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Studies on the histology and histochemistry of the ovaries in normal Dysderciis cingulatus and effects 
of the chemosterilants apholate and metepa on the ovaries o f this animal are presented. Single injection 
of 10 f i g  metepa or 5 (ig apholate per newly moulted adult female does not apparently interfere with 
oocyte growth or vitellogenesis. But the eggs laid after both these treatments do not hatch. Oocyte 
development is however inhibited after treatment of newly moulted adult females with 1 2 .5 /ig metepa 
or 7 . 5 /tg apholate. Histological and histochemical studies o f the ovary after this treatment indicate 
disintegration of germarium and follicular epithelium as well as reduction in size of oocytes and their 
resorption. Prefollicular tissue almost completely disappears and multiple oocytes are present in 
follicles after treatmsnt with apholate. Histochemical studies reveal no yolk granules o f protein, 
carbohydrate or lipid after treatment with both the sterilants. Treatment with apholate by contact 
method at 0 .2 2  mg/ sq cm of surface of contact, inhibits oocyte growth after ptevitellogenesis, ultimately 
resulting in irreversible atrophy of the ovarian tubes.

INTRODUCTION

C hem osterilants affect fecundity  and fertility  
o f  insects (L a C h a n c e  e? a/ 1968; C am pion, 
1972), but w e k n ow  very little about the effects 
o f  the sterilants on  fem ale reproductive sys
tem . Studies on this aspect are lim ited  m ainly  
to  flies and m osq u itoes (M o r g a n , 1967; M o r 
g a n  & L a B recq u e , 1962, 1964; R ai, 1964; 
L a n d a  & R e z a b o v a , 1965); our in form ation  
in  this regard exten d s very little to  h isto log ica l 
levels even  in m ost o f  these studies. D eta iled  
studies on th e  h istop ath o log ica l and h isto 
chem ical effects o f  chem osterilants on  hem i- 
pteran ovaries are few er. Effects o f  6 -a za -  
uridine have been  studied  on  the ovaries o f  
Pyrrhocoris apterus (M a s n e r , 1971). Severe 
pathologica l effects on  the ovaries by tepa  
have been  reported in  Dy^dercus cingulatus 
on the basis o f  m orp h olog ica l studies 
S u k u m ar & N a id u , 1973). T he present 
investigations have been carried o u t to  find  
ou t th e  action  o f  the chem osterilants  
apholate and m etepa on  the ovaries o f

Dysdercus cingulatus a t histological and 
histochemical level. Ovaries o f the normal 
animal have also been studied.

MATERIALS AND M ETHODS

Rearing o f  animats

The red cotton  bug Dysdercus cingulatus was 
reared in the laborato ry  on soaked co tton  seeds 
kept on wire meshes in plastic basins o f 30 cm d ia
meter. The rearing basins were covered witli clothing 
to prevent the anim als from  escaping. The seeds 
were changed daily. M ating started  when they were 
two days old. Tlve anim als laid  eggs when six or 
seven days old, am ong cotton  seeds, in clutches. 
These eggs were rem oved to a Petri-d ish  while 
changing the co tton  seeds in the m orning. The 
eggs hatched by five days. The first instar nym phs 
were transferred to cotton  seeds and were reared 
as above in basins. These anim als have five nym phal 
stages and the freshly laid  egg took  abou t twenty 
five days to become adult, under the labora tory  
conditions.

Animals used

Newly m oulted adults were collected from  the 
stock colony. Fem ales could be distinguished by



their larger size and tlie external genitalia. The 
newly m oulted m ales and females were transferred 
to glass chim neys and reared on soaked cotton 

seeds; the m outh  o f the chim ney was covered with 
clothing. Thus anim als o f known age were readily 
available for the study.

Histological and histochemical techniques

F o r the study o f the norm al ovary and vitello- 
genesis, females were sacrificed a t one day interval 
u p to  six days post-emergence. The ovaries were 
dissected ou t and fixed in B o v in ’s  fluid, C a r n o y ’s 
fluid, 10%  form alin, o r Z e n k e r ’s fluid. F o r histo
logical studies, ovaries fixed in B o u in ’s fluid or 
Z e n k e r ’s  fluid were processed in the routine m anner. 
Paraffin sections were stained in H e id e n h a in ’s iron 
haem atoxylin and eosin.

