
Commun. Fac. Sci. Univ. Ank, Ser, C 
V, 4. pp, 61 -19 (1986)

THE EFFECTS OF THIOTEPA ON THE FINE STRUCTURE 
OF THE OVARIUM OF THE LAST INSTAR LARVAE OF 
AGROTIS ÎPSILON (HUFNAGEL) (LEPIDOPTERA; NOC- 
TUIDAE)

ZEKÎYE SULUDERE* and SEVİNÇ KAROL**
*

**
Department of Biology, Facully of Art and Science^ University of Gazi, Ankara, Turkey 
Department of Biology, Family of Science, University of Ankara, Turkey

(Received in June 1986, Accepted in September 1986)

ABSTRACT:

Thiotepa was applied at two doses (0.01 % and 0.1 %) and for 3 or 10 minutes to the 
abdomens of A. ipsilon larvae.

The coating layers of ovaries are distinctly affected by 0.1 % Thiotepa for each period. 
The cells in the ovarioles shovv, also, degenerations after using 0.01 % and 0.1 % Thiotepa. 
0.01 % Thiotepa application for three minutes has a less effect. The increase in concentra- 
tion as iveli as the duration of application of Thiotepa increases also the degeneration more 
severely in the cells of ovarioles. A complete destruction is obtained after the application 
of 0.01 % Thiotepa for 10 minutes.

The apperances of these degenerations are shown ıvith electronraicrographs in detail 
Thiotepa is a vcry effective chemosterialant for A. ipsilon.

INTRODUCTION

One of the harmful larvae of the insects in the fields is that of 
Agrotis ipsilon. In order to control this species several methods have 
been tested inciuding insecticides, juvenoids, parasites, microorganisms, 
and some antifeedants. Aluminium sulphate and ammonium suiphatc 
are the most effective salts which were used as deterrent agent against 
A. ipsilon in the laboratory cxpcrinıents (DIMETRY and MANSOUR, 
1975). Duter, Duter tetra, Brestan, Brestanol and Suzo are also some 
commercial substances which were used for inhibition of feeding of 
insects (MEGEED et ah, 1974). insecticides and juvenoids were used 
on some species of Noctuidae. The effective dose for A. ipsilon has been
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found higher than that of the other noctuids (SEHNAL et al., 1976; 
STREIBERT and DITTRICH, 1977). Pathogenic microorganisms 
and insect parasites were also found to be pathogenic to A. ipsilon 
(IGNOFFO and GARCIA, 1979; JOHNSON and LEWIS, 1982; 
SCHOENBOHM and TURPIN, 1977).

Chemosterilants have been started to use for insect control. 
BORKOVEC (1962, 1966) and CAMPION (1972) reviewed these 
works. The effects of chemosterilants on insects were generally evalua- 
ted with the decrease of the number of the eggs laid and with the per- 
centage of egg hatchability (CRYSTAL and LaCHANCE, 1963; 
COLLIER and DOWNEY, 1965; LaBRECQUE, 1972; ANWAR 
et al., .1974; OSMAN et al., 1975; STEFAN and STUEBEN, 1976). 
Metepa and Duter were examined as chemosterilants on A. ipsilon 
by SHAABAN et al., (1975).

The effects of chemosterilants differ according to the larval instars 
(SALAMA, 1976; SHARMA and THERIAULT, 1980) and to the 
structure, concentrations, methods, durations of the chemosterialants 
during the treatments (GHANG et al., 1964; COLLIER and DOW- 
NEY, 1965; BORKOVEC et al., 1968; GHAUDHARY and KAPIL, 
1976, 1977; TERRY et al., 1977; HAFEZ et al., 1978; GÜVEN, 
1979).

