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ABSTRACT 

  The present work deals with the histological studies of the midgut in 
non- irradiated 4-day-old potato tuber moth, Phthorimaea operculella and after 
the exposure of 5-day-old pupae to substerilizing and sterilizing doses 50 and 150 
Gy, respectively. Anatomically, the midgut was a wide straight tube, the proximal 
part was marked by the connection to the crop and the distal part was 
determined by the connection of the Malpighian tubules. The arrangement of the 
Malpighian tubules around the midgut  tube took a special pattern symmetrically 
on each side. Histologically, the midgut was subdivided into three main 
subdivisions, anterior, middle and posterior regions. The epithelial cells differed 
in shape and size according to the regions in the midgut. Exposure to gamma-
irradiation showed various forms of changes, there was direct relationship 
between the dose levels and the observed effects. At dose level 150 Gy, the effects 
were more advanced than those at 50 Gy dose level. The effects of radiation could 
be summarized as: appearance of vacuoles and vesicles in the cytoplasm, nuclei in 
some cells were pyknotic or karyolysed, reduction in the cell number, 
enlargement in nuclei, absence of regenerative cells from some parts and the 
epithelial cells suffered from hydropic degeneration.                                                                                           
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INTRODUCTION 
 

 The potato tuber worm, Phthorimaea operculella, Zeller (Gelechiidae), represents one of 
the most important insect pests in Egypt. It is one of the destructive pests of potato plants and 
tubers Solanum tuberosum L, in both field and storage .                                          .                                                          

 The histological study of midgut of many lepidopterous insects were studied and 
illustrated by  Smith et al.(1) on Ephestia kuhneilla, Rostom and Gad (2)on Pectinophora larva, Chi 
et al.(3) 0n Heliothis and Spodopters, Beals and Berberet(4) 0n Elasmopalpus lignosellus and  also 
recently by Ibrahim (5)and El- Naggar et al. (6)on Agrotis ipsilon . 

 Many authours showed that the epithelial cells were sensitive to gamma radiation. The 
damage of   the secretory cells and the peritrophic  membrane was shown in the larval midgut of  
Heliothis virescens (Vinson et al.)(7). Also, the destruction of regenerative cells and the vaculation 
of epithelial cells were observed in the midgut of Spodoptera littoralis ( Abdu and Souka(8) and  
Souka(9)) in Plodia interpunctella(Szezepanik and Ignatowicz)(10) and in Corcyra cephalonica 
(Boshra and Ahmed)(11) and in Agrotis ipsilon (Ibrahim(5) and El- Naggar et al.(6)). 

  The present work aims to determine the effects of both substerilizing and sterilizing 
gamma radiation doses on the midgut cells in female potato tuber moth. 

MATERIALS AND METHODS 



 The strain of the potato tuber moth, Ph. operculella was reared and maintained in the 
Entomological laboratory at the National Center for Radiation Research and Technology 
(NCRRT) according to Haiba(.12) 

  The strain of the potato tuber Solanum tuberosum L.,. was obtained from the Ministry of 
Agriculture and Egyptian Agricultural establishment.   

  Five days old female pupae were exposed to substerilizing and sterilizing doses of 
gamma-irradiation, 50 and 150 Gy, respectively according to Haiba(12). Adult unmated females 
four days post irradiation were studied. Non-irradiated insects were used as control for 
comparison. The radiation source used was a 220 gamma cell model (60 Co source) installed at 
NCRRT. The dose rate was 2.3 rad/sec. 

  Histological preparations for light microscopic studies, were prepared according to the 
method described by Disbrey and Rack(13).  
 
RESULTS AND DISCUSSION 
 
The Anatomical Structure of Normal Midgut: 
  The midgut of adult female is a wide straight tube which extends from the end of the 
foregut proximally to the initial part of the hindgut distally (Figure 1a). The proximal part of 
midgut is marked by the connection to the crop which is a lateral diverticulum along the right side 
of the midgut. The end of the midgut is determined by the connection of the Malpighin tubules. 
The Malpighian tubules are arranged around the midgut in a special pattern, symmetrically on 
each side (Figure  1b).  

Histology of Non-irradiated Midgut: 
  The examination of the serial histological sections of the midgut of 4-day-old female 
adult Ph. operculella showed that four different types of epithelial cells could be recognized in 
the midgut; columnar, very few regenerative cells, goblet cells and few endocrine cells. The 
morphological changes could be seen in these cells along the midgut as designated in Figures (2-
9). Accordingly the midgut is divided into three main regions; anterior, middle and posterior 
midgut regions. 

The anterior midgut: 
  The anterior region of the midgut is limited by a prominent stomodeal valve.The 
anatomical structure of the oespohageal invagination is mainly formed from an inner invagination 
of cells from the foregut which are surrounded by two ridges of cells. The histological structure 
of the oesphageal invagination is demonstrated in Figures (2-4). 