F or histological studies, ovaries were embedded 
in either paraflin o r gelatin. Proteins were dem on
strated  by M il l o n ’s  reaction (after B a k er )  o r  by 
m ercury brom ophenol blue m ethod after B o n h a g  
(P ear se , 1968), using CARNOY-fixed or fo rm alin - 
fixed m aterial after em bedding in paraffin o r gelatin. 
F o r carbohydrates, Periodic acid Schiff technique 
(after M c M a n u s ) was employed using fo rr .a lin -  
fixed gelatin sections o r Carnoy-fixed paraffin 
sections. Lipids were stained using Sudan Black 
B  or formalin-^fixed gelatin sections o r formalin-fixed 
paraffin sections. D N A  was studied using Feulgen 
technique, on paraffin sections after fixation in 
C a r n o y ’s fluid o r form alin fixation. Nucleic acids 
were also studied by m ethyl green pyronin Y m ethod 
(CuRNiCK) em ploying form alin-fixed gelatin sections 
and C arnoy-fixed paraffin sections. Suitable con
trols were kept for all histochem ical procedures.

Chemosterilants
M etepa and apholate were the chem osterilants 

em ployed. They were either injected into the 
haem ocoel through pleural region after ether anes
thesia by m eans o f a  m icroliter syringe, o r the 
anim als were treated  by contact m ethod. F o r 
injection the solutions were dissolved in distilled 
w ater a t known concentration . A fter prelim inary 
trials, 10 /ig and 12.5 /tg m etepa and 5 iig  and
7 .5  /tg apholate were chosen for detailed study. 
C ontrols received distilled water injection. For 
treatm ent by contact m ethod, sets o f PETRi-dishes 
o f radius 5cm  and height 2 .5  cm were taken and 
50 mg apholate dissolved in 5cc acetone was applied 
uniform ly to each set over all the surface o f contact 
and  allowed to  dry. This gave a residue o f 0 .22  
m g / sq cm of the surface o f contact. Anim als 
kept in acetone-treated dishes served as controls.

Both experim ental and control anim als were kept 
in the PETRi-dishes for 4 hours. O nly newly m oulted  
anim als were used for treatment.

Treated as well as contro l anim als along with 
some norm al males were reared on soaked cotton  
seeds in glass chim neys. Eggs laid by the anim als 
were collected, counted and observed for hatch- 
ability studies. T reated insects were also dissected 
in insect R inger 2, 3, 4, 5, 6 , 12 and 19 days after 
treatm ent to  note the progressive changes in the 
ovaries. Ovaries o f contro l insects were dissected 
ou t 2, 3, 4, 5 and 6 days after treatm ent. H istology 
and histochem istry o f the ovaries o f these insects 
were studied as already desceribed.

OBSERVATIONS

Structure o f  the ovavries and vitellogeuesis 
in the normal animal

The ovaries o f Dysdercus cingulatus are 
telotrophic, each with seven ovarioles. The 
ovariole consists o f term inal filament, germa- 
rium, vitellarium and pedicel (Fig. 1). In  the 
germ arium  are the germinal cells a t various 
stages o f m aturation, trophocytes, trophic 
core and prefollicular tissue. As each oocyte 
of the germ arium  enlarges and enters the 
vitellarium, prefollicular tissue which is at 
first m ultilayered, gets arranged around the 
oocyte in the form  of follicular epithe
lium. This becomes ultimately one layer 
thick. D uring the previtellogenic stage which 
extends upto two days after emergence this 
difTerntiation of follicular epithelium takes 
place. The follicle cells which are at first small 
and m ononucleate, subsequenly enlarge and 
become binucleate. Vitellogenesis begins on 
the third day and continues on the fourth  
and fifth days. Concom itant with the pro
gress o f  vitellogenesis the abdom en swells to 
accom m odate the enlarging oocytes.

