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Effects of Three Juvenile  Hormone Analogs on the Female German Cockroach, Blattelta 
germanica ( L . )  (Dictyoptera: Blattellidae) 1 

The s t r a t egy  of insect  control  by  insect  hormone  analogs 
lies in the  in ter ference  wi th  the  embryon ic  and post-  
embryonic  deve lopment ,  and  wi th  the  reproduc t ive  
phys io logy of the  adult .  Some work on th is  has  been 
repor ted  for a few i m p o r t a n t  insect  pes ts  of field crops, 
s tored p roduc t s  and livestock~,K So far  as is. known,  no 
such work  has  been done on the  German  cockroach, 
which is a comm on  household pes t  in t he  USA, and 
whose control  cont inues  to be a press ing problem.  The 
p resen t  paper  describes the  effects of 3 juvenile  hormone  
analogs on some aspects  of me tamorphos i s  a n d  repro- 
duc t ive  phys io logy  of the  female German cockroach.  

Materials and methods. Three juvenile  ho rmone  analogs 
(JHA),  viz., Ro 20-3600 ~ R-204585 and  farnesyl  me t h y l  
e ther  (FME), were t e s t ed  on the  last  ins ta r  (6th) female 
n y m p h s  of German  cockroach,  Blattella germanica (L.). 
The analogs were used as undi lu ted  technica l  grades for 
topical  appl ica t ion  (2-4 ~zl/nymph) and in jec t ion  (0.33 ~zl/ 
nymph) ,  and di luted in acetone  for t r e a t i n g  topical ly  the  
food pellets 6 (8 10 ~zl/g). Presence  or absence of ma t ing  in 
emerging adul ts  was tes ted  by  in t roduc ing  u n m a t e d  males 
t h a t  m a t u r e d  in isolation. The in ternal  reproduc t ive  
s t ruc tures  were s tudied  in f reshly  killed insects.  

Results and discussion. All 3 me t h o d s  of t r e a t m e n t  
p roduced  essent ial ly  similar  effects in various individuals ,  
viz., loss of capac i ty  to  molt ,  dea th  in the  process of molt -  
ing, and  various ex te rna l  and in ternal  abnormal i t ies  in the  
emerging adults .  

Several  t r ea t ed  n y m p h s  showed abnorma l  p ro longa t ion  
of the  6th s t ad ium up to  2t/~ months ,  as against  the  
normal  period of abou t  10 days.  These affected n y m p h s  

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. SCHNEIDERIVlAN, A. KRISHNAKUMARAN, P. J. BRYANT and 
F. SEHNAL, Agric. Sci. Rev. Coop. State Res. Serv. U. S. Dept. 
Agric. 8, 13 (1970). 

3 j .  j .  MENN and M. BEROZA, Insect Juvenile Hormones, Chemistry 
and Action (Academic Press, New York 1972). 

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

s 1-(4-ethylphenoxy)-6,7-epoxy-3,7-dimethyl-2-oetene. Generous gitt 
from Stauffer Chemical Co., Richmond, California. 

6 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- 
20458 2 txl/nymph). 5. Affected 
front wing. 6. Affected hind wing. 
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e v e n t u a l l y  died w i t h o u t  me tamorphos i s .  Th i s  fai lure  to  
mo l t  is genera l ly  a s sumed  to  be due  to t h e  absence  of 
endogenous  mo l t i ng  ho rmone ,  b u t  i t  is l ikely t h a t  in  t h e  
p re sen t  case the  J H A  superseded  t he  m o l t i n g  h o r m o n e  
b o t h  in q u a n t i t y  and  effect. A m u t u a l l y  an t agon i s t i c  
ac t ion  of these  two h o r m o n e s  on  nucleic acid syn thes i s  
was offered as t e n t a t i v e  e x p l a n a t i o n  b y  SOCHA an d  
SEHNAL ~ for t he  i nduced  a b n o r m a l i t i e s  in  Tenebrio 
molitor. I n  our  p re sen t  s t u d y  we h a v e  no t  seen a n y  ex t r a  
( supernumera ry )  mol t ing ,  as r epo r t ed  b y  STOCK an d  
O'FARRELL 8, who  obse rved  ' an  a t t e m p t e d  a d u l t  m o w  
a n d  ' t he  pers i s tence  of t h e  p ro tho rac i c  g land  in t h e  
mo l t i ng  a d u l t  i nd iv idua l s '  w h e n  the  6 th  i n s t a r  n y m p h s  
were t r e a t e d  w i t h  F M E  a t  a cr i t ical  period.  Dissect ion of 
one 56-day-old t r e a t e d  n y m p h  f rom our  s t u d y  showed 
ev idence  of oocyte  deve lopmen t ,  even  t h o u g h  m e t a -  
morphos i s  d id  no t  occur. Me tamorphos i s  a n d  oocyte  
d e v e l o p m e n t  are t h u s  i n d e p e n d e n t l y  cont ro l led  b y  
t he  juven i le  h o r m o n e  t h r o u g h  some r e g u l a t o r y  me- 
chan ism.  

