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Effects of Three Juvenile Hormone Analogs on the Female German Cockroach, Blattella

germanica (L. ) (Dictyoptera: Blattellidae)?*

The strategy of insect control by insect hormone analogs
lies in the interference with the embryonic and post-
embryonic development, and with the reproductive
physiology of the adult. Some work on this has been
reported for a few important insect pests of field crops,
stored products and livestock? 3. So far as is known, no
such work has been done on the German cockroach,
which is a common household pest in the USA, and
whose control continues to be a pressing problem. The
present paper describes the effects of 3 juvenile hormone
analogs on some aspects of metamorphosis and repro-
ductive physiology of the female German cockroach.

Materials and methods. Three juvenile hormone analogs
(JHA), viz., Ro 20-3600¢ R-20458% and farnesyl methyl
ether (FME), were tested on the last instar (6th) female
nymphs of German cockroach, Blatiella gevmanica (L.).
The analogs were used as undiluted technical grades for
topical application {2—4 ul/nymph) and injection {0.33 pl/
nymph), and diluted in acetone for treating topically the
food pellets® (8-10 pl/g). Presence or absence of mating in
emerging adults was tested by introducing unmated males
that matured in isolation. The internal reproductive
structures were studied in freshly killed insects.

Results and discussion. All 3 methods of treatment
produced essentially similar effects in various individuals,
viz., loss of capacity to molt, death in the process of molt-
ing, and various external and internal abnormalities in the
emerging adults.

Several treated nymphs showed abnormal prolongation
of the 6th stadium up to 2%/, months, as against the
normal period of about 10 days. These affected nymphs

1 Paper of the Journal Series, New Jersey Agric. Exp. Station,
Rutgers—The State University of New Jersey, New Brunswick,
New Jersey 08903, USA.

? H. A. ScuNeiDERMAN, A, KRiSHNAKUMARAN, P. J. BrRyant and
F. SennaL, Agric. Sci. Rev. Coop. State Res. Serv. U. S. Dept.
Agric. 8, 13 (1970).

3 J. J. Mex~ and M. Beroza, Iunsect Juvenile Hormones, Chemisiry
and Action (Academic Press, New York 1972).

4 6,7-epoxy-3,7-dimethyl-1-(3,4-methylenedioxy)phenoxy-2-nonene.
Generous gift from Hoffmann-La Roche, Nutley, New Jersey.

5 1-(4-ethylphenoxy)-6,7-epoxy-3,7-dimethyl-2-octene. Generous gift
from Stauffer Chemical Co., Richmond, California.

§ Little Friskies cat food, Carnation Co., Los Angeles, California.

Figures 1-6. 1. Normal adult
female. 2. Normal front wing.
3. Normal hind wing. 4. Treated
adult female (topically with R-
o 20458 2 yl/nymph). 5. Affected
front wing. 6. Affected hind wing.



1094

eventually died without metamorphosis. This failure to
molt is generally assumed to be due to the absence of
endogenous molting hormone, but it is likely that in the
present case the JHA superseded the molting hormone
both in quantity and effect. A mutually antagonistic
action of these two hormones on nucleic acid synthesis
was offered as tentative explanation by Socma and
SeunNaAL? for the induced abnormalities in Tenebrio
wmolttor. In our present study we have not seen any extra
(supernumerary) molting, as reported by Stock and
O’FARRELLS, who observed ‘an attempted adult molt’
and ‘the persistence of the prothoracic gland in the
molting adult individuals’ when the 6th instar nymphs
were treated with FME at a critical period. Dissection of
one 56-day-old treated nymph from our study showed
evidence of oocyte development, even though meta-
morphosis did not occur. Metamorphosis and oocyte
development are thus independently controlled by
the juvenile hormone through some regulatory me-
chanism.