  Figures (2, 3) show the most anterior region of the midgut. The epithelial cells of the 
stomodeal valve appear elongated in shape having basal or central nuclei and are surrounded by a 
group of invaginated cells which form the main part of the oesophageal invagination (Figure 3). 
Whereas, the epithelial cells of the stomodeal valve in Figure(4) are pear-shaped internally and 
the nuclei didn’t show any changes ,except an increase in size. These cells appeared to rest on a 
basement membrane surrounded by a weak muscular layer.  

 



 

 

 

 

 Externally, or facing the midgut lumen, the cells appeared irregular in shape and having 
round or oval nuclei. The internal ridges of the anterior midgut are columnar cells which 
branched and extended radially in an irregular manner inside the lumen to form the final shape of 
the stomodeal valve (Figure 4). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 The epithelial cells of this region of the midgut are regular and columnar in shape with 
distinct boundaries. Each cell embodies round or oval shaped nucleus located in the central region 
of the cell. Goblet cells, usually pyramidal shaped, are interspersed among the columnar cells. 
Their cytoplasm was reduced, and the apical border of the cell surface invaginated to form a deep 
cavity (Figure 2).  

Figure (1): (a) Front view to the anatomy of midgut of non-iradiated adult female, Ph. operculella. 
                    (b)Side view to the anatomy of midgut of non-irradiated adult female, 

Ph. operculella, showing the arrangement of Malpighian tubules. 
Am Mg: Anterior middle midgut, A Mg: Anterior midgut, Fg: Foregut, 
Hg: Hindgut, Mt: Malpighian tubule, Mm Mg: Middle middle midgut, 
Pm Mg: Posterior middle midgut, P Mg: Posterior midgut. 

(a) (b) 



  Internally, few secretory extrusions are closely attached to the apical parts of the 
epithelial cells. Two muscle layers line the cells externally; the inner was circular muscle and 
outer are tiny bundles of longitudinal muscles. 

The middle midgut: 
  Figures (5-8) show the histological structure of the middle midgut region. This region of 
the midgut can be further subdivided into three main different parts: an anterior-middle-and 
posterior-middle midgut. This differentiation is based on the shape as well as the size of the 
component epithelial cells. 

  In the anterior-middle midgut, the epithelial cells lining it appeare irregular and seeme to 
be divided into several folds, lying perpendicular to the basement membrane. Figure (5) 
demonstrated that the columnar cells are irregularly elongated. These cells have distinct 
boundaries and their nuclei are oval or round in shape, situate nearly at the basal regions. Single 
regenerative cells are located at the base of the epithelial cells. 

  The epithelial cells of this part are lined with a very weak striated border which carry 
secretory extrusions with similar internal density closely attache to the apical membranes of these 
cells ;probably holocrine secretion (Figure 6). The cells are ensheathed by the muscularis which 
is made up of an inner circular layer and outer tiny bundles of  longitudinal muscles (Figure 5). 

  The middle-middle midgut is rather different histologically than the anterior part as 
designated in Figure (6). The epithelium is made up of regular columnar cells, which are smaller 
than the previous region. The cells have well defined cell boundaries, embodying round or oval 
nuclei ,situated in the middle region of in the cells. The cells are lined internally with well defined 
striated border (Figure 6).   

  Figure (7) shows the presence of goblet cell between the epithelial cells, and regenerative 
cells are scattered singly at the base of the cells. Also, an endocrine cell is clearly located between 
the epithelial cells. Two muscle layers bounde the cells externally; an inner circular muscle layer 
and an outer longitudinal muscle bundles (Figure 6). 

  In Figure(7) the apical secretory extrusion are observed in the gut lumen with dissimilar 
internal density attached either to the apical margin of the cells or extruded in the lumen 
(holocrine secretion). Ruptured epithelial cells with intact cytoplasm are also observed. 

  The epithelial cells lining the posterioe-middle midgut are columnar in shape and appeare 
bigger in size than those of the previous parts, with distinct cell boundaries. The nuclei of these 
cells are almost round in shape and were mostly located basely in the cells. The regenerative cells 
are found singly at the base of the columnar cells (Figure 8). 

  The apical margin of the cells had an ill defined striated border and secretory extrusions 
appeared in large numbers (holocrine secretion). Externally, the epithelial cells are encircled by a 
muscularis which is weakly developed consisting primarily of a layer of circular muscle layer 
overlaid by scattered bundles of longitudinal muscle fibers . 

The posterior midgut: 
  The posterior midgut is represented in Figure (9). This region of the gut is not subdivided 
internally into parts, the lining epithelial cells are elongated columnar in shape with prominent 
ridges projecting in the gut lumen and have distinct boundaries. Generally, these cells are broader 
basally and narrow apically . These cells have oval or round nuclei located in the middle regions. 



The regenerative cells and endocrine cells are scattered singly beneath the epithelial cells. The 
external surface is bounded by an inner circular muscle layer and outer bundles of longitudinal 
muscle fibers. Figure (9) show a number of large spherical secretory bodies and secretory 
extrusions in between the epithelial cells and ruptured from the apical margin of the cells. 