One of t he  ex t e rna l  abno rma l i t i e s  is t he  d e f o r m i t y  
of wings  (Figures 2, 3, 5 and  6). The  wings of t he  t r e a t e d  
adu l t s  were g rea t ly  r educed  in size, curved,  a n d  only  
s l ight ly  larger  t h a n  t he  n y m p h a l  wing  pads.  Tile v e n a t i o n  

an d  t h e  reg iona l  wing t o p o g r a p h y  are a p p a r e n t l y  un-  
affected.  Microscopic e x a m i n a t i o n  of t h e  de fo rmed  wings  
revea led  t h a t  t h e  d i f f icul t ies  in expans ion  an d  f l a t t e n i n g  
of t h e  wings  are t h e  p r i m a r y  causes for t h e  wing de- 
formi ty .  WI~ITE an d  Gla~GORY 9 a t t r i b u t e d  such  a s i tua-  
t ion  in t h e  cabbage  aphid ,  Brevicoryne brassicae, to t h e  
a b n o r m a l  q u a n t i t i e s  of m i c r o t u b u l e s  in  t h e  wing  cells. 

The  mos t  s t r i k ing  ex t e rna l  f ea tu re  of t h e  t r e a t e d  
females  is t h e  d a r k  b o d y  colour.  T h e  n o r m a l  cu t i cu la r  
colour  p a t t e r n  is h a r d l y  t r aceab l e  in  t h e  genera l  da rken -  
ing of t h e  body,  inc lud ing  t h e  head  an d  appendages  
(Figures i an d  4). STOCK an d  O'FARRELL s also obse rved  
v e r y  d a r k  co lo ra t ion  of t h e  G e r m a n  cockroach  adu l t s  t h a t  
resu l ted  f rom n y m p h s  t r e a t e d  w i t h  F M E  dur ing  a 'c r i t i -  
cal s tage '  of the  las t  ins tar .  WHITE 10 obse rved  t h a t  t he  
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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 ~xl/nymph). 



15.9. 1974 Specialia 1095 

' juven i l i zed  adu l t s '  of t he  cabbage  aphid ,  B. brassicae, 
h a d  on ly  p a r t i a l l y  p i g m e n t e d  wings.  BAGLEY a n d  
BAUERNFEIND 11, in  t h e i r  field t e s t s  w i t h  J H A ,  found  t h e  
l a rvae  of t he  t obacco  h o r n w o r m ,  Manduca sexta, to  be  
lack ing  in me lan iza t ion ,  a n d  th i s  effect  ha s  been  inde-  
p e n d e n t l y  used b y  TRIJMAN et  al. 1~ in deve lop ing  an  
u l t r a sens i t i ve  b ioassay  for juven i l e  ho rmone .  

I t  is i m p o r t a n t  to  no te  t h a t  t he  same J H A  (Ro 20- 
3600) caused  excessive m e l a n i z a t i o n  in  t h e  G e r m a n  
cockroach,  b u t  p r e v e n t e d  m e l a n i z a t i o n  in t h e  t obacco  
h o r n w o r m  larvae .  W h e n e v e r  colour  p a t t e r n s  are affected,  
i t  seems t h a t  t he  exogenous  J H A  e i the r  induces  or pre-  
v e n t s  t h e  cu t i cu la r  p i g m e n t  synthes is ,  d e p e n d i n g  on t he  
insec t  species a n d  age. 

