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(1)  Ce documeﬁt est basé sur un cours fait lors du Séminaire
0.M,8. inter-régional sur les méthodes entomologiques de
contrble des vecteurs qui a eu lieu en U.R.5.S. en,Sebtem“
bre - Octobre 1965, Il est diffusé car il pourrait &tre
utile aux entomologistes devant faire des exposés sur ce
sujet daus les pays d'affectafion « Il conviendrait alors

de compléter la bibliographie .
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i. J/ NTRODUCTION .

'

, Since about twenty years many arthropods of medical and
veterinary  importance have been kept under control by the use of .
sidual insecticides, for the benefit of human(heath“and welfare.Bu:
the mass. spraying of insecticides, either for vector control or di-
sease eradication programmes, as well as for agricultural and domee<.
tic dses,‘has selected insecticide—besistant populations of various
vectors in many areas of the world. Year after year the number of r
sistant species and their distribution increases. Now, 60 to 70 spe-’
cies?QE‘medical and veterinary importauce, belonging té 9 major fa-
milies, '‘are resistant to one or several chemical groups of residual
insecticides, and their 6ccurence‘is a very se;iousicomp;icavihg £
tor-for the organigation and development of many public health pro-
grammes (W H.,0., 1963 - COZ & al.,, 1964 - PAL, 1964 - SHAN & STONE-

1964 - UNGUREANU, 1964)., W,H,0. has sponsored a coordinate research.

progrémme for the develoPment and screening of nsw insecticides, o:
a world basis; the results of which aré very promising, but it sh-
be anyway wiser to do.not rely entirely on one type of vector con-
trol and to investigate Qother vector cdhtrol possibilities than in-

secticides .,
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Insect;cides used for public ﬁeaith programmes are, as a
rule, selective texicants for insects, wWith a low or moderate mam-
malian toxicity,., However, their. use modlfles more or less the envi-
ronmental. 'conditions and the greater the treated area, the greater
the 1mpact on the env1ronment. voreover, ‘'some of the most widelg.
sprayed 1nsect;g;des are chemically very stable and disappear only
slowly from treated premises, soils, watercourses,'and so on, Conta-
minapion risks of the environment bglongs- to two major types : alute
and immediate intoxications, easy to detect and to prevent, and lon:

term accumulation Of the most stable compounds;‘this last risk is
‘less eas;ly detected and nothing but time can clear the‘cdntamina;,
ted areas and’ people (DALE & QUINEY 1963 -~ HAYES & al., 1963 - HA-
MON & al., 1965). Up to now this sxtuatlon ‘has not caused difficul~
" ties for human health the sporadic damages belng restrlcted to the
most developed countrles and being malnly “induced 1n w;ldllfe. Howe-
ver such a situation undérlines the neces 51ty to comblne all ‘availa~
ble methods of vector control to get the best of each of them in an
ﬂlntegrated control programme, and to use re31dual 1nsect1c1des only
" when and where they offer the best prospects of succegs, so to’ av01c
”useless COntamlnatlon of the env1ronment One of the new developlng

’control procedures is based on the’ mass release of sterlllzed malesc

2. THE THEORY OF VECTOR CONTROL BY %ASS RELEASE OF STERILIZED MALES

in meny-vector species the female is inseminated only on-
ce. for its whole life or, when. inseminated several times, the firsi
received. batch of spermatozoa is the major one, or the only one, em
" 'ployed for egg fertilisation, There are however some exceptions
JROTH, 1948 - CGOMA, 1963) . |

“If it is possible to release, iﬁ a stable population, as

- many sterile males as there are normal males, 50% of the virgin few
"males Will be inseminated by sterile males and either shall not‘lev
eggs, ‘or shall lay sterile eggs, with the remote possibility to in—’
‘duce parthenogenetic development, The next generation will be redu-
ced to 50% of the initial generation, and, if the number of relea-
sed sterlle males is constant, 33% only of the resultant females
shall give a progeny, and so on, along a decreaing exponential our-
ve, until the dlBapearance of the species, The success will be achie.

ved much quicker if, from the beginning, the sterile malos outnumbr




by ‘several times the normal males- (KNIPLING, 1955) .

y It should be moro difficult to get the same results by re-
lease of sterile females as the males copulate many times during
their first -days or weeks ,of 'life and should be able ranyway to inso~
minate normal females. The mixed release of 'both sterile males and
females slow down the process; a proportion of the sterile males

being diverted from .the normal to the. sterile fomales .

4

Sterlle males, to be competlttlve w1th normal ones, must
have a normal expectatlon of 11fe or, at least, must be sexually ac—~
tive in large numbers as long as the normal males, They must also
Vlnsemlnate Eemales w1th a normal amount of Spermatozoa and accesso—
Ty gland secretions because the females with empty or partlally emp-—
-“ty spermathecae could agree to be 1nsem1nated a second tlme. oterllo
males must be also potent 1nsem1nutors. The difflculty to fulflll
all these condltlons 1s a secon reason ifor releasing a number of ste-
rile males several tlmes hlgher than the estimated number of normal
'nales, the ratlo of sterile to normal males belng at least 10 to oneﬁ
Flnally sterlle males must be evonly SCattered among W1ld populatlonf
leflCulthS lncrease Wlth the nataral den31ty of the vector populd-
tion, thh species either Wwith dormant eges and/or w1th mult1ple in-

i8]

.seminations, and with short flight=range species.