One of the external abnormalities is the deformity
of wings (Figures 2, 3, 5 and 6). The wings of the treated
adults were greatly reduced in size, curved, and only
slightly larger than the nymphal wing pads. The venation
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and the regional wing topography are apparently un-
affected. Microscopic examination of the deformed wings
revealed that the difficulties in expansion and flattening
of the wings are the primary causes for the wing de-
formity. WaiTe and GrREGORY? attributed such a situa-
tion in the cabbage aphid, Brevicoryne brassicae, to the
abnormal quantities of microtubules in the wing cells.
The most striking external feature of the treated
females is the dark body colour. The normal cuticular
colour pattern is hardly traceable in the general darken-
ing of the body, including the head and appendages
(Figures 1 and 4). Stock and O’FARRELLS also observed
very dark coloration of the German cockroach adults that
resulted from nymphs treated with FME during a ‘criti-
cal stage’ of the last instar. WHITE!® observed that the
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Figures 7-10. Internal reproduc-
tive system of adult female.
7. Normal adult. 8-10. Treated
adults (topically with Ro 20-3600
4 ul/nymph).
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‘juvenilized adults’ of the cabbage aphid, B. brassicae,
had only partially pigmented wings. BaGLEY and
BaUERNFEIND 1, in their field tests with JHA, found the
larvae of the tobacco hornworm, Manduca sexta, to be
lacking in melanization, and this effect has been inde-
pendently used by TrRumaN et al.l? in developing an
ultrasensitive bioassay for juvenile hormone.

It is important to note that the same JHA (Ro 20-
3600) caused excessive melanization in the German
cockroach, but prevented melanization in the tobacco
hornworm larvae. Whenever colour patterns are affected,
it seems that the exogenous JHA either induces or pre-
vents the cuticular pigment synthesis, depending on the
insect species and age.

Excessive darkening of the cuticle is generally assumed
to be due to the deposition of melanin pigment. However,
the darkening due to sclerotization cannot be totally
disregarded 3. The exact relationship between sclerotiza-
tion and melanization is not known at present, although
tyrosine injected into the insect body during the later
part of ecdysis is primarily incorporated into the melanized

areas of Gryllus bimaculatus** and Schistocerca gregavials. .

The brain, corpora allata and the prothoracic glands are
variously implicated in pigment synthesis and colour
changes, depending on the insect species, sex, age, and
environmental stimuli, the epidermis being the ‘target
organ’ for hormone®-18. In Periplaneta americana, an
adult cuticular tanning hormone is known to be released
from the terminal abdominal ganglion!®, and is comparable
to the ‘Bursicon’ of blow flies?'-23. Experiments are in
progress to find out how the exogenous JHA could alter
the normal pigment synthesis and the bursicon-mediated
cuticular processes.

In insects, the juvenile hormone controls vitellogenin
(female-specific protein) synthesis, yolk deposition,
accessory sex gland activity, and sex pheromone produc-
tion24:25. In the JHA-treated adult females, development
of ovarioles, oviducts and accessory sex glands is affected
in varying degrees in individual adults. In some, the
entire ovariole is attenuated, while in others the individual
oocytes are atrophied or hypertrophied. The latter effects,
unlike in a normal ovary (Figure 7), resulted in a highly
irregular appearance of ovarioles within the same ovary
(Figures 8 and 10). In some adults, the oocytes are
uniformly overdeveloped (Figure 9). The mean length of
the terminal (= basal) oocyte was 2.2 mm as compared
to 1.3 mm of the control insect (ca. 70%, increase). Here,
the growth of the oocytes apparently proceeded irre-
versibly beyond a critical stage. Hypertrophy of the
lateral oviducts (as well as of the calyx) was observed in
some cases (Figure 8), and in some, the oocytes were
clogged in the lateral oviducts (Figure 10).

The left accessory sex gland in the adult female
cockroach produces a structural protein and the pre-
cursor of a phenolic tanning agent, viz., protocatechuic
acid glucoside, while the right accessory sex gland secretes
the glucosidase. From these secretions, the ootheca is
synthesized inside the genital chamber 26-2°, The develop-
ment of these glands in the treated females was inhibited
in some cases, and in a few others hypertrophy resulted.
In the latter situation, the tubules were not only larger
but also appeared more whitish and dense. A few treated
females tended to oviposit naked masses of eggs, a
condition suggestive of malfunction in the formation
of oothecae. ROHDENDORF and SEHNAL®%:31 recently
reported several JHA-induced effects in Thermobia
domestica and considered loss of control over cell growth
and multiplication as some of the probable causes.