The degeneration and the decrease of the volüme of ovaries and 
testes caused by chemosterilants were shown on Blatella germanica 
(SMITTLE et al., 1966), on Musca domestica (MORGAN, 1967), 
on Oncopeltus fasciatus (ECONOMOPOULOS, 1971) and on Trichop- 
lucia ni (HENNEBERRY et al., 1972). With the effect of chemosteri- 
lant, the vacuolisation of cytoplasm and nucleus, the aggregation of 
chromatin, the aberation of chromosome and the dififerentiation of 
celi content of different parts of reproductive organs occured (LANDA 

Ytnd REZABOVA, 1965; CLINE, 1968; LaCHANCE and LEVER- 
ICH, 1968; KLASSEN et al., 1969; SANENA and ADITYA, 1969, 
1974; WILSON and HAYS, 1969; ADDY, 1970; LANDA and 
MATOLIN, 1971; NATH and SHEIKHER, 1976).

Thiotepa, as an anticancerogen drug for the treatment of several 
cancerogenic tumors and Hodgkin disease, has also been shown that 
it could be used as a chernosterilant for insects (LANDA and REZA
BOVA, 1965; PARNELL and METTRICK, 1969; OSMAN et al., 
1975; GHAUDHARY and KAPIL, 1976, 1977; TERRY et al., 1977; 
LADD et al., 1980).
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On the control of A. ipsilon, a successful result has not been ob- 
tained yet. For this reason, ît is necessary to try other methods on this 
insect.

There is no study with chemosterilant on the ovary of A. ipsilon. 
The aim of this work is to show the effect of Thiotepa on the structure 
of ovaries of the last instar larvae.

MATERIAL and METHODS

The methods of collection and rearing of the larvae and the met- 
hod used for electron microscopy are the same as described in the 
previous paper (SULUDERE, 1986).

Thiotepa was prepared at 0.01 % and 0.1 % concentrations in 
distilled water. Thiotepa was dissolved tili the liquid seemed clear. 
Thiotepa was prepared pior to use.

The abdomens of, at least, three specimens for each serie were 
dipped in 0.1 % Thiotepa or 0.01 % Thiotepa for 3 or 10 minutes. 
Distilled water was used for control experiments since it was the sol- 
vent of Thiotepa. After these treatments, the excess liquid on the 
abdomen was absorbed with filter paper, then the larvae were kept 
in normal conditions for 24 hours. Then the larvae v/ere dissected 
and ovaries were prepared for the TEM observation.

RESULTS

The ovaries from the larvae which were dipped in 0.01 % or 
0.1 % Thiotepa for 3 or 10 minutes and were dissected after 24 hours, 
have not shown any distinguishable differences with naked eyes. 
However, when they were studied histologically, the thin sections of 
these ovaries have shown some differences.

0.01 0/
/o Thiotepa for 3 minutes has not affected the sheet of ovary,

the loose and the dense connective tissues, lamina, epithelial layer and 
tunica propria. But some of the cells in the ovarioles ha ve started to 
degenerate. This degeneration has shown itself as a disintegration and
vacuolisation in the karyoplasm (Fig. 1). There is no visible change
in the nucleolus (Fig. 2). In some cells, there are some cytoplasmic
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Figüre 1. The vacuolisation and the disintegration of karyoplasm of the nucleus in the 
germ celi after the treatment with 0.01 Thiotepa for 3 minutes. 5000Xo/
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i
Figüre 2. The vacuoles in the nuclei of germ cells and a nucleolus without any destruction 
after the treatment with 0.01 % Thiotepa for 3 minutes. 10 000 X 
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degeneration. Some vacuoles with incomplete membrane, some 
amorphous and membranous structures are typical apperances of these 
degenerations (Fig. 3). Sometimes, a big amorphous mass surrounded
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Figüre 3. The degeneration of the cytoplasm of the germ cells and vacuoles with incomplete 
membrane after the treatment with 0.01 % Thiotepa for 3 minutes. 7 000 'K

with a membrane and several small vacuoles can be seen in the cytop
lasm of the same celi. In the amorphous mass, small membranous 
structures the origin of which are not known, some unstructured pla- 
ces and less dense regions can be recognized.