The first known method of male sterilization, was based on
gamma or X -ray irradiation of larvae or-pupae, which implies labora-
tory mass-rearing df the wvector. to control, The first wide~scale -
scheme of vector control by mass release of sterilized males was carr:
out against a pest of veterinary importance, the screw-worm Cochliomy:

ia hominivorax which has a long flight-range (HICHTOMER & al.,1965).

The success of the screw-worm eradication programme, first in 1954

in Curagao (BAUMHOVER & al., 1955) and then in 180,000 square kilo-
meters of the southeastern United Sfates during 1958 and 1959 througr
the release of more than two'billipns of sterile flies (KNIPLING,
1960), not only stimulated wide interest in insect control by male
sterilization and in labpratbry massrearing of posts of economic im-
portance (FAY & al,, 1963 - MORLAN & al.,, 1963), but also inJEQntrol'

by stérilization with chemicals as wWell as by dirradiation ,

v
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) _ . . The steéilizgtionfbyyirradia;ion"reqqires costly inétalla-
tipqs, not very. qasily han@led inffieldAconditions. Moreover m#ny
uwérkers have“strgssed’that irradiated males have a shorter expecta~
tion of life and are less doméétitive‘f§n matimg than normal males.
(SACCA, 1961, Tusca domestica - RAVAKRISHNAN & al., 1962, Culex pi-
piené fatigans - HENNEBBRY & McCOVBRN, 1963, Drosophila melanogaster-
STAHLER & TERZIAN, 1963, Ledes aegypti -~ GOMEZ-NUNEZ & al.,, 1962 &
1964, Rhodnius prolixus), the safety margin between the 100% steri-

i

lizing dose and -the lethal one being often very narrow, Chemosteri-
lants offer : better prospects of development and practicability(SCH-
MIDT & al,, 1964) and the screening of thousands of "chemicals for
.sterdilizing properties against insects begun some years ago in labo-
ratories of the Agricultural Research Service of United States De-

partment of Agriculture .,

3. THE CHEMOSTERILANTS COMPOUNDS .
3.1L. Chemical nature and properties .,

‘Chemosterilants are chemicals capable of causing sexual
sterility; they prevent réprdduction in. insects or other organisms,
‘Insects chemosterilants may act in one of the three folloWing prin-

cipal ways o

-~ " They may cause insects to fail to produce ova or sperm ;

- They may cause the death of sperm and ova after they naveﬂalready
be produced ;. S 2

~ They may injure severely the genetic material in the sperm and
ova and, although the sperm and ova remain alive and the sperm

. retain full motility, the zygotes, if formed, do not complete de-

‘velopment into mature progeny .

. The two first Wways are not very efficient for vector con-
trol as normal females can be induced to mate later on with fertile
malés if their spermathecae are empty. The third type of action pre-
sents the greatest interest at the present time and is‘thatqshoWn by

the so~called "radiomimetic" compounds .

. The selection of insect chemosterilants has been guided,
from the first beginning, by the relationship between compounds ef-

fective in cancer chemotherapy and mitotic agents (SHMITH & al., 1964
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FAHMY & FAHMY, 1964 -~ CHANC, TSAO & CHIANG, 1963)., Other investiga-

‘tions have been carriéd out with compounds similar with normal insect

metabdolites which could reéplace these metabolites and stop cellular
developrient. Then some guidelines have been established in seélecting
chemical and structural feh%ureS”éhéractéristic for chemosterilants
amongst all the candidate compounds investigated (RISTICH & al,,1965),
The chemosterdilants can be classified into ‘two main catego~-
ries the  antimetabolites and the alkylatlng agents which are also ra-

diomimetie ., Some other agents, at the present time without practlcal

importance, cannot be classified {MOUCHET & RAGEAU, 1963 - KENAGA, -

1965). The antimetabolites, purine and pyrimidine antagonists, anti-
f611083 are mainly active against female insects and their action may
be of a temporary nature, The alkylating agents are mutagenic and da-
mage the genetic material of ova and sperm but, generaily, do not in-
hibate live spermatozoa formation; their action is of a more perma-
nent nature. The most promizing alkylating agents are the derlvatlves
of aziridine, some of them being used since several years in tho tex-
tile 1ndustry and in cancer therapy. The commonly 1nvest1gated aziri-
dlne derlvatlves for 1nsect chemosterillzatlon, are now the follo—

wing (flg,l) :

Tepa =‘Aphoxide = tris (l-asiridinyl}) phosphine oxyde .

- 1'etepa = I"etaphoxide = tris (2-methyl-l-aziridinyl) phosphine oxyd~

[

tris (1-azinidiﬁyl) phosphine sulfide . '
~ Apholate = 2, 2, 4, 4, 6, 6, hexa (i~aziridinyl) 2, 4,.6, triphos-
pha 1, 3, 5, triazine ., . x

t

The toxicological risks inherent in the mutagenicmpropertiés

of alkylating agents restrict their study as insect sterilants to la-

boratory experiments and to very limited field trials under close su-
perviéion} However recent researches have shown that some compounds,
BMPA (=hexamethylphosphoramide) and HNM"(:HNm_= Hemel = hexamethylme-—
1aminé), structurally similar respectively t6 Tepa and to Tretamine
(= 2,4, 6, tris (l-aziridinyl) S.,triazine), but lacking alkylating
properties and being of low toxicity to mammals, stili retain the prc
perty of sterilizing insects (CHANG & al., 1964), We can hbpe that
further investigations wWill discover insects chemos§efilants more ac-

ceptable for practice than those hitherto available;Iand’réséarches
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are progressing along this way (ASCHER, 1965 ~ FYE & al., 1965 -
>KENAGA’ 1965 -~ PARISH & ARTHUR, 19652 - oHAW & RIVIBLLO 1962 -
ISTICH & al .1965), but too often the most eff1c1ent new chemosterl-

lants are also the most tox1c for mammals .

