. Am. 55: 47-48) and Esparza & Rodriguez
(1975, loc. cit.) in a walk-in environmental chamber (En-
vironator, Calumet Scientific, Inc., Elk Grove Village,
IL) at a temperature of 27 + 1 °C and 85 *+ 10% RrH.

In preparation for chemical exposure, pupae were iso-
lated and sexed, and males that emerged were aged for
3 days. These were then randomly allotted to 4 groups
of 50 each and placed in 3.8-litre (1-gal) paper-carton
mosquito cages. Three of the groups were exposed to
concentrations of 0.001, 0.0025, or 0.005% thiotepa by
allowing them to feed freely for 5 days on sugar cubes
containing a total of 1 ml of the chemical solution per
experimental cage. One group, with sugar cubes con-
taining 1 ml of deionized water as solvent, was kept as
untreated controls. After treatment with thiotepa, 1 un-
treated and 3 treated groups of 10 mosquitoes of each
sex were established in reusable 1.9-litre (Y2-gal) mos-
quito cages. All treated and untreated males were ex-
posed to untreated virgin females. Also, all matings were
repeated. To ensure maximum egg production, female
mosquitoes were given 2 blood meals before mating and
at 3-day intervals after mating using anesthetized mice
(Nembutal, Abbott Laboratories, Chicago, IL, diluted
to a 10% solution). The number of eggs produced, per-
cent egg hatch, and the number of F, male and female
adults surviving for 1 week were recorded.

Untreated females mated with treated males exhibited
greater egg production. However, 2-sample ¢-tests (Sokal
& Rohlf, 1969, Biometry, W.H. Freeman & Co., San Fran-
cisco, 776 p.) indicate that these differences are not sig-
nificant. The control group laid 1012 eggs, while the
0.001 and 0.0025% groups produced 1562 and 1512
eggs, respectively (¢ =1.159, P > 0.05; ¢t =2.106, P >
0.05). Although also not significant (¢ = 2.562, P > 0.05),
the 0.005% group produced the highest number of eggs
(1642). By contrast, percent hatchability was significantly
reduced in all experimental populations. In the control
population, 815 (81%) of the eggs hatched. The 0.001%
group gave rise to 446 larvae, or 29% egg hatch; at
0.0025% only 99 larvae, or 7% hatch, were obtained.
Sterility was induced at 0.005%, since no larvae (0%
hatch) were produced. Based on total number of adults
surviving (total productivity) for 1 week, the mean num-
ber of F, progeny decreased with increased concentra-
tion of thiotepa (Table 1). Mean productivity for the
control population was 199.5, while the groups treated
with 0.001, 0.0025, and 0.005% thiotepa had 103.0,
22.5, and 0 mean F, progeny, respectively. Two-sample
t-tests (Sokal & Rohlf, 1969, loc. cit.; Ryan, Joiner &



344

TasLe 1. Total number of F, progeny produced over a 7-day
test period after adult 8 Aedes aegypti were fed thiotepa and
mated to untreated virgin 99.

% TOTAL MEAN
CONCENTRA- SEx oF ToTAL No. PRODUCTIVITY*
TION PROGENY  PROGENY + SE
0 3 366 183 + 71.01
Q 432 216 £+ 51.00
0.001 3 226 113 = 33.01
Q 186 93 + 19.00
0.0025 8 54 27 £ 1.00
Q 36 18 = 0.00
0.005 3 0 0
Q 0 0

* Average number of F, adults surviving over 1 week.

Ryan, 1976, Minitab student handbook, Duxbury Press,
North Scituate, MA, 341 p.) demonstrated that the ob-
served differences were not significant at 0.001% (¢t =
2.383, P =0.055) and were statistically significant at
0.0025% (¢t = 4.779, P < 0.01). Figure 1 summarizes the
results and compares the effects of thiotepa as measured
by the mean number of eggs, larvae, and adults (male
and females) produced in the F, generation.

These observations indicate that dominant lethal mu-
tations induced by low levels of thiotepa reduced repro-
ductive potential in Ae. aegypti. Simultaneously, admin-
istration of thiotepa might have induced other lethal
physiological or morphological abnormalities during
spermatogenesis. In addition, lethals are manifest during
larval and adult development (Fig. 1). Earlier studies
(Esparza & Rodriguez, 1975, loc. cit.; Thompson & Ro-
driguez, 1979, loc. cit.) reported sterility and reduction
of reproductive potential in Ae. aegypti ingesting 0.025,
0.050, and 0.075% thiotepa. Recently, Rodriguez &
Torres (unpubl. data) showed that direct pupal exposure
to 0.0025, 0.005, and 0.025% thiotepa induced sterility
in males of this mosquito. Also, direct pupal exposure
to 0.01% thiotepa still produced a significant decrease
in reproductive potential in the 2nd generation. A 1-wk
test period was used in experiments described herein
because parental males and females were about 15 days
old by the end of the study period. Moreover, a previous
study on the effects of tretamine in Ae. aegypti adults
(Rodriguez & McCreless, 1985, J. Med. Entomol. 22: 38—
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Fic. 1. Relationship between percent concentration of
thiotepa and mean numbers of eggs, larvae, and adults (¢ and
9) of F, Aedes aegypti (ROCK).

42) gave poor survival of males by the end of a 14-day
test period.