The looseness is generally discerned in the layers of ovarian coât 
with the treatment of 0.01 % thiotepa for 10 minutes. The most severe 
pathological damage was occured inside of ovarioles. In addition to 
the normal cells, slightly deformed or completely degenerated cells 
have appeared (Fig. 4). There were some accumulated materials and 
vacuoles in the nuclei of slightly deformed cells. There were not any 
visible change in the fusome material and at the intercellular birdges. 
The plasma niembranes of some cells have disappeared in various 
piaces. Their flattened nuclei were pushed aside and their cytoplasm 
had a disintegrated part and some accumulated materials (Fig. 4, 5).
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Figüre 4. A longitudinal section of ovariole after the treatment with 0.01 % Thiotepa for 
10 minutes. Slightly deformed or compîetely degenerated cells are seen. 2 000 X
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Figüre 5. A flattened nucleus and a disintegrated cytoplasm of the germ celi after the treat-
ment with 0.01 0/

/o Thiotepa for 10 minutes. 7000 X
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Fven an amorphous structure with a surrounded membrane and a
dense çenter observed in the disintegrated cytoplasm of some celi 
(Fig. 6). The size of this amorphous structure may reach up to

i

C

Figüre 6. An amorphous structure within the degenerated cytoplasm of the germ celi after
the treatment with 0.01 Thiotepa for 10 minutes. 7 000 XO,' 

/o

7 [X. In the cytoplasm of some cells, some small vacuoles and a large 
sized structure surrounded with a membrane were seen. There were 
not empty place in the cytoplasm of these cells (Fig. 7). A dense region 
and numerous membranous structures at various size were observed 
in this large sized structure. At this concentration of Thiotepa the 
karyoplasm of the pedicel cells have shown disintegration as well 
(Fig. 8).

The more concentrated Thiotepa caused the more damage in 
the cells. The treatment of 0.1 % Thiotepa for 3 minutes has started 
the destruction of ovarian coats. The disintegration and the vacuoli
sation of the cytoplasm of the cells of the loose connective tissue inc-
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Figüre 7. The membranous structures with dense çenter in the cytoplasm of germ celi after 
the treatment with 0.01 % Thiotepa for 10 minutes. 7.000 X
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Figüre 8. The disintegration of karyoplasm of the pedicei after the treatment with 0.01 
Thiotepa for 10 minutes. 3 000 X
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reased and the intercellular spaces were v/idened (Fig. 9) . Ali the cells 
of ovarioles seemed to be afîected by Thiotepa (Fig. 10). The least
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Figüre 9. The disintegration and vacLiolisation in the cytoplasm of the loose connective 
tissue cells after the treatment with 0.1 % Thiotepa for 3 minutes. 5 000 X
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Figüre 10. The degeneration of the cells in the ovariole after the treatment with 0.1 % 
Thiotepa for 3 minutes. Some amorphous structures with dense çenter are seen. 3 000 X
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affected cells also displayed disintegration and accumulation to a
certain extent in various places. Cytoplasmic organelles were displaced 
by small vacuoles. Mitochondria have distributed ali över the celi 
instead of getting acumulated in untreated cells. But sometimes a 
few mitochondria have observed together (Fig. 11). Small vacuoles 
and small or large amorphous structures surrounded with a membrane 
have seen in the cytoplasm of some cells. These amorphous structures 
had a dense çenter and some vesicles. Some accumulated and granu- 
lated materials were observed in other cclls (See Fig. 10, 11).

When the solution of 0.1 % Thiotepa was applied for 10 minutes, 
the destruction of the ovarian structure has increased. In addition to 
the enlargement of the intercellular spaces in the loose connective
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Figüre 11. The degeneration of the cells in the ovariole after the treatment with 0.1 % 
Thiotepa for 3 minutes. Amorphous structures with a surrounded membrane and some 
vacuoles are seen. Some mitochondria are observed together. 3 000 X

tissue (Fig. 12), the dense connective tissue which wcre among the 
ovarioles showed a distinct looseness as well (Fig. 13). The cells sur- 
rounding tracheae and tracheoles are separated from their attached 
parts.
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Figüre 12. The loose connective tissue of ovarium after the treatment with 0.1 % Thiotepa 
for 10 minutes. The cnlargement of intercellular spaces are seen. 5 000 X
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Figüre 13. The looseness of dense connective tissue after the treatment with 0.1 % Thiotepa 
for 10 minutes. 7 000 X
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The cells of ovarioles displayed a complete degeneration. Some 
structures which are not known their origins have arised (Fig. 14).