-

' Used as..dry deposits Tepa and)ﬁetepa disappears rapidly
: by volatilisation,“anﬂ they are also actively sorbed on'poreus,sdr~
faces (DAME & SCHMIDT 1964} . Thiotepe is probaly élightly less vo~
latile and has. been active against female Aedes aegypti during 23 x
days after apyllcation at the dosage of 400 mg/Sq moter on filter
paper (BBRT&AW 1964)., ' - : : .

4'In solution alkylating agents are slowly decomposed in
.pinaetive compounds, Tepa and T etepa are more stable in neutral oe

~in slightly alkaline than in acid solutions,'Deeomposition:faeee vary
directly with temperature, but even at 25°C, the half-life may attain
32 days for Tepa and 72 days for “Metepa (BEROZA & BORKOVEC, 1964, in
BERTRAM,‘A, 1964 a), | ‘

However DA“B WOODARD & FORD (1964)‘stress that in fleld

condltlons, Tepa solutions loss their efficacy in three days ..

, InSLde 1nsects alkylating agents distribute themselves
qulte rapldly into all tissues, as shown. by DAWE & SCHMIDT (1964)
.w;th radiolabelled Vetepa in mosquitoes., But the compounds‘are,ra~
pidly excreted 'and retain their sterilizing form no more than 6 to
8 hours after the end of the insect treatment (FLAPP. & al,, 1962) ..

5.2. Biological action of chemosterilants in laboratory expe=
riments, .

"In laboratory experiments chemosterilants have induced

ﬂséerility in a great variety of organisme (CRESSMAN, 1963, acarina -
BURDEﬁ & SMITTLE, 1963, cockroaches -~ CHANG & -CHIANG, 1963, moths - B
KBISBR & al, 1965, fruit-flies) including mammals (GAINES & KIMEROﬁGH' ‘
- 1964) 'and their efficacy and limitations have been assessed on some -
- of the major insects of medical importance (SITH, 1964),., Some com-—
© pounds ‘are much more toxic for some species than for other ones,
and the order of efficacy of . chemosterilants varies according to
the species used and the‘application method employed in screening
tests (COUCK & 'al,, 1963 a) .
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- Chemosterllants can be appllel to 1nsects by varlous ‘me-
thods’; dlpplng, dustlng, topical app lloatlon, tarsal coptact Wlth
treated surfaces, aerosol adm1nlstratlon or . 1ngestlon of treated bait
(DAME, WOODARD & FORD, 1964 — DAME & S5C.IMIDT, 1964 -~ CRY&TAL 1964 &
19656), Physical properties varying wWwith the compounds standardized
assessment techniques cannot be‘used for all candidate compounds ;
however.the maiority‘of routine assessments are done by oral appli-
cation (GOUCK & al,, 1963 a ~ CHANG, TSAO & CHIANG, 1963) .

3.2 .4, Bioloeogical 'action on vectors ,

5.2.1.1, vales ,

- The sterility induced by apholate treatment of Aedes aegyp=—

ti larvae is caused by chromosomes damaging, with dilatations, lin-

tAKages, splitting and so on; t8ctse have a normal size but produce

less spermatozoa (RAI, 1965). BBERTRAM (1963) has found active sperm

in Thiotepa sterilized males of Le.aegypti, mating and insemination

“beiﬁg still possible; the sterility Wwas complete in the days follo—

'wing ' the treatment but later on some of the inseminated females gave

eggs w1th a hatch rate of 13%. Similar results have been obtalned in

Drosophila stérilized‘by Tretamine by FARWY & FARMY (1954) and in

males in Musca oomestlca sterilizeo by Tepa (SACCA & al,1964 - SHEN
CHIN CHANC, l965). Such results are probably the consequence of the

greater susceptlblllty to ‘chemicals of post—melotéc stages (sperms,

SPermatlds) than of earller pre—melotlc stages 4in spermntogenesms.

Il is poss¢ble that longer exposures to -~ oOr increased concentrations
of - the toxicants could kill the primary germinal tissue and eldimi~-

nate all possibilities of recevery .

Chemosterilized males are not always as vigourous and able

'to copulate than the normal males -(DAME & SCHMIDT, 1964 - .CRYSTAL,

1964) and the amount of sperm is sometimes ingufficient, leaving the

females amenable to Further copulations with normal males and subse-

quent formation of fertile eggs ' (DAME, WOODARD & FORD, 1964). Howe-

.ver, for practical application , chemosterilized males are generally

(but not always) competitive with normal males (NURVOSH & Al.; 1964 -
LABRECQUE & al., 1962 - a- SHEN CHI CHANG, 1965) and the sterile sper-
matozoa accomplish a high rate of fertiligation giving unfertile egg
even when they are mixed to nornal spermatozoa in the female sperma
theca (LABRBCQUES & al., 1962 a). Nevertheless 1n‘some species, like
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Culex p, fatigans, the safety margin between the sterilizing and the

"lethal concentrations is very narrow for the majorlty of the most

proising chemosterllants (MULLA 196/).

2 oi 2. "Females °

‘ If the vector control programme is based upon the release
of laboratory-bred insects it is not worthwhile to release sterlllze
females, firs st because their 1mpact on the spermatozoa ava11ab1llty
of wild‘male will be almost nil, and secondly because such a proce~
dure will 1ncrease the size of .the biting section of populatlon. Eut
as we shall see later, chemosterllants offer wider prosPects to vec~
tor controcl operations than 1rrad1at10n procedures and, under some
restrlctlons, shall probably be used in the future dxrectly against

wild males and females .