We are grateful to Prof. George B. Craig, Jr, for sup-
plying the ROCK strain of Ae. aegypti. We also thank Mrs
Karen P. Hoskins for typing the manuscript. The junior
author submitted part of this work as a Science Fair
Project at Pat Neff Middle School, San Antonio, Tex-
as.—Paul H. Rodriguez and Karl A. Rodriguez, Divi-
sion of Life Sciences, The University of Texas at San
Antonio, San Antonio, Texas 78285, USA.
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DEVELOPMENTAL EFFECTS OF BRUGIA PAHANGI (NEMATODA:
FILARIOIDEA) TO HIGH TEMPERATURE IN SUSCEPTIBLE
GENOTYPES OF AEDES AEGYPTI
(DIPTERA: CULICIDAE)!

By Paul H. Rodriguez?

Abstract: The sexsitivity of developing Brugia pahangi larvae
to high temperaturz stress was tested in 3 known susceptible
genotypes of Aedes aegypti. Three-day-old female mosquitoes
were fed on infectec jirds (Meriones unguiculatus), then subjected
to 27° (control), 32°, and 37°C. Mosquitoes were dissected
8 to 10 days after infection and the number of active, fully
developed 3rd-stage larvae per female mosquito was analyzed.
All 3 strains demcnstrated an average decrease of 179% in
susceptibility when maintained at 37°C. Both the PUGU and
SOFTI strains were decreased by 34% and 119%, respectively.
The BWAMBA strzin gave a slight decrease of 7%,. However,
the mean number of infective larvae (L;) per female supported
at 37°C was reduced significantly. BWAMBA and PUGU
displayed a 2-fold decrease in Ly; SOFI gave a 1-fold decrease,
which was also significant (t = 2.945, P<0.01). Although both
the BWAMBA and SOFI strains showed slight increases in
susceptibility and mean L, at 32°C, these differences were not
statistically significant when compared to the controls at 27°C.

Variation in the susceptibility of vectors of
filariasis may be partially caused by environmental
factors (Macdonald 1967, 1971). In 1967, Beam
demonstrated that temperature influenced the de-
velopment of Dirofilaria immitis (Leidy) in Aedes

'This study was supported by The University of Texas at
San Antonio. Facilities used were those of The University of

Texas Medical School, Department of Biochemistry, San
Antonio, Texas.

Division of Allied Health and Life Sciences, The University
of Texas at San Antonio, San Antonio, Texas 78285, U.S.A.

sollicitans (Walker). Brunhes (1969) showed that
temperature affects the susceptibility to as well as
the developmental rate of Wauchereria bancrofti
(Cobbold) in both Anopheles gambiae Giles and
Culex pipiens fatigans Wiedemann. The optimum
temperature for the development of this filarid was
30°C. At 20°C, larvae did not become infective
until the 27th day. El-Dine & Habib (1969),
working with C. pipiens, also demonstrated that the
susceptibility to and the developmental rate of W.
bancrofti were dependent on temperature. At 18° to
22°C, microfilariae did not develop beyond the
sausage stage throughout a 4-week period.
Rodriguez & Thompson (1974) have recently
reported that high temperatures can affect the
development of Brugia pahangi (Buckley & Edeson)
in a highly susceptible laboratory strain (BLACK
EYE) of Aedes aegypti (L.), originally derived from
selection experiments (Macdonald 1962). Female
mosquitoes maintained 8 to 10 days postinfection
at 30° and 35°C showed a 209, decrease in sus-
ceptibility when compared to others placed in
normal temperatures of 27°C. Likewise, the mean
number of infective larvae per female supported at
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the higher temperatures was reduced significantly.
Infected BLACK EYE mosquitoes placed in tem-
peratures of 37°C gave similar but more significant
results.

This paper presents additional information on the
quantitative effects of high temperature stress on the
development of B. pahangi in known susceptible
genotypes of A. aegypti. Three geographic strains,
previously shown to have the f™ factor for sus-
ceptibility to B. pahangi, were used, and the females
were subjected to different temperatures following
simultaneous infections.

MATERIALS AND METHODS

Clawed jirds, Meriones unguiculatus, infected with
Brugia pahangi were obtained from the University
of Georgia through the U.S.-Japan Cooperative
Medical Science Program—NIAID. The strains of
Aedes aegypti used were obtained from Professor
George B. Craig, Jr., Director of the W.H.O.
International Reference Centre for Aedes, University
of Notre Dame. Their history and place of origin
have been reported elsewhere (Rodriguez & Craig
1973). ;

Mosquitoes were reared according to methods
outlined by Rodriguez & Craig (1973) and Craig &
VandeHey (1962). Briefly, conditioned eggs were
hatched using deoxygenated water. Larvae were
cultured in round, white enamel pans (General
Housewares Corp., Terre Haute, Ind.) containing
200 ml of water and fed on a solution of liver powder
(Nutritional Biochemical Co.). Special attention
was given to ensure that cultures were not crowded.
Pupation generally occurred on days 5 and 6 after
hatching. Adults, placed in gallon (3.8-liter) paper
cages, were fed on sugar cubes and water.

Three-day-old female mosquitoes were starved
for 24 hr and infected using jirds having a mean
microfilarial density of 157 per 20 mm?3 of blood.
The same 2 jirds were used in each of 3 separate
feeding experiments. In each experiment, 350 to
375 female mosquitoes were exposed to infection.
In the course of 2 replicates, 100 fully engorged
females were selected, then placed in 1 of 3 incuba-
tors at 27° (controls), 32°, and 37°C, respectively,
with relative humidities as high as 809, + 109%,.
To minimize desiccation, 2 oviposition cups, having
cotton balls and lined with paper toweling, were
placed in each of the 6 cages used per strain or
experiment.