The cytoplasm of the trophocytes, young 
oocytes, follicular epithelium as well as the 
trophic core and nutritive cords of the pre
vitellogenic ovary are stainable rather hom o
geneously with techniques for proteins and 
RN A  but no granules of these materials are 
visible now. The trophocytes apparently



contribute D N A , large quantities of RN A  
and proteins to  the developing oocytes. 
Masses of D N A  are visible in the trophocyte
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Fig. 1

region, but the trophic core is not Feulgen 
positive. D N A  appears to  break down 
before reaching the trophic core. Small 
granules which are rich in both carbohydra
tes and proteins appear in the peripheral 
ooplasm of the basal oocytes on the third 
day. These enlarge in size and number 
forming the large yolk granules made up o f 
protein-carbohydrate complex (Fig. 2). These 
subsequently fill the oocyte. When vitello- 
genesis is m ost active, spaces develop among 
follicle cells through which m aterial can 
enter the oocytes from blood (Fig. 3). 
Smaller, lipid yolk granules which appear 
subsequently, are distributed amog the larger 
protein-corbohydrate yolk granules (Fig. 4). 
Vitellogenesis is complete by the end o f the 
fifth day and chorion form ation ensues sub
sequently. Completed, m ature eggs are
deposited on the sixth or seventh day.

Effect o f  metepa

Animals treated with 10 /*g metepa lay 
sterile eggs. This dosage does not interfere 
with the development of the ovary or with 
fecundity. M ating is norm al in treated
insects. Insects which receive 12.5 /*g metepa 
appear norm al on the day of the injection 
and on the next day. However, on the third 
day about 50% mortality is recorded among 
them. The remaining animals m ate freely. 
Abdomen does not swell even after 12 days 
indicating absence of egg development. This 
is substantiated histologically. Infecundity 
is complete. Insects have been kept upto 
nineteen days to see whether the trend is 
reversed and eggs start developing again. 
They have been found to  develop no eggs. 
Thus 12.5 / 'g  metepa inhibits growth of the 
ovary and vitellogenesis completely.

Detailed studies on the histological changes 
in the ovaries after treatm ent with 12.5 ^ g  
metepa reveal that ovariole size as well as 
oocyte num ber are reduced in the treated 
insects. Visible histological changes in the



EX PLA N A TIO N  O F  FIG URES

Fig. 1. D iagram  representing the longitudinal 
section o f an ovariole o f 3-4  day old 
Dysdercus cingulatus. B FE-binucleate 
follicular cell; B T-binucleate trophocyte; 
C FE -co lum nar follicle cell ; GV -ger- 

m inal vesicle ; IFT -interfollicular tissue ; 
M FE-m ononucleate follicle cell; M L F E - 
m ultilayered follicle epithelium  ; M T - 
m ononucleate trophocyte ; N C -nutritive 
cord ; N C S-nuclear clusters o f tropho- 
cytes ; PFT-prefollicular tissue ; T C - 
trophic core ; T F-term inal filament: 
Y S - yolk spheres.

Fig. 2. Section o f a  m ature  oocyte showing
carbohydrate yolk granules (C a r n o y ’s 
fluid ; PAS technique).

Fig. 3. Section o f a  m ature oocyte showing binu.
cleate follicle cells (solid'arrow s). The thin 
connection between follicle cells (broken 
arrow s) disappears except in certain 
regions.

Fig. 4, Section o f a  m ature oocyte showing
distribution o f the lipid yolk spheres 
(dark) around  the protein-carbohydrate 
yolk granules (unstained). (Form alin, 
Sudan Black B, cryostat sections).

Figs. 5 & 6 . Section o f the germarium  o f anim als
three days after injection of 12.5 /tg
m etepa (Fig. 6) showing disintegration 
o f the posterior region o f the germarium  
(dark  masses), and section o f its control 
(Fig. 5) showing less intense trophocyte 
disintegration.

Fig. 7. Section o f the germ arium  and part o f the 
vitellarium  o f an  anim al seven days after 
injection o f 12.5 /tg o f m etepa showing 
the trophic tissue alm ost completely dis 
integrated (dark masses). Arrow shows 
hyperplastic follicle cells.

Fig. 8. Section o f a part o f the vitellarium  o f  an
ovariole four days after injection o f
12 .5  ;tg o f m etepa showing resorbing 
oocyte (RO) and  the hyperplastic folli
cular epithelium  (FE).

