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ABSTRACT 
     The pheromone gland of Agrotis ipsilon(Hufn.) untreated adult female is simple 
closed ring shaped where the glandular epithelium of the abdomen of abdominal 
fold between the 8th and 9th segment is slightly investigate inside the body cavity.  
The scent gland as a characteristic tuft of  modified scales or hairs which are thin 
and smooth covering the whole surface of the 9th of the abdominal segment in which 
the scent gland is located. 
     The histological study of gamma irradiated sex pheromone of the black cut 
worm female showed that: 
1. When 50 Gy was applied, the glandular epithelium began to be separated from 
each other, vacuoles where appeared among them. 
2. When 100 Gy was applied, the glandular epithelium began to be irregular in 
shape and some vacuoles were found, the cuticle was also ruptured in some parts. 
3. When 150Gy was applied, the glandular epithelium was irregular and vacuoles 
were obviously found. The cuticle appeared abnormal in some parts and oil drops 
were decreased. 
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INTRODUCTION 

 
      Hammad and Jarczyk  (1)  found that  in Prodenia litura (F.), the scent gland is in the form of 
tufts of modified scales with glandular epithelial cells at their base  covering  the  ninth  
abdominal  segment;  and  these epithelial cells were at maximum size and secretory activity 
during the first 2 days after emergence. Hammad (2) described the morphology and histology of 
scent glands of several noctuid moths, and noticed that the cuticle covering the epithelial cells 
lacks any type of pores. 
 
          Jefferson et al. (3)  declared  that  the  gland producing the female sex pheromone of 
Trichoplusia ni is an eversible sac of glandular epithelium situated dorsally in the intersegmental 
membrane between the eighth and ninth abdominal segments.  
 
          El-Sawaf et al (4) described the scent gland of the Egyptian cotton leaf worm moth P._litura 
(F.) and the pink bollworm moth Pectinophora gossypiella (Saunder.). They reported that it is 
composed of glandular epithelial cells covering the ninth abdominal segment in case of cotton 
leaf worm moth or lying on the intersegmental membrane between the eight and ninth abdominal 
segments in case of the pink bollworm moth. 
           Adeesan et al. (5) studied the sex pheromone gland in the potato tuber worm moth, 
Phthorimaea operculella (Zeiler). This structure, when removed and assayed, showed attraction 
to males, thus, establishing the source of the pheromone. 
      Percy et al.(6) noticed that the sex pheromone gland in  the  white-marked  tussock  moth,  
Orgyia  leucostigma (J.E.Smith) is a dorsally situated, crescent-shaped structure formed  by  



modification  of  the  epidermal  cells  in  the intersegmental  membrane  between  the  eighth  
and  ninth abdominal segments. 
      In Lepidoptera, the sexual sex scent organs of the female are typically on the abdomen close 
to the genital openings. According to Gotz (7) they originated from an intersegmental fold and are 
usually situated between the eighth and ninth segments. 
 
             Rojas et al. (8) stated that analysis of the last abdominal segments suggested that two types 
of structures are involved in the production and release of pheromonal components. The first 
involves intersegmental membranes. The second structures involved in pheromone production are 
the two lateral cuticular situated in the intersigmental membrane which invaginated at each side 
to form an almost spherical cavity of externally thick cuticle. 
 

 

MATERIALS AND METHODS 
         

Insect Rearing Technique: 
 
          The culture of the tested insect black cutworm, Agrotis ipsilon (Hufn.) was started by 
collecting healthy full grown larvae from an infested filed. These larvae were kept individually 
inside a glass tube with fresh castor oil plant leaves. Tubes were kept under laboratory condition 
of 25˚C and 60-70% R.H. just before pupation, tubes were provided with saw dust as pupating 
media and daily checked for collecting new formed pupae. Pupae were surface sterilized with 
formalin 10%, sexed and kept on moistened saw dust. Full grown pupa of each sex were 
transferred to adult emergence cages provided with small glass vial, with piece of cotton wool 
soaked with 10% sugar solution serving as adult’s food. Chimney glass cage (used as mating 
cage) lined and covered with toweling paper as oviposition site. The eggs were daily collected to 
start new culture. Hatching occurred in 3-5 days, and inside glass jars provided with fresh castor 
oil plant leaves. Green leaves were renewed daily in the early three instars. Fourth and fifth 
instars larvae were kept in low numbers to avoid cannibalism which always occurred under the 
state of crowding. 
 
Irradiation Technique: 
 
                   Full grown pupae of A. ipsilon (24-48 hours before emergency) were irradiated using 
a Gamma Cell (Cobalt 60 source) installed at the laboratory of Middle Eastern Regional 
Radioisotopes Center for the Arab Countries, Gizza (Egypt). The irradiation dosimeter applied 
was 5.84 rad./sec. at the end. Irradiation took place inside 100 cc. carton cups.  
 