Mosquitoes were dissected 8 to 10 days postinfec-
tion in 2 to 3 drops of Aedes physiological saline
(Hayes 1953) under a stereoscopic microscope.
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The ‘number of active, fully developed 3rd-stage
larvae per female mosquito was recorded.

RESULTS

TABLE 1 summarizes results from 3 separate ex-
periments wherein susceptible genotypes were in-
fected, then subjected to different temperatures.
Likewise, 3 different strains, BWAMBA, PUGU,
and SOFI, were tested. A previous study
(Rodriguez & Craig 1973) established that the f™
factor for susceptibility to B. pahangi had frequencies
as high as 0.73, 0.61, and 0.57, respectively, for the
3 strains.

Mosquito mortality for all 3 strains was high at
37°C. Of the 325 females subjected to this tem-
perature postinfection, only 228 or 70%, survived.
Some 849, survived at both 27° and 32°C. Of the
3 strains, BWAMBA showed a mortality rate about
139, higher than the other 2:strains at both 27° and
32°C. At 37°C, BWAMBA gave a higher mor-
tality of 219%,.

Females maintained at 37°C demonstrated an
overall decrease of 179, in susceptibility (27°C =
43%; 32°C = 44%,; and 37°C = 279,). How-
ever, both the PUGU and SOFTI strains gave more
marked decreases at 37°C. Susceptibility for
PUGU was decreased by 34%,; SOFI showed an
119, decrease. Both BWAMBA and SOFI dis-
played slight increased susceptibility rates at 32°C.

TABLE 2 shows variation in the development of
infected, viable, 3rd-stage larvae when susceptible
genotypes were maintained at different tempera-
tures. The mean number of infective larvae per
female supported at the higher temperatures was
markedly reduced in all 3 strains. For both
BWAMBA and PUGU, the mean number of infec-
tive larvae was twice as great at 27°C than at 37°C.
Two-sample ¢-tests (Sokal & Rohlf 1969) indicate
that these differences are significant (t = 2.708,
P<0.01; t=4.947, P<0.001, respectively, for

TABLE 1. Effects of temperature on the development of Brugia
pahangi in susceptible genotypes of Aedes aegypti fed on jirds
with an average 157 mf/20 mm?® of blood.

Q9 TESTED
TEMPERA- % % showing

STRAIN TURE (0°C)  No. mortality L3
BWAMBA 27 95 22 © 41
32 89 22 48

37 71 43 38

PUGU 27 90 - - 10 49
32 96 4 44

37 75 25 15

SOFI 27 94 6 38
32 85 15 41

37 82 18 27
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TABLE 2. Variation in the development of infective larvae of
Brugia pahangi in susceptible genotypes of Aedes aegypti sub-
jected to different temperatures.

" No. INFECTIVE LARVAE PER G

TEMPERA-
STRAIN TUuRE (0°C) Range ‘Mean + S.E.
BWAMBA 27 1-19 3.43 £ 0.591
32 1-24 3.66 0.591
37 1-11 1.61 0.32C
PUGU 27 1-15 2.21  0.37€
32 1-20 2.18 0.372
37 1-4 0.29 0.096
SOFI 27 1-19 1.65 0.322
. 32 1-19 1.80  0.380
37 1-8 0.60 0.153

BWAMBA & PUGU). At 37°C, the decrease for
SOFI was 1-fold and also significant (t = 2.945,
P<0.01). Although slight increases in the mezn
L; were obtained at 32°C for the BWAMBA and
SOFT strains, these differences are not statistically
significant (P>0.C5 in both cases; t= 0.275,
t=0.301, respectively, for BWAMBA and SOFI).

DISCUSSION

Although various studies have been conducted cn
the influence of environmental temperature upcn
vertebrates and invertebrates (Prosser 1973), rela-
tively few experiments have been reported on the
effect of high temperature stress on the susceptibility
and development of a parasite in a vector host.
Most important among the latter are studies per-
formed on cestodes. Voge & Turner (1956)
reported that high temperature affects the develop-
ment of cysticercoids of Hymenolepis diminuta in
Tribolium confusum. Temperatures below 15°C and
above 37°C proved to be unsuitable. Voge &
Heyneman (1958) and Voge (1959) described
structural abnormalities in these larvae when grown
in confused flour beetles at supraoptimal temperz-
tures of 38.5° and 40°C. Comparable temperature
effects were demonstrated for the larval development
of H. nana (Voge & Heyneman 1958) and H.
microstoma (Voge 1963) in Tribolium confusum.

The results of the present work show that higa
temperature stress affects the development of Brugia

“pahangi in geographic strains of Aedes aegypti of
known susceptible genotypes. These data support
those of earlier publications which showed sensitivity
of developing cysticercoids and microfilariae in
vector hosts subjected to high temperature. Like-
wise, the effects of such an environmental stress
(37°C at 8 to 10 days postinfection) are quantita-
tively similar to those reported by Rodriguez &
Thompson (1974) for a laboratory-synthesized,

susceptible strain. In both studies, percentage
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susceptibility and the number of 3rd-stage larvae
supported per female were significantly reduced at
37°C. : ' '

Exposure to 32°C gave favorable results in the 3
strains tested. Susceptibility rates and the number
of infective larvae per female were similar to those
obtained for infected mosquito females maintained
at 27°C (TABLE 1, 2). Although not statistically
significant, the BWAMBA and SOFI strains showed
slight increases in susceptibility and mean L,
Based on these studies and those with the BLACK
EYE strain (Rodriguez & Thompson 1974), it
appears that favorable development of B. pahangi
is accomplished at 27° to 32°C. Temperatures of
35°C and above may be unsuitable.