Fig. 9. Section of the ovariole o f an  anim al
nineteen days after injection o f 12.5 ;tg 
m etepa. N ote  the disintegrated content 
(G) a t the basal region o f the germarium . 
Vitellarium is alm ost empty.

Fig. 10. Section of the ovary of an  anim al two
days after injection of 7 . 5  apholate. 
N ote  the disintegration o f trophocytes 
(DT), absence o f prefollicular tissue and 
poorly developed follicular epithelium .

Fig. 11. Section o f the germ arium  o f  ovaries o f 
an  anim al four days after injection o f
7 . 5 /tg  apholate, showing dark  staining 
granules in the oocytes and the d isin te
grated trophocytes.

Fig. 12. Section o f the vitellarium  o f an anim al
four days after injection o f  7 . 5 /tg 
apholate, showing twin oocytes in a 
follicle (arrow s) and poorly developed 
follicular epithelium.

Fig. 13. Section o f the vitellarium  showing
resorption o f the oocyte (dark  masses) 
eight days after injection o f 7 .5
apholate.

Fig. 14, Section o f the ovary o f an  anim al
nineteen days after apholate treatm ent 
by contact m ethod, showing atrophied  
ovarian tube and invading follicle cells 
(arrows).
(All figures from  2-14, unless otherw ise
stated, are from  preparations m ade
from  tissues fixed in B o u in ’s fluid and 
stained in H e id e n h a in ’s iron haem a- 
toxylin and eosin).







ovary start two days after injection. Intense 
disintegration o f the trophocytes starts from  
the posterior zone of the germ arium  and 
progresses forwards (Figs. 5&6). Ovariole 
a t this stage measures 1.7  mm in length as 
com pared to  control ovariole which is 4 mm 
in length. There are now four to  six oocytes 
in the vitellarium which are all a t previtello- 
genic stage in the treated ovariole whereas 
in the corresponding controls the basal 
oocytes start deposition o f yolk granules.

D isintegration o f chrom atin m aterial of 
the trophocytes, prefollicular tissue and germ 
cells increases steadily, forming clumps. The 
cytoplasm  also degenerates subsequently 
contributing to the clumping masses, which 
ultimately fill the entire germarium. These 
clumps unite to  form large masses which 
develop am ong them vacuoles. Six to  seven 
days after treatm ent the germarium is almost 
full o f disintegrated tissue (Fig. 7).

O f the 4-6 oocytes in the vitellarium none 
show signs o f any yolk deposition when exa
mined on the fourth  day. The treatm ent 
results in resorption of the oocytes even 
before yolk form ation, and it starts m ost fre
quently from the anterior end of the vitellar
ium but occasionally from the posterior end 
also. Resorption starts on the second day or 
on the early third day after treatm ent. At first 
the follicular epithelium appears quite nor
mal . Some light-staining patches appear in 
the homogeneous ooplasm  which later deve
lops vacuoles. G radually vacuolation of the 
cytoplasm increases, lesulting in masses of 
dark staining bodies. During this time the 
follicular epithelium shows considerable 
changes. In  some ovaries, follicular epithe
lium appears multilayered and results in 
hyperplasia (Fig. 8). W hen com pared to  the 
follicle cells o f  the control which measure 
about 17 y  X 1 5 ^ , those o f treated insects 
are very small measuring only 7fi x 3/i. 
They do  not differentiate beyond this stage.

Later they become irregular in shape, pycno- 
tic and gradually appear to  invade the oocy
tes. The shape o f the oocyte becomes dis
torted and the oocytes grow smaller as a 
result o f gradual resorption. By six or seven 
days after treatm ent almost all the oocytes 
are resorbed and their place is occupied by 
the follicle cells which now increase in size 
and fill the entire “ ooplasm ” . The mass of 
follicle cells and the relics o f the germarium 
get shrunk, ultimately leaving the ovariole as 
an alm ost empty tube (Fig. 9). N o sign of 
developm ent o f a second batch o f eggs is 
indicated even in animals kept under obser
vation for nineteen days.