 Experimental Procedures: 
 Parental generation  

         Newly emerged males or females resulting from the irradiated pupae were paired with their 
untreated opposite sex or with each other according to the following combination:- 
          1) Treated male    (TM)        ×     Untreated female   (UF) 
          2) Treated female (TF)         ×      Untreated male      (UM)      
          3) Untreated male (UM)        ×     Untreated female   (UF)   

 



          Each single pair was introduced into 750cc cylindrical carton cage internally lined with 
white cloth as oviposition site. Cages were supplied with 10% sugar solution and covered with 
tissue paper fixed in place with a rubber band. Deposited eggs in all treatment were daily 
collected, counted, recorded and kept to determine the rate of egg hatch. In all mating treatments, 
experimental time lasted for 7 days. Then each female was dissected to determine number of 
spermatophores in the bursa copulatrix and the presence of sperms in spermathecae, Flint and 
Kressin (9). 

 
First generation 

  
       To continue the F1 generation for male or female lines, newly hatched larvae resulting from   
irradiated full grown pupa at different substerilizing doses 50,100 and 150 Gy were kept in 
groups in glass jars provided with castor oil plant leaves. Four hundred larvae of the second instar 
of each treatment were transferred into plastic bowls furnished with a thin layer of saw dust to 
absorb the excess humidity. Rearing continued in the same way until the larvae reached the last 
instars. Full grown larvae were then transferred to plastic bowls containing moistened saw dust 
for pupation.  
 
       Newly formed pupae were daily collected, sexed and each sex kept separately in plastic 
containers containing moistened saw dust and covered as usual with muslin cloth. The effects on 
development and reproductive biological aspects were also studied among the two successive 
generations (P1and F1).The larval survival up to adult stage, development time and sex ratio were 
recorded. 
 

 Histology of pheromone producing glands in unirradiated and irradiated adult female. 

 
            An experiment was conducted to study the effect of sub sterilizing doses of gamma 
radiation on the histology of the sex pheromone gland. Full grown female pupae were irradiated 
with 50, 100 and 150 Gy. The newly emerged females of the first generation (F1) descendant of 
irradiated parental males and females. Twenty abdominal tips of emerged females (1-2 days old) 
at each radiation doses were separated and fixed for 24 to 48 hours in aqueous Bouin’s solution. 
Then, specimens were dehydrating through a series of upgraded ethanol dilution 50, 60, 70, 80, 
90, (each for 12 hours), 95% for five hours and absolute for 3 hours. The dehydrated specimens 
were washed twice in absolute ethanol, left in a mixture of ethanol and xyline for 30 minutes and 
then cleared in xyline for 30 minutes. The specimens were held in equal parts of xyline and 
paraffin wax (melting point 85c) in an oven at 60c, and then double embedded in pure melted 
paraffin at the same temperature, for 2 hours each, to remove clearing agents used before. They 
were finally embedded in paraffin blocks. Serial cross, longitudinal and oblique sections were cut 
at 4-6 u using a manual microtome. Ribbons obtained  
(40C) dewaxed, hydrate and stained with Caisson’s stain Gray (10). The stained sections were 
again dehydrated through the ascending series for 10 minutes each and then cleared in xyline 
before mounted in Canada balsam. The slides were kept in an oven at 40C for a week before 
being examined. 

 
RESULTS 

 
Histological Study on Sex Pheromone Gland 
Structure of sex pheromone gland in untreated female moth  
 
 



     The pheromone gland of A.ipsilon (Hufn.) adult female is simple closed ring shaped where the 
glandular epithelium of the abdominal fold between the 8th and 9th segment is slightly investigate 
inside the body cavity (Fig. 1 ) . The scent gland has a characteristic tuft of modified scales or 
hairs which are then and smooth, covering the whole surface of the 9th abdominal segment in 
which the scent gland is located (Fig.1 ). When abdomen of the female was gently pressed the 
telescoped terminal abdominal segments extended and a bulbous structure protruded in the dorsal 
intersgmental region between the 8th and 9th abdominal segments. Section on the female 
abdominal segments show that the epithelial cell lining the intersegmental membrane between the 
8th and 9th abdominal segments are obviously very large in size, much large than those of the 
other intersegmental membranes. The epithelial cells are investigated inside the body cavity 
forming closed ring shaped type. There are two groups of circular muscles at different position. 
The overlying cuticle is stained rogues, papillae and bears short spine. The glandular epithelium 
cell of 9th abdominal segment is more or less columnar or cubical. Their nuclei are large, 
spherical and located in variable position from the apical surface of the cells. Certain striation 
appears between the cells. The oil-like secretion droplet seemed to cover more than one cell, and 
at the same time penetrating the overlying cuticle             
  

 
                                                                                                  



              
 
 

Fig.(1) : Section of the 8th and 9th abdominal segment normal   female black cut worm 
showing:  

               C: cuticle     .Gl.: glandular epithelium  H: hair                    Sc: Secretory cell  
               (A) Longitudinal Section                         (B) Transvere section   
                                

Sex pheromone gland of female moth emerged from irradiated full-grown pupae. 