Variability in the development of B. pahangi in
the 3 strains at 27° and 32°C could be attributed
to differences in gene frequency for the f™ factor.
These data support those of an earlier publication
(Rodriguez & Craig 1973) which showed genetic
variation in susceptibility of 4. aegypti to B. pahangi.

The fact that the BWAMBA strain displayed a
much higher mortality rate than the other strains
could possibly be attributed in part to a change in
microfilarial density. The same 2 jirds, originally
with microfilarial densities of about 105 per 20 mm3
of blood, were used throughout the study to keep
environmental factors constant. Mean microfilarial
densities for the PUGU and SOFI experiments were
110.5 and 97.0, respectively. For the BWAMBA
experiment, however, a density of 257 mf per
20 mm? of blood was recorded.

The higher mortalities obtained at 37°C for all
3 strains were probably due to the lowered humidities
produced at this temperature. Working with
various strains of Aedes aegypti, Machado-Allison &
Craig (1972) have shown that African strains of
feral origin (subspecies 4. a. formosus Walker)
display low resistance to desiccation. Both
BWAMBA and PUGU gave higher mortalities when
exposed to decreased relative humidities. The
SOFT strain, also of feral origin, was not tested for
resistance to desiccation. Humidities were kept as
high as 80 4 10% and the oviposition cups were
constantly refilled with water. The latter, however,
lost moisture more rapidly at 37°C.

High temperature stress might have induced
lethal physiological or morphological abnormalities
in developing B. pahangi larvae. Various studies
(Prosser 1973) have reported that high temperature
is limiting or lethal by protein and lipid denaturation
and by the acceleration of some reactions relative to
others. As mentioned above, exposure to high
temperature has been shown to induce structural
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abnormalities in developing cestode larvae (Voge
& Heyneman 1958, Voge 1959). Currently, other
studies are being pursued to substantiate this
hypothesis. Likewise, detailed experiments will be
conducted on the effects of temperature on infec-
tivity and development of B. pahang: in the ver-
tebrate host.

Acknowledgments: 1 acknowledge with gratitude the technical
assistance of Anthony H. Gonzalez.
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DIFFERENTIAL DEVELOPMENT OF BRUGIA PAHANGI IN
LABORATORY STRAINS OF AEDES AEGYPTI!

By Paul H. Rodriguez?

Abstract:  Six inbred lines and 7 marker strains of Aedes
aegypti were tested for susceptibility to Brugia pahangi. Five-day-
old female mosquitces were fed on infected jirds, Meriones
unguiculatus; 9 to 12 days after infection, mosquitoes were
dissected. Mosquitoes were considered susceptible if they pro-
duced viable 3rd stage larvae. As a control, each strain was
tested along with REFM, a synthetic laboratory stock where
43% of the females tested were susceptible. Nine of the 13
laboratory strains of A. aegypti were completely refractory.
Among the refractory strains were 4 of the inbred lines and 5
of the marker stocks. A line inbred for 86 generations had a
very low susceptibil:ty rate (2%). However, a line which
originated from Uganda showed 239, and 319, after 7 and 8
generations of inbreeding. Of the marker strains, 1 (PLS) was
7% susceptible; ancther (BLACK EYE) gave 95%. The
former was derived from a line previously selected for refractori-
ness to Plasmodium gallinaceum, whereas the latter originated
from a stock selected for filarial susceptibility.

Although Faust (1949) listed Aedes aegypti 'L.)
as a natural vector for Wuchereria bancrofti (Cobbald),
this mosquito is generally not considered an im-
portant intermediate host for human filariasis.
However, it has been infected in the laboratory
with Bancroftian microfilariae (Henrard et al.
1946), and is frequently used as an experimental
vector for various filariae (Kartman 1953, Schacher
1962, Nelson et al. 1962, Ash & Schacher 1971).

Research is currently being conducted in our
laboratory on the genetic basis of filarial sus-
ceptibility in A4. aegypti. Brugia pahangi (Buckley &
Edeson) is being used as the filarioid model. As
demonstrated by Ash & Riley (1970), the jird
Meriones unguiculaius has proved to be an effic’ent
vertebrate host for this nematode.

The present study was undertaken to establish
more information on the development of filariae
in different laboratory strains of 4. aegypti. Several
inbred stocks and genetic marker strains were
tested for infections to B. pahangi.

MATERIALS AND METHODS

Jirds, Meriones unguiculatus, infected with B.
pahangi were first obtained from Dr Paul E. Thomp-
son (School of Veterinary Medicine, University of

'This investigation was supported in part by U.S. National
Institutes of Health Research Grant No. AI-02753 and NIH
Postdoctoral Fellowship No. AI-50639.

*Department of Biology, University of Notre Dame, Notre
Dame, Indiana 46656, U.S.A. Present Address: Division of
Earth and Life Sciencss, University of Texas at San Antcnio,
San Antonio, Texas 78228, U.S.A.