Excess ive  d a r k e n i n g  of t he  cut ic le  is genera l ly  a s sumed  
to be  due  to t h e  depos i t ion  of m e l a n i n  p igmen t .  However ,  
t h e  d a r k e n i n g  due  to  sc le ro t iza t ion  c a n n o t  be  t o t a l l y  
disregarded~a. The  exac t  r e l a t ionsh ip  b e t w e e n  sclerot iza-  
t i on  a n d  m e l a n i z a t i o n  is n o t  k n o w n  a t  p resen t ,  a l t h o u g h  
t y ros ine  in jec ted  in to  t he  insec t  b o d y  d u r i n g  t he  l a t e r  
p a r t  of ecdysis is p r i m a r i l y  i nco r po r a t ed  in to  t he  melan ized  
areas  of Gryllus bimaculatus 14 and  Schistocerca gregaria 1~. 
The  bra in ,  corpora  a l l a t a  and  t he  p ro tho rac i c  g lands  are 
va r ious ly  imp l i ca t ed  in  p i g m e n t  syn thes i s  and  colour  
changes ,  d e p e n d i n g  on  t he  insec t  species, sex, age, a n d  
e n v i r o n m e n t a l  s t imul i ,  t h e  ep ide rmis  be ing  t he  ' t a r g e t  
o rgan '  for h o r m o n e  ~6-1s. I n  Periplaneta americana, a n  
a d u l t  cu t i cu la r  t a n n i n g  h o r m o n e  is k n o w n  to  be  re leased 
f rom the  t e r m i n a l  a b d o m i n a l  gang l ion  ~9 a n d  is c o m p a r a b l e  
to t h e  'Bu r s i con '  of blow flies 2~ E x p e r i m e n t s  are in 
progress  to  f ind  ou t  h o w  t h e  exogenous  J H A  could a l t e r  
the  n o r m a l  p i g m e n t  syn thes i s  and  t he  b u r s i c o n - m e d i a t e d  
cu t i cu la r  processes.  

I n  insects ,  t he  juven i l e  h o r m o n e  cont ro l s  v i te l logenin  
(female-specific p ro te in)  synthes is ,  yo lk  deposi t ion,  
accessory  sex g land  ac t iv i ty ,  a n d  sex p h e r o m o n e  produc-  
tion24, 25. I n  t he  J H A - t r e a t e d  a d u l t  females,  d e v e l o p m e n t  
of ovarioles,  ov iduc t s  and  accessory sex g lands  is affected 
in v a r y i n g  degrees  in  i n d i v i d u a l  adul ts .  I n  some, t he  
en t i re  ovar iole  is a t t e n u a t e d ,  while  in o thers  t he  ind iv idua l  
oocytes  are a t r o p h i e d  or hype r t r oph i ed .  The  l a t t e r  effects, 
un l ike  in a n o r m a l  o v a r y  (Figure  7), resu l ted  in a h igh ly  
i r regula r  a p p e a r a n c e  of ovar ioles  w i t h i n  t he  same o v a r y  
(Figures 8 a n d  10). I n  some adul ts ,  t h e  oocytes  are 
u n i f o r m l y  overdeve loped  (Figure 9). T he  m e a n  l e n g t h  of 
t he  t e r m i n a l  ( =  basal)  oocyte  was 2.2 m m  as c o m p a r e d  
to  1.3 m m  of t he  con t ro l  insec t  (ca. 70% increase).  Here,  
t he  g r o w t h  of t h e  oocytes  a p p a r e n t l y  proceeded  irre- 
ve r s ib ly  b e y o n d  a cr i t ica l  stage.  H y p e r t r o p h y  of t h e  
l a t e ra l  ov iduc t s  (as well  as of t he  calyx) was obse rved  in 
some cases (Figure  8), and  in some, t he  oocytes  were 
clogged in  t he  l a te ra l  ov iduc t s  (Figure  10). 