‘When“treateduwith‘identical.amounts of‘chemosterilants, fe-
males are slightly less Suseeptible‘than males, but in cage experie
ments and‘infnatural conditions with trazited baits, thevindueed ste-
rility ie generally highor,in;females as they ingest more . bait and.
;so more. chemosterilant thanlmalesa(CRYSTAL, 1965 - SACCA & al.,i964),

Wlld—caught females mosqultoes, already 1noem1nated are
uterlllzed by resting on tepa or thiotepa treated. aurfaces, even wWhen
folllcules are as developed as stage V, as chown by WEIDHAAS (i1962)
Wlth A.guadrimaculatus, and by BERTRAN (1963) with 4 melas. Similar

results have. been observed in laboratory conditions w1th Ae .ae ti,

he, togoi and L, pipiens (BERTRAM, 1964a). The speed of action of azl
riéine derivatives on house and frait—flies is slower than on mosqui~-
toes, specially when females ‘flies are o0ld (SACCA & al,, 196/ ~ CEAIG
& CHIANG, 1964 - KEISER.- & al., 1965).

In treated females the ovarian development is soon anarchic,
‘each follicle having its own rato of development, The amount of laid
eggs is often neafly normal‘ddring the first oviposition, but decrea-
se sharply in the following eviposiﬁions due to somatic deterioration
of ovaricles, and there is no hatching. At least in mosquitees; dama-
ges to the spermatozoa in the spermatecae 0of treated females seem to

be the main‘reaeon for steeility of the first batch of eggs laid af4e.
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exposure; in comparative experlments with low dosages of chemoster1~
lants the percentage of 1nfert11e eggs is far higher if females are -
- dnseminated before exposure than 4if they mate after exposure (BERTRAY
1963). Oogenesms can also be inhibited from the beginning if females
are exposed to chemosterilants scon after their emergence but such a
susceptlblllty of the folllcular eplthellum is res trlcted to the firs+
hours of llfe' later on, the effecta of chenosterllants on ovogenesis
are only consplcuous on a long term ba81s (BERTRAM, 1963 ~ CRYSTAL
1963 - WBIDHAAS, 1962 ~ DAME & FOnD 1964 ~ CRYSTAL & LACHANCB 1963)
So, with very early appllcatlons the number of ceplsted eggs is re—A
duced almost to nll whercas Wlth treatment of older females the nam-

ber of mature eggs 1s normqi but they do not hatch (CRYQTAL, 1965

5.2,1;3. Larvae ,

Insects can be also sterilized as -adults following their
treatment as 1arVée or pupae by alkylating agents, but the mortality
is generally in creased at moulting and emergence periods, Tepa and
thiotepa seem to be more promising than apholate for such usage. The
treatment of naturalfbteeding places cannot be considered, as the
compounds are mutagénic, and should be applied at short intervals, but
larval treatment could be a method of choice for mass sterilization
_ of reared mosquifoes (DAME, WOODARD & FORD, 1964), o

3.2.2. Biological action on transmitted parasites. .

Chemosterilants can act along two ways on transmitted pa-
rasites during the sterilization‘qﬁ infested vectors, They can eithe -
kill the parasites, or cause mutations of the parasites into new st-
of different pathogenicity., If Females are treated before becoming in
fested, the action of chemosterilants is nil as the compounds disap-
pear from treated ineects in the hours following their abserption;'Up
to now investigations have been carried out only on malaria and fila-

rial parasites ,

3e24de2s Malaria parasites ,

Several investigations have been carried out, all baged on

hAe. aegypti and Plasmodium gallinaceum .,

ALT%AN (1963), reported substantlal but Varlable reduction
of malarlometrlc indices (by about 85%) by exposing the vector for 90

to 540mn to 100 mg/m2 of tepa, on glass, immediasely before and afte
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the infective meal and also, in one occasion, when sporozoites had rea-
chéd'the glandé. A

. Using different strains of the same mosquito and -Plasmodium
and thiotepa, BERTRAY, SRIVASTAVA & MSANGI (1964) have got on the Who-

le similar results, but with an average reduction in malaria transmis-

éipn of 25%:only; The"déposit used was 400 mg thiotepa/sq.metre, Con-

tacts of the moéqﬁitéeS\wiﬁh'the“treated surface fof 1 or 2 hours was
almbstkinéfficienf,Abut‘bettér results were obtained with 3 hours of 5
contact. The action of the ¢homosterilant seemed partichlérljfimPOr—
tant when the mosqﬁitoes were exposed some ‘hours only after the infec-
tant blood-meal (when gaﬁétocytés becbmeigametes), but leSSﬁefficient
later on; In the most favourable conditions only 9% of the chickens
were infected by the treated mosquitoes, With i00% infections in the
controls. However, a second perlod of 1mportant susceptlblllty of ma-
larla para31tes occured 48 hours after the infectant blood—meal u—
ring the meiosis in carly cocysts (30% of chicken infected). When the
transm1831on to chickens occured the transmitted Plasmodium was nor-
mal and’ could be further transmltted by Ae. segypti without modifica-

tion of its P&tﬂOanlClty, When occurlng the reductlon of transmission

is not only cauaed by the 1nterruptlon or decrease of oocyst grouwth
and spor0201tes productlon, but also by the loss or éffectiveness of

the sporozqites, probably,throughvgenetic damages (BERTRAM, 1964 De)o

‘The vectof in both these experiments has. been mareUeasily’
sterilized than the parasite ,
5.2.2.3, Filarial parasites ,

The only experiment deallng with the action of chomOQterlu
lants on fllarlal parasxtes have been carried cut by BEhThAN (1964 al,
w1th Brugla patei and Aedes thOl exposed for 1 to ¥ hburs to 400 mg

thlotepa/sq.mvdep031ts on glass, ‘ , , g

Contact of ‘i hour does not changé the speed of development -
of filarial worms in the mosquito, but 2 hours and J hours"exposure
slows dowu the development of the parasite which apparently never rea-
ches the 1nfect1ve stage and dies in the thora01c muscles. It must be
noted that the chemosterilant dose received by fema¢e mosquitoes du-
ring such experinents is far higher than the required one for sterilirs
fion, and is sufflclent to kill 95% of the males in the 24 houra fol-

lowing exposure .
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3.2,3, Metabolism and biological action on mammals.