Georgia), through the U.S.—Japan Cooperative
Medical Sciences Program. Thereafter, uninfected
jirds, from 6 weeks to 3 months old and maintained
in our laboratory, were infected with infective
filarial larvae by techniques similar to those re-
ported by Ash & Riley (1970).

The strains of A. aegypti used are listed in TABLE
1. These were obtained from the reference collec-
tion maintained by the W.H.O. International
Reference Centre for Aedes, University of Notre
Dame. Mosquitoes were reared according to the
methods outlined by Rodriguez & Craig (1973)
and Craig & VendeHey (1962).

Five-day-old female mosquitoes were starved for
24 hr and fed at random on infected jirds having
microfilarial densities of 24 to 261 per 20 mm? of
blood. The jirds were anesthetized with 0.4 cc
to 0.6cc of 209 nebutal (Nembutal Sodium,
Abbott Laboratories). Subsequent to infection,
the female mosquitoes were supplied with apple
and mated to a comparable number of males within
24 hr. The jirds’ abdomens were shaved closely
with animal clippers before each feeding. At the
time of feedings, 20-mm? blood smears were made
by collecting blood from the jird’s tail and stained
with dilute Giemsa.

In each experiment, 150 female mosquitoes were
exposed to infection in the course of 2 replicates
with 75 each. From these, 100 engorged females
were selected and held 9 to 12 days for dissection.
The number of mosquitoes remaining alive after
this period were dissected in 2-3 drops of Aedes
physiological saline (Hayes 1953) with the aid of
a stereoscopic microscope. The number of infective
3rd stage larvae per female mosquito was recorded.
Mosquitoes were classified as susceptible if one or
more active, fully developed 3rd stage larvae were
present.

The various laboratory strains of mosquitoes
were tested in 6 separate feeding experiments.
The REFM strain (TABLE 1) was used as a control
in each experiment. In most cases, 2 strains of
mosquitoes were fed simultaneously on the same
jird; 2 mosquito cages (gallon paper cartons) were
placed in proximity with the jird overlapping each
cage. The period of exposure was 45 min. and
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TABLE 1. Laboratory strains of Aedes aegypti used in Brugia pahangi susceptibility surveys.

STRAIN PLACE OF ORIGIN History
I. Inbred Strains*

BLPCO Fyq Laboratory synthesis Originated from mutants black palp (bip)
and compressed antenna (co), both isolated
from a Ghana strain, GSAL. Inbred for 38
generations.

BW F, Bwamba Co., Uganda Originated from the BWAMBA strain. In-
bred for 7 generations.

BW F, Bwamba Co., Uganda Originated from the BWAMBA strain. In-
bred for 8 generations.

GKEP F,, Kpedome, Ghana Originated from the GKEP strain. Inbred
for 18 generations.

NESC Fy Ness Ziona, Israel Originated from a laboratory colony; re-
ceived from M. Bat-Miriam, Institute for
Biological Research. Inbred for 86 genera-
tions, since 1960.

RJB ¥, Laboratory synthesis Originated from the ROCK strain, labo-
ratory-reared at Rockefeller University
over 25 yrs. Inbred for 7 generations.

VN F,, Saigon, Vietnam Originated from the VIET-NAM strain.

II. Marker Strains

REFM Laboratory synthesis
BLACK EYE Laboratory synthesis
BZ/WH Laboratory synthesis
SMA WH/BZ * Laboratory synthesis
WHITE EYE Laboratory synthesis
MYS Laboratory synthesis
PLS Ilobi, Nigeria

MIN BLT Laboratory synthesis

Inbred for 20 generations.

Received from W. W. Macdonald, Liver-
pool School of Tropical Medicine, England
in 1965. Homozygous for red eye (re) &
selected for filarial susceptibility (fm™).
Received from R. Gwadz, School of Public
Health, Harvard University in July 1971.
Previously from A. R. Barr, UCLA. Origi-
nated from Liverpool School of Tropical
Medicine; selected for filarial susceptibility
(f™) by W. W. Macdonald.
Contains bronze (bz) and white eye (wh)
on linkage group 1.
Contains bronze (bz), white eye (wh) and
small antenna on linkage group 1.
Contains white eye (wk) on linkage group 1.
Contains Silver mesonotum (S§i) and spot
abdomen (s) on linkage group 2.
Originated from the ILOBI strain. Selected
by W. L. Kilama in 1970 for refractoriness
to Plasmodium galli Located on linkage

. group 2.

" Contains mutants miniature (min) and black
tarsi (blt) on linkage group 3.

*Lines inbred by single-pair brother-sister matings.

approximately half way through, the front end of
the jird was reversed.

RESULTS

TABLE 2 shows results from 6 separate infection
experiments. Inbred stocks were tested in Experi-
ments 1, 2, and 3. In Experiments 4, 5, and 6
marker strains were analyzed. Of the inbred
stocks, BWAMBA gave 239, positive in a line
inbred for 7 generations and 319, after 8 genera-
tions of inbreeding. The NESC Fg line was only
2% susceptible. Of the marker strains, BLACK
EYE was 959, susceptible and PLS was 79,. All
the other marker stocks were 09,.

The control strain, REFM, was also tested in
each of the 6 experiments extending over a period
of approximately 7 months. The percent infections

were 26, 61, 35, 50, 56, and 30. In all, 401 mos-
quitoes were dissected and the mean percent infec-
tion for the 6 experiments was 439,.