##

Figüre 14 . Some structures with unknown origin in the ovariole after the treatment with 
0.1 % Thiotepa for 10 minutes. 10 000 X

The cytoplasm around the amorphous structure is completely disin
tegrated in some cells. The amorphous structure is round and homo- 
genous (Fig. 15).

DISGUSSION

When Thiotepa is applied to the A. ipsilon larvae, any malfor- 
mation could not be seen with naked eyes in the ovaries. Twenty-four 
hours is not a long period to see any shrinkage which vvould be prödu- 
ced after the Thiotepa treatments. ECONOMOPOULOS (1971) 
observed the shrinkage of ovaries after five days following Tretamin 
application in O. fasciatus. In A. ipsilon, since the size of ovaries is very 
small, 1-1.5 mm, such an effect is not possible to be observed with 
naked eye.
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Figüre 15. An amorphous structure in the celi of ovariole after the treatment with 0.1 
Thiotepa for 10 minutes. 10 000 X
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The effect of Thiotepa on the cells of A. ipsilon ovarioles are 
clearly seen by electron microscope. After the treatment of 0.01 % 
Thiotepa for 3 minutes, there is no effect on the ovarian coat. If the 
same dose is used for 10 minutes, it will,seen a general looseness in the 
ovarian coat. The ovarian coat shows a discernable destruction when

%0.1 Thiotepa is applied for 3 or 10 minutes. In the cytoplasm of 
the cells qf the loose and dense connective tissue, the increase of vacuoli
sation and the enlargement of intercellular spaces show the effects 
of Thiotepa. SAXENA and ADITYA (1969) pointed out that Ap- 
holate did not make any difference on the connective tissue of testes 
of Pcecilocerus pictus (Orth.). There is not any explanation about the 
effects of chemosterilants on the connective tissue of insect ovaries.

The cells in the ovarioles of A. ipsilon are affected by Thiotepa 
more or less, according to the concentration and to the period of
application. The degeneration of the cells increases as loîig as the 
dose.5 and the treatment period of Thiotepa increase. The degenera
tion of the cells shows itself as disintegration, accumulation, vacuoli
sation and formation of some amorphous or membranous structures 
surrounded with a membrane in cytoplasm or in nuclei.
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The effects of some chemosterilants on the ovarian tissue were 
studied especially in Diptera. In Musca domestica, LANDA and RE
ZABOVA (1965) reported that Ribozidin, Aminopterin, 6-Azauracil 
and Thiotepa caused destruction of nuclei of follicular epithelial cells 
and vacuolisation in the cytoplasm and production of some small 
pycnotic nuclei in the nurse cells and formation of big basophilic 
amorphous masses in the egg chambers. In M. domestica, KISSAM 
et al. (1967) showed that there v/as a yolk degeneration in the deve- 
loping oocyte and in the follicular cells, but there was no effect on the 
fully developed oocyte by the effects of Tretamin, Hydroxyurea and 
Methylmethane sulphonat. On the other hand, they pointed out 
that the increase in the treatment duration also increased the effects 
of chemosterilants. In M. domestica, WILSON and HAYS (1969) 
stated that the yolk degeneration in the oocyte occured after feeding 
the matures with p.p-bis (l-aziridinyl)-N"Methylphosphinic amİde
and p,p-bis (I-aziridinyl)-N-(3-Methoxypropyl) phosphinothioic 
amide. MORGAN (1967) also observed that vacuolisation, chro
matin accumulation and destruction of oocyte and nurse celi were 
seen when the females were fed on a nutrient containing 1-2 % Hempa. 
Similar effects were seen by the authors in A. ipsilon in this work. 
MORGAN (1967), also, showed that the egg in the first chamber in 
each ovariole developed, but there was not any development in the 
following chambers. In the ovary of Cochliomyia hominworax (Dipt.), 
CRYSTAL and LaCHANCE (1963) and LaCHANCE and LEVE- 
RICH (1968) pointed out that the most effective result was obtained 
during the endomitosis of nurse cells after the treatments of Thiotepa, 
Tretamin, Methyl tretamin, and a derivative of Benzoquinon.