The influence of extremely low titer of JH during
metamorphosis (which is typical of a normal insect) on
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the reproductive organs is not known at present. It
appears that, like the cuticular epithelium, these organs
are relieved of the JH influence at metamorphosis until
the JH titer builds up again in the adult. The diversity of
abnormalities observed among the treated females in our
present study can be partly attributed to the age differ-
ence between the individual nymphs at the time of treat-
ment. However, variations within the same organ, such as
the hypertrophy and atrophy of the ovarioles within the
same ovary, need further research for a clear explanation.

Of great practical importance is the fact that the treated
females lost the capacity to mate, regardless of the extent
of abnormalities in the internal and external structures.
Unmated normal males responded with typical mating
behaviour when paired with the treated females, suggest-
ing that the females were attractive to the males. However,
the females were quite unresponsive to the males, and no
mating occurred. Experiments of RoTtH and BARTHS3?
indicated that, while corpora allata of the female cockroach
may control extrinsically the expression of her receptivity,
they are not directly involved in producing a state of
sexual receptivity, and that the neurosecretory system
may control the receptivity. It appears, therefore,
that the exogenous JHA is in some way acting against
the neurosecretions, leading to the loss of sexual re-
ceptivity in the treated females.

Zusammenfassung. Vergleichende Beschreibung der die
Reifung und die Fortpflanzung verzégernden bzw. ver-
hindernden Effekte von drei Juvenilhormonanaloga bei
Blattella geymanica.

Y. T.Das and A. P. GupTa3?

Depariment of Entomology & Economic Zoology,
Rutgers University, New Brunswick (New Jersey 08903,
USA), 26 February 1974.

11 R, W. BaGLEy and J. C. BAUERNFEIND, in Insect Juvenile Hor-
mones (Eds. J. J. MENN and M. BEroza; Academic Press, New York
1972), p. 113.

12 7, W, Truman, M. L. Rippirorp and L. SAFRANEK, J. Insect
Physiol. 79, 195 (1973). ‘

13 S, O. ANDERSON, J. Insect Physiol. 78, 527 (1972).

14 S, Fuzeau-Braesch, C. r. Acad. Sci., Paris 248, 856 (1959).

15 I, ScHLOSSBERGER-RAECKE and P. KArLsoX, J. Insect Physiol. 70,
261 (1964).

18 P, JoLv, Endocrinologie des Insectes (Masson et Cie, Paris 1968).

17 K, Hricanam and L. Hiv, Comparative Endocrinology of the
Invertebrates (American Elsevier, New York 1969).

18 G, Fuzeau-BrAEscH, A. Rev. Ent. 77, 403 (1972).

19 R, R, MiLLs, R. B. MatHUr and A. A. GUERRS, J. Insect Physiol.
77, 1047 (1965).

20 C, B. CoTTRELL, Trans. R. ent. Soc. Lond. 774, 317 (1962).

21 C, B. CorTRELL, J. exp. Biol. 39, 413 (1962).

22 G. FraEnkEL and C. Hsiao, Science 738, 27 (1962).

28 (3, FrAaENgEL and C. Hsiao, J. Insect Physiol. 77, 513 (1965).

24 R, H. Barta Jr. and W. J. Berw, Biol. Bull. 739, 447 (1970).

25 W, J. Berr and R. H. BarrH JRr., J. Insect Physiol. 76, 2303
(1970).

26 7, H. Wriuts and P. C. J. BRUNET, J. exp. Biol. 44, 363 (1966).

27 D, BopensTEIN and E. Suaava, Proc. natn. Acad. Sci., USA 59,
1223 (1968).

28 M. ZALOKAR, J. Insect Physiol. 74, 1177 (1968).

29 B, Smaava and D. BopensTEIN, J. exp. Zool. 770, 281 (1969).

30 E, B. Roupenporr and F. SeunaL, Experientia 28, 1099 (1972).

31 B, B. Roupenporr and F. SEnnaL, J. Insect Physiol. 79, 37
(1973).

32 1. M. Rotx and R. H. BARTH JR., J. Insect Physiol. 70, 965 (1964).

3 We thank Miss DEBBIE A, WAKSMUNDZzKI for her able secretarial
help.