Mosquito mortality was quite variable. In the
control REFM, a range of 20 to 729, mortality was
obtained with an average of 339, for the 6 experi-
ments. In 2 experiments with the inbred BWAM-
BA, there was an average of 279, susceptibility
and 219, mortality. However, the BLACK EYE
strain had a susceptibility of 959, and 59, mortal-
ity. The refractory marker strains ranged from
19 to 439, mortality; the refractory inbred lines
showed mortality rates of 27 to 559,.

TABLE 3 summarizes variation in those laboratory
strains of A. aegypti that did support the development
of infective viable 3rd stage larvae. Although the
REFM, BLACK EYE, and inbred BWAMBA
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TABLE 2. Experiments demonstrating susceptibility of various
inbred and marker strains of Aedes asgypti when fed on jirds
infected with Brugia pahangi.

FEMALE MOsSQUITOES

0,

EXPERI- &_ No. wﬁh
MENT Mean no. dis-  3rd
NO. mf/20 mm?® Strain sected stage

1 ND-11 45 REFM 73 26

BWr, 64 23

ND-17 125 GKEP r,, 67 0

NESC Fgq 66 2

2 ND-22 89 REFM 28 61

BW F, 94 31

3 ND-22 82 REFM 80 35

BLPCO F,, 65 0

RJB F, 45 0

VN F,, 73 0

4 ND-11 119 REFM 70 50

BLACK EYE 95 95

5 ND-22 54 REFM 73 56

BZ/WH 79 0

ND-26A 24 SMA WH/BZ 62

MIN BLT 66 0

ND-26B 261 WHITE EYE 81 0

MYS 57 0

6 ND-29 183 REFM 77 30

PLS 74 7

strains showed a similar range in the number of
infective larvae per female, the mean that each sup-
ported is indeed different. The BLACK EYZ
had a mean numker of infective larvae 3 times
as great as the REFM control. A non-factorizl
analysis of variance (ANOVA) test (Steel & Torrie
1960) indicates that this difference is highly signif-
icant (F=46.35; P<<0.005). The inbred BWAMBA
lines also displayec a higher mean number of
infective larvae than did REFM; nevertheless,
these differences proved to be statistically non-
significant (F = 0.87; P>0.05). Thus, the BLACK
EYE strain seems to be a much better laboratory
model than REFM for the development of B.
pahangi filariae in this mosquito. Theoretically this
should hold true for human filariae as well (Mac-
donald & Ramachandran 1965). Were it not for
the high mortality rates, the inbred BWAMBA
lines could also serve as efficient laboratory models.

DISCUSSION

Macdonald (1962a) selected for an Aedes aegypti
strain (Liverpool) susceptible to infection with
semi-periodic Brugia malayi (Brug). In 1 genera-
tion, the infection rose from 17 to 949,. Main-
taining this strain thrcugh 15 generations, he obtain-
ed a mean susceptibility rate of 859,. Genetic
experiments indicated that the mode of inheritance
for filarial susceptibility (f™) was monofactorial,
recessive, and sex-linked (Macdonald 1962b). Sub-
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sequently, Macdonald & Ramachandran (1965)
demonstrated that the f™ factor controlled the
development of both forms of Wuchereria bancrofti,
Brugia malayi, and B. pahangi.

Analyses of the various inbred stocks and marker
strains of A. aegypti in the present study revealed
that the majority are refractory to B. pahangi
infections (TABLE 2). Of the 6 inbred lines tested,
only 1 demonstrated susceptibility (BW F, = 239,;
BW F; =31%). The marker strain BLACK

EYE was 959, susceptible, while the PLS only
showed 79,.

Both the REFM and BLACK EYE stocks now
maintained in our laboratory are substrains of
Macdonald’s highly susceptible line. Presumably,
both are homozygous for filarial susceptibility or
S™, the difference being that REFM has a red eye
(re) marker but BLACK EYE does not (TABLE 1).
Theoretically our substrains should have been

similar in susceptibility to those reported by Mac-
donald.

The results with our BLACK EYE strain were
similar to those of Macdonald. R. Gwadz (un-
publ. data) and J. McCall (pers. commun.) have
also reported comparable results with this strain.
However, REFM gave different susceptibility rates.
A range of 26 to 619, with a mean rate of 439,
was obtained for all 6 experiments. These data
support an earlier publication (Rodriguez &
Craig 1973) in which REFM gave an overall
average of 489, in 11 experiments. Susceptibility
in the latter ranged from 23 to 639%,. Undoubtedly
the better of the 2 laboratory models for the

development of microfilariae in A. aegypti is the
BLACK EYE strain.

Aedes aegypti mosquitoes susceptible to B. pahangi
have been shown to have a higher mortality than
refractory mosquitoes (Townson 1971). Perhaps
red eye in REFM acts as an additional selective pres-
sure against this strain thereby lowering its fitness
and susceptibility below that of BLACK EYE.

TABLE 3. Variation in capacity to develop infective larvae in
those laboratory strains of Aedes aegypti showing susceptibility

to Brugia pahangi.
FEMALES TESTED

sh oi/sing No. INFECTIVE LARVAE

infective PER FEMALE
STRAIN No. larvae Range Mean-S. E.
BLACK EYE 95 95 1-27 8.854-0.645
REFM* 70 50 1-27 2.66 0.634
BW r, 64 23 1-28 3.59 0.916
BW F, 94 31 1-26 3.90 0.713
PLS 74 7 1-40 0.85 0.564
NESC g 66 2 1 0.02 0.015

*Data based on Experiment 4, TABLE 2.
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Recent life-table studies, in which various A. aegypti
strains were compared, indicate that a strain with
red eye is out-performed by “wild-type” or black-
eyed strains (Crovello & Hacker 1972). In the
present experiments, REFM displayed a higher
mortality than did BLACK EYE (taBLE 2, Ex-
periment 4).