In Thermobia domestica (Thysanura), LANDA and MATOLIN 
(1971) stated that Metepa caused the degeneration of young oocyte 
and degenerative pycnosis in the nuclei of profollicular cells. In Lo- 
custa migratoria (Orth.), NATH and SHEIKHER (1976) explained 
that a complete degeneration such as the abberation of chromatin, 
pycnosis of nuclei, formation of empty spaces in the cytoplasm were 
occured by the effect of Hempa. In Trichopliusia ni (Lep.), HEN
NEBERRY et al. (1972) showed that the egg development was in- 
hibited by the treatment of Tepa and Metepa, but the oocyte was 
not affected at the late developmental stage.

It is obvious that the effects of chemosterilants are seen especially 
during the oocyte development, and in addition to the developing 
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oocytes, the follicular epithelial cells and nurse cells are also affected 
severely. Generally, celi degeneration, as it was observed in A. ipsilon, 
is seen as the vacuolisation of nuclei and cytoplasm, disintegration or 
accumulation of chromatin in the germ cells.

Among the damages seen after Thiotepa application, the amorp
hous masses with a dense çenter and membranous structures have
not been encountered except that a study of LANDA and REZA-
BOVA (1965). The big basophilic masses in the cytoplasm that 
LANDA and REZABOVA mentioned in the mature M. domestica 
after the Thiotepa application, are similar structures to those of A. 
ipsilon. Similar structures were stated by GRIMSTONE et al. (1967) 
in the insect blood celi capsules and were called as cytolysomes. 
GRIMSTONE et al. explained that the large and small structures 
with a dense çenter were found in great number in the celi. These 
structures show acid phosphatase acrtivity and appear under the 
pathological conditions. NOVIKOFF (1960) observed these struc
tures in the cells of pathological liver and kidney that were undergone 
to cytolisis and since they were larger than normal lysosomes, he cal
led them cytolysomes. NAPOLITANO (1963) found similar struc
tures in the active brown adipose tissue in mice and claimed that 
these were not the signs of degeneration. These structures were not 
seen by the author in normal brown adipose tissue, but were seen in 
that of chilled animal under experimental conditions. PITT (1975) 
explained that cytolysomes were used as synonyms with autophagic 
vacuoles and secondary lysosomes. It is quite obvious that these struc
tures are the results of pathological situations and are formed in the 
cells of ovarioles ofter the Thiotepa treatment in A. ipsilon.

As a result, it is rather correct to say that Thiotepa causes a se
vere degeneration according to the conccntration and the treatment 
period of Thiotepa m the ovary of A. ipsilon larvae. It is certain that 
this degeneration would inhibit the egg production of insect.

ABBREVATIONS

A
Ak
As
C

: Amorphous structure
: Accumulation of karyoplasm
: Accumulated substance
: Cytoplasm
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Cm : Celi membrLine : Lipid
dc : Dense çenter Lct : Loose conneetive 

tissue
Dc
Det

: Disintegration of cytoplasm
: Dense conneetive tissue

: Membrane
Mi : Mitoehondria

Dk : Disintegration of karyoplasm Ms : Membraneot 
structure

Dem Disapperance of celi rhembrane 
Epithelial layer

AT : Nucleus
Nucleolus

FN
Gc
G1
Ib

Fusome ; Ovarian sheet
Flattened nucleus ; Tracheole
Germ celi : Trachea
Glycogen 
intercellular bridge 
Karyoplasm

Tp : Tunica propria
: Vacuole

L

M

E
F

K

Nu :
O 3

T

V
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