‘ The mammalian and insect metabolism.of chemosterilants heos
been recently investigated by using pho phords %2 labelled ﬁetepa
(PLAPP & al.,, 4S962) and Thlotepa (?ARISI & ARTHUR, 1965 B) applied
to laboratory rodents and to several species of economically impor~
tant insects. Metepa is very rapidly excreted as such, and is also
excreted after metabolization, one major breakdown product belng pre
bably phospﬁoric acid} degradation and excretion are complete within
48 hours of administratiocn, In insectslThiotepa is apparently meta-
bolized into Tepa, then excreted; in rodents Thiotepa is excreted par
tly after metabolization into Tepa, partly under the form. of water-

scluble hydrodblitic products .,

The toxic hazards of chemosterilants have been recently in~
vestigated and summarized by BARNES>(1964), GAINBS & KIMBROUGH (1964)
and by HAYES (1964).,

The present conclusions are of very temporary nature as nev
compounds are ‘discovered every year, some of them not belonglng to B
the previously investigated chemical groups. Moreover, minor chemical
substitutions can transform a compound of low mammalian toxiéity in
another one far more toxic, And the two main categories into whlch
are classified the chemosterilants do not correspond to‘specific phy--
siological action, but .to large chemical or biologieal groups, alky!
~ ting agents and antimetabolites. So, no extrﬁpelation of the toxico-
logic investigatdons already carried out shall not be perm1831ble to

‘deal with new compounds (BARNES, 1964 ~ HAYES 196”)

On a whole alkylating agents are far less carcinogenic than
expected by the wofkers using them as tools in cancer research, Human
beings in cancer therapy have supported O;Gmg Thiotepa/kg (in- three
successive doses of C,2mg/kg) and Thiotepa can be tolerated With as
high doses as 10-40 mg a week, with some variation in individual sus-
ceptibility. Tretamine has been used up to doses of 15~25 mg initial
ly and then 2,5-5 mg weekly, but some patients can-only support 1710

cf these amounts without bone marrow. depression ,

On rats, which are probably less susceptible than humans
to some of the actlons of alkylating agents, five dally doses of O,

kg of Thlotepa rendered males sterile for five weeks, and Tretamlne
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given as aoses of 0 ,O8mg /kg over a period of 30 days gave the same re
sults; Such rats remained fully actlve and mobile, sexually actlve,
and thelr spermatozoa have been observed to penetrate the ovum of the
female, but W1thout resulting progeny. These effects of Thiotepa and
Trotamine on fertility are completely reversible (JACKSON, FOX & CRAIG,
1959 - BOCH & JACKSON, 1957), -

'

Susceptibility of rats is’very‘varieble;'and so are the
damages to the spérmetogeneois which are comprised between slight
damage fo the sperm and complete destruction of the seminiferoux epi-
thellum, Thlotepa and Tretamine ~although non persistarnt in the tis-
sues, hav1ng some cumulative action (JACKOON ROX & CRAIG 196l). '

Durlng experluentatlons w1th rats, GAINES. & KIMBROUGH(iQGA)
have observed thut Metepa and Apholate, in one administration in the
dlet, are about as toxic than DDT and that Tepa is about as’ tOXlC thaq
dieidrine; Tepe and Metepa are also toxic if introduced by dermic apm4
plications; in such conditions the CL 50, in mg/kg is of 136. for “ete-
pa and 37 for Tepa. When rats received daily small doses of Metepa
1n their dlet (Emg/kg/day) the general ‘condition of the animals Hes
good but a cumulatlve actlon of the chemosterilant caused atr0phy of
testls 1n 77 daye (1n 55 dyas when the daily dose Was 10 mg/kg) - and
in 197 days w1th 2 Smg/kg, low doses as 1,25 mg/kg/day were apparentl
not harmful The damage to testis were to soime extent - reversmble but
this aspect has not yet been adequately studled When the male ster1~
llty is not complete some’ reducgtion dn. the number of babies occurs,’
but their furthep development seems perfectly normal, without any ef~

fect Df‘parent ‘treatment.on their potentialities and survival ,

- The cheﬁostefilants which are now inveseigation have not
shown ahy éign of carcinogenic activity. They exert on mammals’ about
the same effeets than on iansects énd,'at'lOW‘dosages, have a highly
speéifie‘ahd'lbealizéd action on the developing sperm of mammals. It
is only at far highef desagee‘thad these compodnds depress the bone
marroW activity (BARNES, 1964 ~ HAYBS, 1964 . R

HMPA has a steriliming actionm at concentrations. b0 times,
higher than Tepa, but its. CL 50 for rats is as high as 2600 to 6400,
mg/kg against only 37mg/kg for Tepa. Bes¢des, HMPA has no mutagenic

and' car01nogen1c properties .,
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Tepa, Metepa, Thiotepa and Aphoiate are more toxic than
the commonly used insecticides. They are quickly metabolized and ex-—
creted without apparent accumuletion in the organismf however, they
seem to exert a cumulative effect wheﬁ routinely absorbed, and may
sterilize human beings at dosages which are not harmful if only be-

haviour and sunvival are taken in account, So it seems unthinkable

_to use the compounds now available for indoor hoﬁse—spraying or for

extensive treatment of breeding places (BARNES, 1964 -~ HAYES,1964).