The inbred BWAMBA line (BW F, and BW Fy)
was derived by single-pair, brother-sister matings
from a stock (BWAMBA) that proved to be 539,
susceptible to B. pahangi (Rodriguez & Craig 1973).
Presumably, this inbred line was reasonably isogenic
and homozygous for the f™ locus and should have
had a higher susceptibility than 319,. Macdonald
(1963) has reported that the penetrance of the f™
factor is not complete and that its expressivity is
variable. Obviously, this is a complex problem
and was not dealt with here. However, a filarial-
susceptible, isogenic line could prove useful for
more penetrance studies as well as certain other
genetic experiments.

The PLS strain was selected for refractoriness to
Plasmodium  gallinaceum (see TABLE 1). Genetic
crosses (Kilama & Craig 1969) established that
the refractory condition is controlled by a simple
autosomal recessive factor (plis) located on linkage
group 2 between the markers Silver mesonotum
(8%) and dieldrin-resistance (DI). There is now
also evidence that the PLS strain is relatively sus-
ceptible to Brugia pahangi infections. Even though
PLS did display a low filarial susceptibility rate
(7%), a strong selection program could produce a
better laboratory model with 2 physiological
markers, a sex-linked susceptible to B. pahangi and
an autosomal refractory to P. gallinaceum.
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HE mutagenic effects of various alkylating agents
in insects have been reported by several workers.
However, few investigators have been concerned with
the genetic fitness effects of induced mutations produced
by such chemicals.
Administration of sublethal doses of nitrogen mus-
tards?, nitrogen mustard derivatives, and esters of
methane sulfonic acid®® have produced complete sterili-
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zation of male Drosophila. Oral treatment with apholate,
tepa, and aphamide has been shown to sterilize male and
female house flies'®. Crystal®® and Crystal and
LaChance? have demonstrated the utility of various
alkylating agents in the chemosterilization of the screw-
worm fly, Cochliomia hominivorax (Coquerel).

Bertram® has described the chemosterilization of
Aedes aegypti and Anopheles gambiae with thiotepa.
Treatment of second-stage larvae of 4. aegypti with
apholate has been shown to induce both somatic and
chromosomal damage !2. Likewise, apholate treatment of
the larvae of this mosquito has been reported to produce
developmental abnormalities in a variety of adult tis-
sues® and pathological changes in the male accessory
glands !,

The present study concerns the genetic fitness effects
of thiotepa (N, N’, N"-Triethylenethiophosphoramide,
Lederle Laboratories) on Aedes aegypti when adult
males were treated orally with the alkylating agent.
Productivity or the average number of adult progeny
surviving in a population per unit time was employed to
estimate genetic fitness.

Materials and Methods

All test populations originated from the same ROCK
strain colony of Aedes aegypti (L.). The strain itself is a
wild-type laboratory stock and was obtained from
Professor George B. Craig, Jr., Director of the WHO

o
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Notes

International Reference Centre for Aedes, University of
Notre Dame. Mosquitoes were reared according to the
methods outlined by Craig and Vende Hey* in an
insectary at a temperature of 27 + 1°C and 85 =+ 10
percent relative humidity. Briefly, conditioned eggs were
hatched using deoxygenated water. Larvae were placed
in round white enamel pans (General Housewares
Corp., Terre Haute, Ind.) containing 200 ml of water
and fed on a solution of liver powder (Nutritional
Biochemical Co.). Special attention was given to ensure
that cultures were not crowded. Pupation generally
occurred on days 5 and 6 after hatching. Adults were
placed in cages constructed from gallon paper cartons
and were fed on sugar cubes and water.

Two-day-old male mosquitoes were treated orally with
thiotepa by allowing them to feed freely for five days on
sugar cubes containing a given concentration of the
chemomutagen. Approximately 0.25 cc of the chemical
solution was applied to each of two sugar cubes for a
total volume of 0.50 cc per each experimental cage. One
group of 20 male mosquitoes was exposed to 0.001
percent thiotepa; three other identical groups were
treated with coacentrations of 0.025 percent, 0.050
percent and 0.075 percent, respectively. Two groups of
20 male mosquitoes (controls) received no exposure to
thiotepa.

Post chemical treatment, six groups of matings (in-
cluding two controls) were set up to produce the
following types of control and experimental crosses:
untreated females X untreated males, untreated
females x treated males, and untreated females X un-
treated males. Subsequently, the F, progeny from the
second untreated control group were backcrossed to the
F, offspring derived from the parental matings of the
first control and experimental groups (Table I).