In the resorbing oocytes in animals six 
days after treatm ent, certain regions o f the 
cytoplasm show abundant proteins and the 
vacuolated region contains very little o f it. 
The clumped m aterial o f the germarium is 
lightly stainable with PAS. As vitellogenesis 
does no t take place in the treated ovary the 
corresponding histochemical reaction is 
absent. M ost o f the clumps o f degenerated 
material in the treated ovary consist of either 
D N A  or R N A . M aterial taking up both 
methyl green and pyronin and hence con
taining both D N A  and RNA are also present 
am ong them. The ovary o f the control 
animal does not differ from  that o f the norm al 
animal either histologically or histochemi- 
cally.

Ejfeci o f  apholate

Females treated with 5 of apholate
show a m ortality rate o f about 25% . They 
deposit sterile eggs. R ather high m ortality 
of about 50%  is observed am ong insects 
treated with 7.5A^g of apholate. These 
insects m ate less frequently and swelling of 
the abdom en is not noted. Dissection of
these insects reveals drastic influence on
ovaries. A pholate-treated ovary presents a 
histological pattern o f degeneration different 
from  that o f the m etepa-treated ovary.



Changes in the ovary are noticeable even 
from  the beginning o f the second day (Fig. 
10). There are fewer oocytes in the vitella- 
rium and as a result the whole ovary is 
reduced in size. D isintegration of the 
germarium starts from  the posterior region 
and proceeds anteriorly. Four days after 
treatm ent the whole germarium is filled with 
irregular clumps o f chrom atin material 
(Fig. 11). Almost complete elimination 
o f  perfollicular tissue is a striking feature of 
the ovary as early as two days after treat
ment (Fig. 10). As a result the follicular 
epithelium is almost reduced to  a thin 
m embrane w ithout any distinct cells. M ore 
than  one oocyte very often occur in a single 
follicle (Fig. 12). The linear arrangem ent 
of follicles in the vitellarium is also distur
bed. Oocytes with apparently two nuclei 
are sometimes found in the germarium. 
Yolk deposition does not take place in these 
oocytes and these are never oviposited. 
They later disintegrate and are resorbed. 
Vacuoles appear in the homogeneous cyto
plasm of oocytes three days after treatm ent 
along with granules which stain dark by 
iron haematoxylin. In oocytes four or five 
days after treatm ent, these dark staining 
granules increase in size, later forming dark 
masses filling the entire oocyte (Fig. 13). 
They differ from the yolk granules in that 
they first appear in the oocytes which are 
either in the germ arium  or are near it. They 
are also irregular in shape. These bodies 
later get resorbed and their place is occupied 
by the invading follicle cells.

Protein granules indicating resorption are 
observed in the cytoplasm and nuclei of 
oocytes, follicular epithelium and tropho- 
cytes o f the treated ovary as early as one day 
after treatm ent, unlike the controls. In 
animals four days after treatm ent the dege
nerating material in the germarium and in 
the oocyte is rich in protein, bu t the controls 
contain no such granules. These however

are not com parable to yolk granules. As 
vitellogenesis does not take place in the 
treated ovary, the protein-carbohydrate yolk 
granules and lipid yolk granules are entirely 
absent in them. The disintegrated mass o f  
the trophocytes and w hat remains o f the 
follicular epithelium and oocytes, contain 
D N A  and R N A . These clumps fill the 
entire germarium as well as the vitellarium o f 
the ovaries six days after treatm ent.

Effect o f  apholate treatment by 
contact method

Newly moulted females exposed to  
apholate residue fail to develop eggs. Oocyte 
grow th proceeds upto the end o f the previ- 
tellogenic period. Sometimes vitellogenesis 
starts but later those oocytes also get resor
bed. The ovary nineteen days after tre a t
m ent show atrophied ovarian tube, the 
interior o f  which is filled w ith the invading 
follicle cells (Fig. 14). The shrunken, 
disintegrated germarium consists only o f the 
fragments of cytoplasm  and disintegrated 
chrom atin material. C ontrol insects exposed 
to  acetone treated surface are com parable to 
norm al animals.