Female line 
      
       When full-grown pupae were irradiated with 50,100 and 150 Gy, the following histological 
changes could be observed in the sex pheromone gland of emerging female moth (Fig.2):  
 



        When 50 Gy was applied, the transverse section through sex pheromone gland of irradiated 
female showed that glandular epithelium began to be separated from each others vacuoles were 
appeared among them.  
 
        When 100 G was applied, the glandular epithelium began to be irregular in shape and some 
vacuoles were found the cuticle was also ruptured in some parts. 
 
         When 150 Gy was applied, the glandular epithelium was irregular and vacuoles were 
obviously found. The cuticle appeared abnormal in some parts and oil drops were decreased  

F1 Female Line 
 

         When 50 Gy was applied to P1 female sections in the sex pheromone gland of their 
daughters (F1 female), showed that the glandular epithelium was partially rupture and no vacuoles 

were appeared (Fig.3).The cuticle was not affected. 
 
         When 100 Gy was applied the glandular epithelium was irregular and some vacuoles were 
found. The cuticle was abnormal shape in some parts. And vacuoles were found. The cuticle was 
abnormal in shape. Sex pheromone gland of female moth resulted from P1 male adult previously 
irradiated as full grown pupa  
 
          When 50 Gy was applied to P1 males section in the sex pheromone gland of their daughters 
(F1 females), showed that the glandular epithelium began to be irregular and the cuticle appear 
abnormal in shape in some parts. 
 
            When 100 Gy was applied, the glandular epithelium was irregular and broken in some 
parts. Some vacuoles were found and cuticle appears abnormal in shape.  
 
             When 150 Gy was applied, the glandular epithelium lost its appearance completely. The 
cuticle was separated from each others in certain parts and shrinkage in other parts. 
 
F1 Male Line 
 
       When 50 Gy was applied to P1males, sections in the sex pheromone gland of their daughters 
(F1 females), showed that the glandular epithelium began to be irregular and the cuticle appeared 
abnormal in shape in some parts (Fig.4 a). 
 
        When 100 Gy was applied, the glandular epithelium was irregular and broken in some parts. 
Some vacules were found and cuticle appeared abnormal in shape (Fig. 4 b). 
 
         When 150 Gy was applied, the glandular epithelium lost its appearance completely and 
became undistinguished. The cuticle was separated from each other in certain parts and shrinked 
in other parts (Fig. 4 c) 
 

 

 



 
 
Fig.(2): Transverse Section of 8th and 9th abdominal    segment of moth female black cut 

worm   irradiated full grown pupae with 50, 100 and 150 Gy, showing(25X) 
             A: 50 Gy         B: 100 Gy           C:   150    Gy 

             Gl.R : glandular epithelium Rupture     Gl.I. : Glandular epithelium 
Irregular 

            Gl..sh : glandular epithelium shrink  H: Hair  Sc: Secretory    C: Cuticle   V : vacules        



           
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

   
 
   
              

 
Fig.(3): Transverse Section of 8th and 9th abdominal segment of moth female   

black cut worm resulted from P1 female previously irradiated as full 
grown female   pupae with 50, 100  and150(25X)     A: 50 Gy           B: 100 
Gy  C: 150  Gy  Gl.R : Glandular epithelium Rupture   Gl.I : Glandular 
epithelium Irregular  H: Hair    S:Secretory    C: Cuticle   V : vacules      



 
 
       Fig.(4): Transverse Section of 8th and 9th abdominal segment of moth female  
                      black cut worm resulted from P1 male previously irradiated as full  
                      grown male pupae with 50, 100 and 150 Gy (25X)  
                            A: 50 Gy          B: 100 Gy            C:   150    Gy 
 

Gl.R : Glandular epithelium Rupture        Gl.I : Glandular epithelium Irregular    
           H: Hair               S: Secretory          C: Cutcle                            V : Vacules        



 
DISCUSSION AND CONCLUSION 

 

Histology of female sex pheromone gland 
 
     The female sex pheromone gland of the black cut worm moth is situated in the ninth 
abdominal segment which is usually invaginated into the eighth segment particularly when the 
moth is at rest. This agrees with the findings of Hammad (2) The ninth segment housing the sex 
pheromone gland of the cotton leaf worm moth has a characteristic tuft of thin and smooth hairs 
covering the whole surface of the segment. In many other lepidoptera, however, female sex 
pheromone glands are located in the intersegmental membrane between the eighth and ninth 
segments. Gotz. (7) in most of Noctuidae and Hammad (2) Earias insulana and Radwan(11) in 
Plodia interpunctella. 
 