The  lef t  accessory sex g land  in t he  adu l t  female  
cockroach  produces  a s t r u c t u r a l  p r o t e i n  and  t he  pre-  
cursor  of a phenol ic  t a n n i n g  agent ,  viz., p ro toca t echu i c  
acid glucoside, whi le  t he  r i gh t  accessory sex g land  secretes  
the  glucosidase.  F r o m  these  secret ions,  t he  oo theca  is 
syn thes ized  ins ide  t i le geni ta l  c h a m b e r  2~-2~. T he  develop-  
m e n t  of these  g lands  in t h e  t r e a t e d  females  was i n h i b i t e d  
in some cases, and  in a few o thers  h y p e r t r o p h y  resul ted .  
In  t he  l a t t e r  s i tua t ion ,  t he  t ubu l e s  were no t  on ly  larger  
b u t  also a p p e a r e d  more  wh i t i sh  and  dense. A few t r e a t e d  
females  t e n d e d  to  ov ipos i t  n a k e d  masses  of eggs, a 
cond i t ion  suggest ive  of m a l f u n c t i o n  in t i le f o r m a t i o n  
of oothecae.  1ROHI)ENI)ORV and  SE~NAL *0,~ r ecen t l y  
r epo r t ed  severa l  J H A - i n d u c e d  effects in  Thermobia 
domestics a n d  cons idered  loss of con t ro l  over  cell g r o w t h  
a n d  mu l t i p l i c a t i on  as some of t h e  p r o b a b l e  causes. 

The  inf luence  of e x t r e m e l y  low t i t e r  of J H  d u r i n g  
m e t a m o r p h o s i s  (which is t yp i ca l  of a n o r m a l  insect)  on  

t h e  r ep roduc t i ve  o rgans  is no t  k n o w n  a t  p resen t .  I t  
appea r s  t h a t ,  l ike t h e  cu t i cu la r  ep i the l ium,  these  o rgans  
are re l ieved of t he  JI-I inf luence  a t  m e t a m o r p h o s i s  un t i l  
t h e  J H  t i t e r  bui lds  up  aga in  in t he  adul t .  The  d ive r s i t y  of 
abno rma l i t i e s  observed  a m o n g  t h e  t r e a t e d  females  in  our  
p re sen t  s t u d y  can  be  p a r t l y  a t t r i b u t e d  to t he  age differ- 
ence be tween  t h e  i n d i v i d u a l  n y m p h s  a t  t he  t i m e  of t r ea t -  
men t .  However ,  v a r i a t i o n s  w i t h i n  t h e  same  organ,  such  as 
t h e  h y p e r t r o p h y  a n d  a t r o p h y  of t he  ovar ioles  w i t h i n  t he  
same ovary ,  need  f u r t h e r  research  for a clear  exp lana t ion .  

Of g rea t  p rac t i ca l  i m p o r t a n c e  is t he  fac t  t h a t  t h e  t r e a t e d  
females  lost  t he  c a p a c i t y  to  mate ,  regardless  of t he  e x t e n t  
of a b n o r m a l i t i e s  in  the  i n t e rna l  a n d  ex t e rna l  s t ruc tu res .  
U n m a t e d  n o r m a l  males  r e sponded  w i t h  t yp ica l  m a t i n g  
b e h a v i o u r  w h e n  pa i red  w i t h  t he  t r e a t e d  females,  suggest-  
ing t h a t  t he  females  were a t t r a c t i v e  to  t he  males .  However ,  
t he  females  were qu i te  un re spons ive  to  t he  males,  a n d  no  
m a t i n g  occurred.  E x p e r i m e n t s  of ROTH and  BARTH 32 
ind ica ted  t h a t ,  whi le  corpora  a l l a t a  of t h e  female  cockroach  
m a y  con t ro l  ex t r ins ica l ly  t he  express ion  of her  r ecep t iv i ty ,  
t h e y  are no t  d i rec t ly  i nvo lved  in p roduc ing  a s t a t e  of 
sexual  r ecep t iv i ty ,  and  t h a t  t h e  neu rosec re to ry  s y s t e m  
m a y  con t ro l  t he  r ecep t iv i ty .  I t  appears ,  therefore ,  
t h a t  t he  exogenous  J H A  is in some way  ac t ing  aga ins t  
t he  neurosecre t ions ,  l ead ing  to  t he  loss of sexual  re- 
c e p t i v i t y  in  t he  t r e a t e d  females.  

Zusammenfassung. Vergle ichende  B e s c h r e i b u n g  der  die 
Re i fung  u n d  die F o r t p f l a n z u n g  ve rz6ge rnden  bzw. ver-  
h i n d e r n d e n  Ef fek te  yon  dre i  J u v e n i l h o r m o n a n a l o g a  bei  
Blattella germanica. 
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