D IS C U SS IO N

The structure of the ovaries and vitellogen
esis in Dysdercus cingulatus are essentially 
com parable to  th a t in  Dysdercus fasciatus  
worked out in detail by B r u n t  (1971). Yolk 
deposition in Dysdercus cingulatus starts on 
the third day after adult emergence, as 
already reported ( J a l a ja  &  P r a b h u , 1971).

A pholate and m etepa adm inistered in 
various doses produce changes which range 
from  an alm ost complete necrosis o f the 
ovary to  almost norm al ovary resulting in 
the production of apparently norm al but 
nonviable eggs. The severity and changes 
produced by the chem osterilants are depend
ent on dosage. The infertility o f the appa
rently norm al eggs produced as a result o f



treatm ent of females with lower doses may 
be due to  enzyme inhibition (M e n d o z a  & 
P e te r s , 1968; T u r n e r  & M a h e sw a r y , 1969), 
o r due to induction o f dom inant lethal 
m utations as suggested by L a C h a n c e  & 
C h r is t a l ,  (1963) in other insects.

The two chemosterilants apholate and 
m etepa act differently on the ovarian tissue 
though the final result is the same. V/hen 
higher doses are employed reduction in the 
num ber o f oocytes as well as decrease in the 
size of the ovary are the common effects. 
The trophocytes o f the germ arium  are the 
first to  be affected by the sterilants. At the 
time o f the treatm ent the vitellarium already 
contains three to  four oocytes. Production 
of more oocytes is inhibited by the sterilants. 
This is due to disintegration o f the posterior 
zone o f  the germarium where oocytes are 
differentiated. The disintegration of the 
germarium leads also to  restriction 
o f the supply o f trophic m aterial such as 
ribonucleoprotein and D N A  necessary for 
the activation o f young oocytes in the 
vitellarium, restricting their growth during 
the previtellogenic period. The observations 
on the house flies also indicate that damage 
to follicle cells and nurse cells o f the egg 
chamber as well as destruction of the ger
m arium  are responsible for infecundity 
(L a n d a  & R e z a b o v a , 1965). Ovarian dege
neration is also observed in Drosophila 
( C a n t w e l l  & H en n e b e r r y , 1963) after 
treatm ent with chemosterilants. In the telo- 
trophic ovary of beetles disintegration o f the 
upper part of the germ arium  and suppres
sion of the division o f trophocytes are noted 
following application of tepa (O n d r a c e k  & 
M a t o l in ,  1971). A trophy of prefollcular 
and follicular tissues and the occurrence o f 
multiple oocytes within a single follicle with
out any linear arrangem ent of oocytes in the 
ovarioles are the striking characteristics o f 
apholate treated ovary observed during the 
present study. In Pyrrhocoris this pheno

menon has been described after treatm ent 
with 6-azauridine in which it has been sug
gested tha t the twin oocytes are form ed as 
a result of disturbance of the division mecha
nism by the chem osterilant (M a sn e r , 1971). 
It may be due to  oocyte fusion or due to 
m ore than one oocytes entering the sam e 
follicular chamber.

There is a  possib ility  that yo lk  deposition  
does n o t start in  (h e oocy tes o f  the treated  
insects due to  failure o f  fo llic le  cells to  
differentiate properly. Synthesis o f  y o lk  in 
m any insects does n o t start until fo llicu lar  
epithelium  differentiates properly (A n d e r so n ,  
1971). T he sensitivity o f  the follicular  
ep ithelium  to  the sterilants observed during  
the present study is especia lly  significant in  
th e  light o f  the findings that fo llic le  cells 
play an im portant role in incorporating yo lk  
in to  the oocytes (A n d e r so n  & T e l f e r ,  1969). 
C hem osterilants a lso  influence the neuro
endocrine m echanism  in  insects (M a sn e r  & 
M a c h a , 1968; T a n , 1974; J a la j a  & P ra b h u , 
1976). M edian  neurosecretory cells and  
corpus a llatum  are know n to  con tro l vitello- 
genesis in th is anim al (J a la ja , 1974, 1975; 
J a la ja  et ah, 1973). So the effects o f  the 
sterilants on  the neuroendocrines m ight a lso  
play their role in affecting v itellogenesis in 
the treated ovary. R esorption  in  insects 
occurs after treatm ents w ith  chem osterilants  
(S m it t le  et a l ,  1966: B u ly g in s k a y a  et a i ,  
1967: C am pion, 1968; K e r n s  & N a ir ,  
197.2; SUKUMAR & N a id u , 1973). In 
Schistocerca (K e r n s  & N .m r, 1972) the  
low er con centration  o f  haem olym p h  proteins 
in  the tepa-treated insects is on e o f  the  
factors th at contribute to  the resorption  o f  
oocytes. H ow ever, in  m etepa treated c o c k 
roach Pen'planeta haem olym p h  protein  c o n 
centration d oes n ot fa ll, th ou gh  there is a 
change in electrophoretic  pattern o f  the  
b lood  proteins (P r a b h u  & N a y a r ,  1972). 
It appears that a num ber o f  these factors  
m ight play their role in bringing about 
in h ib ition  o f  v ite llogen esis in  Dysdercns after  
treatm ent w ith  the chem osterilants.