Crosses were established in one gallon mosquito
cages. Each culture consisted of 20 females and 20
males; a total of two replicates were established for each
of the six groups. To ensurre maximum egg production,
female mosquitoes were given blood meals using anes-
thetized mice (10 percent Nembutal solution, Abbott) at

Table 1. Experimental design to test the genetic fitness effects of
thiotepa on populations of Aedes aegypti (ROCK)
when male parental adults were treated orally

Percent
Groups concentration Crosses*
Parental
1 0 202 2(u) X 2033 (u)
2 0.001 202 2(u) x 203 3(t)
3 0.025 209 2(u) x 203 3(t)
4 0.050 202 2(u) x 203 3(t)
S 0.075 202 2(u) x 203 3(t)
6 0 202 2(u) X 203 3(u)
Backcrosses

20 F;2 2(u x u) x 2083 (6)u
20 F;22(u x t) x 2083 (6)u

* t = thiotepa-treated; u = untreated
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3-day intervals. F, egg collections were made at 4-day
intervals after the first blood meal, and a new oviposition
cup was changed at the same time. The number of live F,
male and female adults produced during a 3-week period
was recorded and analyzed statistically.

Results and Discussion

Doses of 0.025 percent, 0.050 percent and 0.075
percent thiotepa induced sexual sterility in the male
mosquitoes. Few of the F, eggs that were produced from
matings with untreated females hatched. Control and
0.001 percent thiotepa-treated cultures produced 150 to
200 F, progeny. However, both the 0.025 percent and
0.075 percent groups gave 10 or 5 percent F, larvae. Of
these, only 2 per each group survived to adulthood.
Female mosquitoes mated with males treated with 0.050
percent of the chemomutagen produced eggs that gave
7.5 percent hatch. Four of the larvae became adults.
Accordingly, only the 0.001 percent experimental and
the control group were tested for productivity in the F,
generation.

Based on total productivity for a 3-week test period,
populations showed a significant decrease in a mean
number of F, progeny when the original male parents
were exposed to 0.001 percent thiotepa (Table II). At
this concentration only a mean of 198.04 F, progeny per
culture was produced. By comparison the control group
produced a total mean of 315.33 F, progeny per culture
(t = 2.641, P <0.05).

Table III summarizes the mean weekly productivity
of the F, progeny. Analysis of the data indicate that the

Table I1. Total productivity of F, progeny derived from adult males
of Aedes aegypti (ROCK) males treated orally with thiotepa.
Higher concentrations (0.025%, 0.050%, and 0.075%)
induced sterility

Percent Total no. Total mean productivity
concentration Sex progeny + SE
0 33 3,804 317.00 = 36.36
?Q 3,764 313.67 = 59.20
0.001 33 2,368 197.23 + 41.14
?9Q 2,385 198.75 + 28.65

Table III. Mean weekly productivity of F, Aedes aegypti (ROCK)
derived from thiotepa-treated male adults during a
3-week period, males and females inclusive

Mean productivity + SE

Week 1 Week 2 Week 3
Control
403.75 + 71.17 264.25 + 61.90 278.00 + 27.48
*0.001% Thiotepa N
256.13 + 73.24 234.00 + 18.25 104.00 + 21.45
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differences between the 0.001 percent experimental and
control populations occurred during the third-week
period. A higher mean number of F, progeny were
recorded for both the control and experimental groups
during the first-week test period. The control culture
gave a mean of 403.75 offspring as compared to a mean
of 256.13 for the 0.001 percent population. During the
second week, the 0.001 percent experimental group
showed a slightly lower mean number (234.00) of male
and female F, progeny than did the control group
(264.25). Two-sample t-tests* demonstrated that the
observed differences in productivity among groups for
each week were only statistically significant during the
third week (¢ = 1.381, P > 0.05; ¢ = 0.469, P > 0.05;
t = 4.990, P < 0.001, respectively, for weeks 1, 2, and 3).

Exposure to 0.001 percent thiotepa reduces fitness in
F, progeny of treated parental male Aedes aegypti
mosquitoes. However, higher concentrations (0.025 per-
cent to 0.075 percent) of the chemomutagen induce
sexual sterility. The latter trend supports the results
obtained by Crystal>® with the screwworm fly,
Cochliomyia hominivorax. In one study®, thiotepa was
shown to be effective as a sterilant of screwworm flies
by either topical application or by feeding. Specifically,
oral treatments of thiotepa® demonstrated antifertility
effects, as measured by fecundity and hatchability, at
concentrations as low as 0.05 percent. Males were
completely sterilized with 0.1 percent thiotepa when
treated for 5 or 7 days with honey as a food carrier.
Working with Aedes aegypti, Bertram?® has shown that
topical exposure of males to thiotepa (20 mg per square
foot) for 3 hours provides only 3.2 percent hatchability
when mated to untreated females.

Productivity of F, offspring derived from parental
males treated with 0.001 percent thiotepa showed a
significant decrease in comparison with the controls.
These observations indicate that polygenic mutations
induced at this concentration of the chemomutagen
reduces reproductive potential in Aedes aegypti. When
the experimental and control weekly means were com-
pared, the important differences in productivity occurred
during the third week. Apparently, thiotepa, as reported
for other alkylating agents!, also has a delayed
mutagenic effect when administered to the parental
generation male.

Currently, more detailed studies are being conducted
with other mosquito strains to test these hypotheses.
The differential genetic fitness effects on females and of
various chemomutagens will also be examined.

Summary

The effects of various concentrations of thiotepa, a
chemomutagen, on the genetic fitness of Aedes aegypti

males was studied. Oral treatments of 0.025 percent,
0.050 percent and 0.075 percent. thiotepa induced sexual
sterility in the male mosquitoes. Analyses of total F,
productivity indicate that the mean number of progeny
was significantly decreased with exposure to 0.001
percent of the chemomutagen. At 0.001 percent thiotepa
only a mean of 198.04 F, progeny per culture were
produced; by comparison the control group gave 315.33.
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