       Histologically, the epidermal or epithelial cells of the 9th abodlominal segment forming the 
female sex pheromone gland of S. littoralis are glanduair columnar or cuboidal. They have dark-
stained, large spherical nuclei which lie invariable positions from the apical surface of the cells. 
In other insects as in Borobyx mori, the glandular cells are epidermal cells, but not columnar and 
also differ from other species in having irregular nuclei Steinbrecht, (12). In P. interpunctella. the 
nuclei have different positions and lie in variable positions in adjacent cells El-Sayed, (13). While 
in the codling moth, C pomonella, they lie in a basic position near the basement membrane. 
White, et al.(14) in Diatrea saccharlis, Weatherston and Percy (15) in Vitul edmandsea and 
Roelofs(16) .  It  appears  in  the  form  of  villi  which effectively increase the surface area of the 
cytoplasmic membrane. Plasmatic outgrowths of the glandular epithelial cells having the same 
stain of the cell it self, penetrate the cuticle to the base of long hairs growing from the cells. These 
hairs being thinner towards the cuticle, allow larger spaces for the existance of pheromone 
secretion droplets which will then spread over the hair-surface for better evaporation. 
Pheromones may be filtered and penetrate through the thin cuticle and sooked over it and its 
hairs. During calling, the secretion evaporates and reaches the male.   
 
Effect of sub sterilizing doses on sex pheromone gland of P1 females 

       Pheromone production and perception by the black cut worm moth was considerably affected 
by gamma irradiation applied during the full grown male and female pupa with 50, 100, 150 Gy. 
Pheromone production in P1 female decreased with increasing doses more than Pheromone 
perception in P1 male. This coincides with Hendericks, (17) and Abdu et al. (18) who proved that 
male response of Tobacco budworm and rust - red flour beetle to sex pheromone was much more 
radiosensitive than pheromone production. 
 
       Abd-El Rahman et al (19) in cotton leaf worm, Spodoptera litoralis (boisd.) found that 
complete inhibition of pheromone production was reached at a dose of 350 Gy applied to full 
grown pupae. Also, Stimmann et al.(20) found that irradiated females of the cabbage looper, 
Trichoplusia ni, became less attractive to males as the radiation dose increased similarly. 
Hendricks (17) showed that females of the tobacco bud worm moth, Heliothis virescens  irradiated 
as 4th day pupae before eclosion have reduced attractiveness with a dose of 10 k rad; and 
considerably greater reduction with a dose of 50 k rad Abdu et al. (18)  found that production of  
sex pheromone by virgin females of the rust-red flour beetle, Tribolium  castaneum.  decreased  
with  the  increase  of radiation dose from 4 to 10 k rad; and a dose of 12 krad could almost 
inhibit pheromone production. The same authors (18) also found that irradiating 5 days old pupae 



of T. castaneum severely affected the sex pheromone production by the resulting adults. The 
effect was very much evident even at the  lowest radiation doses  (0.5-l k rad) .  An almost 
complete inhibition was reached at a radiation dose of 6 k rad. The present result also coincides 
with the finding by Haiba and El-Degwi (20) . El-Degwi (21) indicated that sex pheromone 
production by female beetles resulted from irradiated pupae of C. maculatus decreased as the 
irradiation dose increased. She concluded that the effect of gamma radiation on sex pheromone 
production is an important factor that can be recommended in the control programme of C. 
maculatus. The effect will be through preventing the two sexes from mating and reproduction. 
 
Effect of sub sterilizing doses on sex pheromone gland of F1 females 
 
       Histological damage of sex pheromone on the black cut worm female moth previously 
irradiated full grown male and female pupae with 50,100 and 150 Gy, increased with increasing 
doses on scent gland of female increased with increasing doses. Scent gland of female (F1 male 
and F1 female) was more effective than P1 female at all tested doses. Also the effect in female (F1 
male line) was more than female (F1 female line). Abd-El Rahman et al. (19) studied that the effect 
of gamma irradiation on scent gland development in Spodoptera littoralis when full grown pupae 
were irradiated with 120 Gy the glandular epithelial cells lost their peculiar shape and some 
vacuoles appeared between them. 
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