3.2.4} Possibilities of resistance to chemosterilants,

HAZARD and al.(1964) have 1nvest1gated the pOSSlblllty to

select a strain of Ae. aegypt1 resistant to Apholate sterilisation

by larval exposure, In standardized rearing and treatment conditions
the percentage of sterlllty has decreased from 96% to 46% in 4 .gene-
rations with 5 ppm Apholate in breeding water, and from 100% to 72%

An 6-geherations with 15 ppm Apholate, So Ae,aegypti seems able to

develop some resistance to Apholate with a decrease of efficacity‘

of 4 to b tlmes ;

3.3. Possible use of chemosterilants for insect control .

"As availablennow the chemosterllants compounds can e;ther
replace sterilization by gamma radiations, on laboratory-bred vectoruh
for subsequent release, or be used to sterlllze W1ld pOpulations.

oterlllzatlon by chemlcals would be s;mpler and cheapcrw
than by gamma radiations and the facilities requlred would be more
readlly movable. Morsover, the males ‘treated With chemosterllants
are far more competitive fhaﬁ the irradiated ones (WEID“AAS & SCHMIDT,
1963), but the general limitations of the methods would be the same

than W1th sterility induced by lrradlatlon .

The great advantage of the chemosterilisants is their péSr
Slble appllcatlun to W1ld populatlons. If they could be safely ap-
plled to natural populatlons ‘control or even eradication wWould be
reallzed by 1nduced sterlllty w;thout the necessity of rearing and
relea81ng large numbers of 1nsect . If wild males as well as wild
females could be treated the decrease of natural populatlons would
be very sharp, a large proportion of the normal males 1nsem1nat1ng

sterlle females and many normal females belng mated by sterlle malep

JoL.
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(KNIPLING, 1962). Upftqlnew;ntheeadministration oﬁfehemosterilants

in the adult food of on resting places seems to be the only pragti-

;‘cal'method,for field use and is dependant of tﬁe adiunction of,pewer—

ful and selective attractants (LIU, 1962 - HOCKING, 1963 - OTEINER &

al,, 1961 - LHOSTE %1962 - KEBER & al.,. 1056 - BROWN, WEST & LO”RLFY

1561) which could conteract the repellent effect of some of the che-~

mosterllants (SACCA & al., 1965) and attract an hlgh proportion of

the natural populatlons. . 7 L ‘ ‘r” ' A y
- Others developments~in the use of chemosterilants await , 2

the ‘assessment or discovery of new compounds without toxic hasards

for mammals .,

4.A FIELD EXPEKIMENTS NITH CHEHOQTERILAhTo .

- Fielgd experlments W1th chemosterllants have been restrlc—
ted;tb a few amall tests to explo?e possible methods of appL;eatlon
.and evaluatien, mainly with house;flies, but some .of the results of
. the - field experiments carried oﬁtzwith gamma-irradiation sterilized
- males give also useful informations on the practical problems to selw

ve

4.1.  Anopheles quadrimaculatus

<,

L., quadrimaculatus males, from the laboratory colony 5f\

Orlandq, have been sterilized either by irradiation, or by exposure
to chemosterllants'(COntqct with Tepa or oral admlnlqtratlon of Apho-
late). The ‘sterilized males wWere sexually potent and gave a‘high ra-
te of fertilization of wild females in laborgtory-ccndltlons, but 'thew
were unable to perform the same duties when qe;eased amongstzthe*na—

tural population of A. quadrimaculatus, When the experiment was du—

“plicafed” using as sterile males, the treated prdgeny of wild caught
"femalea, the released males succeeded to: 1nduce sterlllty in wild - -
femalés, So it is probable that the initial ‘failure was not due to )
chemosterilant—-induced decrease*ln,sexgal competitiveress, but to’ N
changes of behaviour during colonization and to basic inability of
lyeers-lbng colonized mosquitoesupejmate in field conditions with wild -

females of the same species(DAME, WOODARD, FORD & WEIDHAAS, 1964) ,

i
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4,2, Musca domestica .

The- results of only ‘four field experlments carrled ‘out dn

Florida and in Italy, each based on a different chemostermlant in

cofnmeal bait (with sugar, dry milk and dry egg added), have’ been yet

published, as well as two “cage~experiments simulating natural condi-

©tions . ¢ = A

, HANSENS & GRANBTT (1965) have comparedA in two cages of
about seven cubic metre each the deveLOpment of two colon;es of hou—
se flies, thh larval breeding medium always avallable, balts treatec
with 2% Aphqlate being introduced 1n‘one‘of the cages twice a week,

The Apholate treated cage has produced, in two sets of experiments,

10 to 40 fold less house-flies than the control cage .