A c k n o w le d g e m e n ts W e acknowledge the facilities
given in the D epartm ent; we are indebted to D r.
M. K . K . PiLLAi for the gift o f m etepa and apholate,
and one o f  us (M J) thanks the C SIR , New Delhi,
for a  Senior Research Fellowship.

REFERENCES

A n d e r s o n ,  L. M. (1971) Protein synthesis and up
take by isolated Cecropia oocytes. J. Cell Sci., 
8 : 735-750.

A n d e r s o n ,  L. M . & W. H . T e l f e r  (1969) A  follicle 
cell contribution  to the yolk spheres o f m oth 
oocytes. Tissue and Cell, 1 : 633-644.

B u lv g in s k a y a ,  M . a . ,  T. V. I v a n o v a  & G. D. 
T s h u g u n o v a  (1967) The effect o f cytostatic 
substances upon gonads o f some L epidoptera. 
Ent. Obozr., 46 ; 569-582.

B r u n t ,  A. A. (1971) The histology o f the first batch 
o f eggs and their associated tissues in the ovariole 
o f Dysdercus fasciatus S ig n o r e t  (H eteroptera ; 
Pyrrhocoridae) as seen with the light m icroscope. 
J. M orph., 134 : 105-130.

C a m p io n , D . G . (1968) T he chem osterilization of 
the red boll worm  Diaparopsis castanea FImps. 
(Lepidoptera : N octuidae). 13r/; Int. Congr. 
Ent. A bstracts o f papers, 45.

C am p ion , D . G . (1972) Insect chem osterilants : 
a review. Bull. ent. Res., 61 ; 577-635.

C a n t w e l l ,  G . E. & T. J. H e n n e b e r r y  (1963) The 
effects o f  gam m a radiation  and apholate on  the 
reproductive tissue o f Drosophila melanogaster 
(M e ig e n ) .  j . Insect Physio!., 5 : 251-264,

J a la j a ,  M . (1974) Com plete inhibition of vitello- 
genesis after extirpation of m edian neurosecre
tory cells in Dysdercus cingulatus. Curr. Sci., 
43 : 286-287.

J a la j a ,  M . (1975) Studies on vitellogenesis in 
Dysdercus cingulatus (Insecta : H eteroptera : 
Pyrrhocoridae). Thesis subm itted to  the 
University o f Kerala for Ph .D ., 219 pp.

J a la j a ,  M . & V. K . K . P r a b h u  (1971) Blood protein 
concentration in relation to vitellogenesis in 
Dysdercus cingulatus. E.xperientia, 27 : 639.

J a la j a ,  M . &  V . K . K. P r a b h u  (1976) Influence 
o f  the chem osterilants apholate and m etepa on 
the endocrine system o f the female red cotton 
bug, Dysdercus cingulatus (in Press).

J a la j a ,  M .,  D . M u r a le e d h a r a n  &  V . K. K . P r a b h u
(1973) Effect o f extirpation of m edian neuro
secretory cells on reproduction in the female

red cotton  bug, Dysdercus cingulatus. J. Insect 
Physiol., 19 : 29-36.

K e r n s , D . R . &  K . K . N a ir  (1972) Physiological 
studies on the effects o f  tepa on  Schistocerca 
gregaria. Ann. ent. Soc. A m er., 65 : 217-221.

La C h a n c e , L. E. & M . M . C r ysta l  (1963) The 
m odification o f reproduction  in insects treated  
with alkylating agents. IF  D ifferential sensi
tivity o f  oocyte meiotic stages to  the induction 
of dom inant lethals. BioL Bull., 125 : 280-288.

La C h a n c e , L . E ., D . T. N o r t h  &  W. K lassen  (1968) 
Cytogenetic and cellular basis o f chemically 
induced sterility in insects, in Principles o f  
Insect Chemosterilization  (ed. L aB r e c q u e  G . C. 
& C. N . S m ith ), A ppleton-C entury-C rofts. 
99-157.

L a n d a , V. & B. R ez a bo v a  (1965) T he effect o f  
chem otserilants on the developm ent o f rep ro 
ductive organs in insects. \2 th  Int. Congr. E nt., 
516-517.

M a s n e r , p. (1971) The sterilization effect o f 6-  
azauridine on the ovary and corpus allatum  
interaction in the bug!Pyrrhocoris apterus. Insect 
Endocrines, Suppl. tActa  entomol. hohemoslov., 
25-35. Academ ia Praha.

M a s n e r , P. & J. M a c h a  (1968) Indirect sterilizing 
effect induced by a chem osterilant interfering 
with the functioning o f corpus allatum  and  fat 
body tissues. M th Int. Congr. Ent., A bstract 
o f  papers, 163.

M e n d o z a , C. E. & D . C. P eters (1968) H istochem i- 
cal effects o f apholate on the reproductive 
organs o f the southern corn roo t worm . J. econ. 
Ent., 61 : 416-420.

M o r g a n , P. B. (1967) Effects o f hem pa on the 
developm ent o f the house fly, M usca domestica  
(D iptera : M uscidae). Ann. ent. Soc. A m er,. 
60 : 812-818.

M o r g a n , P. B . &  G. C. L a B recque  (1962) The 
effect o f apholate on the ovarian  developm ent 
o f house flies. J. econ. E nt., 55 : 626-628.

M o r g a n , P. B . &  G . C . L aB recque  (1964) Effect 
o f  tepa and m etepa on ovarian developm ent o f 
house flies. / .  econ. Ent., 57 : 896-899.

O n d r a c e k , j .  & S. M a to l in  (1971) Sterilising 
effects o f tepa on the bean beetles Acanthocelides 
obtectus Say  (Coleoptera). Acta. entomoL bohem- 
oslov., 68 : 209-215.

P ear se , a .  G . E. (1968) H istochem istry : Theo
retical and Applied  (3rd ed.) J. & A. Churchill 
L td ., L ondon, 759 pp.



P r a b h u , V. K . K . & K . K . N ay a r  (1972) Changes 
in blood proteins in the cockroach Periplaneta 
americana after sterilization with metepa. Ent. 
exp .appl., 15 : 417-422.

R ai, K . s .  (1964) Cytogenetic effects o f chemosteri- 
lants in m osquitoes. 2. M echanism of apholate- 
induced changes in fecundity and fertility of 
Aedes aegypti (L). Biol. Bull., 127 : 119-131.

S m ittle , B . J., J. S ch m itt  & G. S. B u r d e n  (1966) 
Effects o f tepa on the reproductive organs and 
embryology of the G erm an cockroach. J. econ. 
Ent., 59 : 1419-1423.

SUKUMAR, K . & M . B. N a id u  (1973) Inhibition of 
ovarian growth by tepa in Dysdercus cingulatus. 
J. econ. Ent., 66 : 20-22.

T a n , K . H. (1974) The disruption of neuroendo
crine function and reproduction in the M editer
ranean flour m oth, Ephestia ktihniella (Lepidop- 
tera : Phycitidae) by a  chem osterilant, hexa- 
m ethyl m elamine (H EM EL). Experientia, 30 : 
1403-1405.

T u r n e r , R. B. & N. P. M a h e sw a r y  (1969) Biochemi
cal effects o f apholate on  m osquito ovarian 
tissue. Ann. ent. Soc. Anier., 62 : 1991-1095.