During a second set of ekperlments, carrled out along the
same 11nes that the above ones, HANSENS (1965} has 1nvest1gated the
relatlve effectlveness of Apholate under the form either of 3% trea-
ted baits, or of impregnated cords, and of both combined, with variour
fythmé of application, against susceptible and insecticide~resistant
ﬁOuseéflies. Treated baits, introduced at weekly intervals, gave merc
than' 90% control and, in combination with impﬁegnated‘cords;‘eradica-
ted .the caged populations, Cords impregnated with a syrup at 72% Aphs
late were less efficienti giving only 57% control, Insecticide-re-
SLStantvhause-flxes were as easxly amenable to control with Apholatb

as the susceptlble ones’ ,

N LABRECQUE & al. (1962) have assessed the efficacy of baits

‘wWith 0,5% Tepa, on garbage dumps in one of the Florida keys, with

once a Week application during nine successive wWeeks,. The island was
relatively iseolated and another dump, situated at about 50 km from
the treated one,was used as oontrol The house-fly and secondary screw

worm (Cochliomya macellaria F,) den51t1es Were- estimated in the most

infested areas, by the gr;d method, The sterility of females was, inver
tigated weekly on representative samples of the houseffly”popu1ation.
House fly populations were reduced from 47 per g?@djtq 0 W;thinjé
Weeks and the proportion of egg masses‘(frqufema;es collected on
dump) containing at least one viable egg Was reduced from 100% to 107
within 5 weeks, and the percent hatch among all eggs lald was reduced

to 1% within 5 weeks, After treatments were discontinued the percent

. . . . -

oy , ~.
. . . .
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viability rapidly returned .to normal, During the '‘entire period of

the experiment'yiability of eggs from.females from the eontrpl dump
ranged from 65 to 99%. It was not possible in this experiment to. as-

sess what proportion of the fémales was sterilized by feeding on ‘the

. bait and what proportlon by ‘mating W1th sterlle males, Blow fly cuunts
in the treated area . was also reduced markedly toward the end of the

test, but all captured females ovxpos;ted freely on fresh meat and

all the egg mass were vlable"preV1ous experlments have shown in the
‘past that blow flies are difficult to centrol Wlth dry granular in- .

sect1c1de bait .

LABRECQUE & al, (196&) have carried out an.experiment with
'0 5% Metepa baits in a poultry farm near Orlando, in a nen~-isolated -
situation. Baits were dlstrlbuted once a week durlng 9 weeks and then
Htw;ce a week The density of house flles was, drastlcally reduced The
”hatchlng rate of egg masses was reSpectlvely decreased 2 6 txmes, "then
S.times, Male Eertlllty was not serlously affected by the weekly ap=-
pllC&thn of the baits, but decreased to 22% of the normal when baltS

were dlstrlbuted 5 tlmes a week .

i

SACCA & STBLLA (1964) have assessed the efficacy of syrup
ebrays, 1nclud1ng i7% of malt extract as attraetant and from 0,0625
_to 0,2% of Tepa,-on garbage dumps of several xtalxan towus. A hlgh
sterlllty rate was observed one hour after the appllcatlon, even Wlth
“.the 1OWest concentratlon of Tepa; although males be theorlcally more
_;susceptlble to Tepa than females the highest rate of sterlllty has
been observed 1n females, probably because males are less attracted
. to garbage dumps and also because in females the male-indaced ster111~
ﬂty adds its action to the lntrlsxc female sterility, The fertllitynra—
te returned to normal in the days follow1ng the treatment through
mxgrat;ons and natural pogulatlon replacement? helped by the rapid
Tepa hydrolysls. With one, and then two, weekly appllcatlons of the
ﬂTepa spray on the garbage dump, ‘and the insecticide treatment of the -

nelghbourlng farms, the house fly populatlon has been strongly de-

'

pressed; but despite the 1nsect;c¢de application the fly populatlon- <

has quickly recovered after the cessation of the Tepa spraying.
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a,4,3., Culex tarsalis .
. 'LEWALLEN & al., (1965) have studied -the efficiency of Apho-

+ late applied to all natural breeeding~places of Culex tarsalis in

small oases isolated in a desert of San Diego County, California,

-~ Apholate was used at the concentration of 75 ppm, with three appli-

cations within 22. days. The natural C.tarsalis population was only

temporarily depressed and returned to its pre~treatment level Z0-days

after the last Apholate application., The failure is attributed to the

survival of wild females during the  whole - length of experiment

4.4, Observations collected during some of the field-tests car-

ried out Withe radiation~sterilized males .

Four fleld experlments, three deallng With mosqultoes and

one thh ‘blow flles, based on release of radlatlon-sterlllzed males

.'lare very 1nterestlng. KnIbHNAMU?THY & al (1963) have worked Wlth

Culex p.fatigans; in Indla. The results were not satlsfactory, partly

because the number of released males ‘Was not sufflclent, partly be-

CCause the human pogulatlon dld not agree to the release of” any mos—

quxto, even male and sterlle .

MORLAN & al. (1962) have released sterile males of Ae, aeggé

‘tl in CWO areas of Pensacola nelghbourhood Florlda, of about 1 squa-

re kllometer. They used tWo nearby untreated areas as control The
expected ratio of sterlle to normal males (released as pupae) was of
47 3 1 to 170,000 : i in the first area, and of 27:1 to 148:1 in the

'Second area. Fstlmatlon of natural populatlons of Ae,aegzgtl was ba-

sed on actual counts of larvae every ‘second week; except Eor samples

collected for 1dent1f1catlon, larvae were counted and returned to
their orlglnal breedlng places. Field collected eggs, obtalned by li-
nlng formerly lnfested receptables with paper tOWels, Were counted'
and submerged in a Z4-hour-old mixture of O 1 g breWer s yeast and
C,1 g ground dog chow in one llter of water, each hatchlng test was
completed in the week following ‘egg collectlon, larvae were 1dent1-
fied and counted. In area 1 the releases have reducee,'but failed to
eradicate, natural populatlons of Ae.ae ti; in afea 2 thefreleaeee
of sterile males failed to reduce the natural'popelatibn. Thefrafe

of egg hatching, on the averaée, was-only 60 % of the nérmal in the

first area, but was 112 % of the normal in the second area,., Amongst t!
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reasons fof failufe~are the greéfef age of'etefile malee, relansed
once a week and competitive only some days w;th the normal W1ld ma=
les emerging every day, and the poss¢ble llmlted d;spers¢on of the

Asterlle males from the limited distribution of irradiated pupae .

WEIDHAASﬂ& al,(1962) Have released 1,500 sterile males 'of

Aa quqdrlmaculdtus _ber week and per sq, km, during 11 months, in ten

dlfferent Sltuatlons on 1slanda of 5 sq. km, of the Lakes Okeechobe=z
and Panasoffkee, Florida. Another area was used as a control, To
determlne if these sterile males caused any reductlon of, or sterl—

llty 1n, natural pOpulatlons, the nomber of adult A, quadrlmaculatuu

in restlng statlons and the Vlablllty of eggs from females collec»
ted from these restlng statlons were followed An the release and
eheck areas. The releases Cld not congclusively induce any sterlllty
in wlld females but perhaps when the natural populatlon cf one island
fWas ln the seasonal decllne. Fallure was attrlbuted to the lack of

‘basic knowledge of the blology and behav10ur of Al quadrlcumulatus ({

which 13 "en paSSant", one of the best known american mosqultoes
and in the dlfference in ba81c behavmour of cUlonlzed and W1ld mos-

quitoés of the same SpeCLGS .

DONNELLY (1964), has attempted to control the blow fly Lu-

‘cilia sericata on one small island of the eastern coast of England;
The tredted. area was of about 2,5 sq.km with an estimated population
of 2.000 wild males of the blow fly. The releases Were ¢arried out 4
to 5 months a‘year, during 2 years, and the sterile males Were overw-
hélming the wild ones. The failure of the experiment is partly attrio
buted to density-dependant factbrs'feestablishihg the normal densi-
ties when the natural population was decreasing, ahd to a possible
focal ‘distribution of matural populations, the sterile males belng

less numerous than normal ones in such foci,

It could be also interesting to underline here that the
melonfly, Dacus cucurbitae, has been recently eradicated. from Rota,

"ariana Islands, by relaase of about 2606,000.000 of radio~sterilized

males and females in ten months. The island has a surface of about

.97 sq. km, Females of D. cucurbitae are known for matingaseveral ti-

mes -during their 1life, ‘have a long Elight range, but congregate in -

host plantations. Releases were preceded by reduction of the natuaral
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population through malathion-treated baits (STEINBR & al,, 1965) -

. .

5, nxscnssxon AND CONCLUSIONS .

£ 4

L Chemosterllants const;tute a new class of vector control '

tagents which offer promising pOSSlbllltleS for the future;'but need

more studies before becoming operational .

Accordxng to the avaxlable publxshed knowledge the best ‘
known conpounds are not safe for fleld scale use, but in specxal '
condltlons. They are not ‘chemically very stable, which in some as—
pects has the advantage to avoid resmdual contamlnatxon of the envx—
ronnent ‘but decreases the p0581b111t1es of large saale use of thc:;
compounds. The safety margin between the StéflllZlng dosages, and A ‘
the lethal one is not always very wlde, although much more than thh
1rrad1atlon procedures., Sterlle males are not alWays competltlve thL
the normal males and sometimes the sterlllty 1n both sexes, may be of
a tenporary nature. Tew compounds shall perhaps offer better prOoﬁeCih
but they are Stlll to be dlscovered and we must not forget that one
of our most potent resxdual insect1c1des Wwas one of the flrat dlSCO~
vered ones,‘lt could ‘be the same for chemosterllants . '

4

if chemosterilants are to be used as substitute of irra-

R

diébion, to treat laboratory-bred vectors for further release 1n na~
tural populations, a good deal must be learrned on ecology, behavxounp
»dlspersa;,vpopulatlon dynamics, densities and genetics of natural po.
‘pulations of all vectors concerned (BIRCH, 1963 - KNIPLING, higﬁs),
and. the me thodology ©of mass colonlzatlon of competltlve stra;ns mugG

be. elaborated for the majority of pests and vectors .

If chemosterilants are to be used in an orlglnal approach
to Lnduce directly sterility in W1ld populations they must probably
be associated to powerful baits or attractants, and at the present
time very few pests bu house‘flies can. be controlled by efficient
treaied baits. Much more is to be learmned about attractants if . we:
want to exploit the full possibilities c¢f chemosterilants { HOCKING,
1963). However, in some circumstances, treated traps with. periodic
release could offer. en efficient way to deal with species diffdicult

to colonize but occuring in nature at 1ow densities like. tse~tse f1+4

t
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Chemcsterxlants, like other chemicals, are metabollzed
into inactive compounds inside 1nsects, 'and we can expect field de-
velopment of chemoster;lant-resxstan populatlons of vectors, as we

observed £or 1nsect1c;des. There is already cne laboratory observa—

z'tlon on’ apholate res;stance in Ae.aquptl.'

Vector control activities shall probably be slowly modi-
fied by the development of chemosterllants, bu these agents will mo-: .
re supply additional pOSSlbllltleS of -conttol than replace the alr.
dy available- methodes and- compounds. Thelr ‘intelligent use-requires n
thes the collectlon of ba31c lnformatlons on the vector populatlons

" and shall help to develop integrated control procedures ,

- ° i s

]
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