         

Figure (2-9) : Transverse sections from the midgut of non-irradiated 4-day-old adult female, Ph. 
operculella. Figures (2,3) most anterior region; (4) anterior region; (5) anterior-
middle part; (6) middle-middle part; (7) middle-middle part; (9) posterior-
middle part and (9) posterior region. Cm: Ciruclar muscle, Ep: Epithelial cell, 
Go: Goblet Cell, Lm: Longitudinal muscle, N: Nuclei, Rc: Regenerative Cell, 
Sv: Stomodaeal valve, MI: Muscle layer, Mt: Malpighian tubule, Lu: Lumen 
and Se: Secretory extrusion: En: Enocrine cell and Sb: Secretory body. 
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Smith et al.(1) stated that the three types of cells which had been identified in insect 
midgut epithelium were columnar epithelial cells, goblet cells and small basally located 
nidi. 

 Also, the middle region of the midgut could be further subdivided into three parts, which 
are clearly differentiated into; an anterior-middle, middle-middle and posterior-middle midgut. 
These parts were similar to that in the anterior-midgut, but the differentiation was based on the 
shape of the columnar cells, which showed irregular folded cells to regularly arranged cells 
(smaller in length and size). Also, the goblet cells, the endocrine cells and regenerative cells were 
mostly observed in the middle region. 
          Subdivision of the midgut in other insect species have been reported by various authors. 
Miyamoto(14) found only two regions in the midgut of eight species of aquatic Hemiptera. 
Ferreira et al.(15) stated that the larval midgut of Rhynchosciara americana was divided into four 
regions; proximal and distal anterior ventricular and proximal and distal (folded) posterior 
ventriculus. Also, Dimitriadis and Kastritsis(16) recognized subdivisions in the midgut larvae of 
Drosphila auraria into five regions; anterior midgut, anterior-middle-and posterior-middle 
midgut, and posterior midgut. 

         The periodic breakdown of the midgut epithelium of Ph.operculella observed in the 
present investigation could be considered the means of digestive secretion, this was common 
among other insects, e.g. Schizaphis graminum (Saxena and Chada)(17) and Blaps sulcata (El-
Zoheiry)(18). Moreover, in Laccoptrephes robustus, it had been observed that the secretion was 
exclusively holocrin in the sacular region of the midgut and by budding in the tubular middle and 
bulbous posterior regions of the midgut (Pakrutty and Mohamed,)(19). While the mode of 
secretion in Heliothis and Spodoptera appeared to be merocrine  (Chi et al)(3). 

         Wigglesworth(20) stated that no satisfactory explanation has been provided for the 
function of goblet cells. According to Chi et al.(3) the goblet cells and columnar cells might be 
considered the maturation phases of the same cell type. In the sequence, these authors described 
both goblet and columnar cells as involved in secretion of digestive enzymes. The midgut of 
plant eating lepidoptern and trichopteran insects were known to possess these goblet cells, which 
were believed to be mainly responsible for potassium transport (Flower and Filishe)(21). 

     Few regenerative cells were singly located at the base of the epithelium of female 
Ph. operculella. These cells form new cells to replace the detached columnar cells which 
were periodically shed during the process of digestion. Chi et al.(3) reported that the 
regenerative cells (or nidi) were ground together and located basally among the midgut 
epithelium, and usually had a group of closely, packed, small, spherical nuclei exhibiting 
sparse chromatin surrounded by a thin layer of clear cytoplasm in Heliothis and 
Spodoptera. 

         In Anthonomus grandis and Plodia interpunctella there were clusters (or 
groups) of nidi regenerative cells scattered along the basal portion of the midgut 
epithelium (Riemann and Flint(22) and Szczepanik and Ignatowicz(10)). 

           In accordance with the present results, Beals and Berberet(4) and 
Szczepanik and Ignatowicz(10) reported that the epithelium of the midgut was 
bounded by an inner circular muscle layer and outer bundles of longitudinal 



muscle in Elasmopalpus lignosellus and P. interpunctella, respectively. Similar 
results were observed by Ibrahim(5) and El-Naggar et al(6) on A. ipsilon.            

Effect of Gamma Irradiation on the Histology of Midgut: 
 
  Changes induced in the midgut of 4-day-old adult  female Ph. operculella by radiation 
are represented in Figures (10-21).  
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Figure (10-15): Transverse section from the midgut of 4-day-old adult female, Ph. 
operculella, exposed to substerilizing dose (50Gy). X: 1000.  

   Va: vacuole and V: vesicle. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The current investigation is mainly confined to study the effect of the two dose levels 50 and 150 
Gy on the histological aspects on the midgut cells of 4-day-old female Ph. operculella. The 
results following gamma-irradiation showed various forms of changes. According to the results, 
there was a direct relationship between dose level and the observed effect on midgut cells. At 150 
Gy, these effects were more extreme than at 50 Gy. The light microscopy showed that, at  the 
lower dose level 50 Gy (Figures,10-15) the appearance of vacuoles and vesicles increased in the 
cytoplasm, which became in some cells confluent masses. Nuclei in some cells were pyknotic or 
karyolysed, cytoplasmic extrusions in the apical margin of the cells increased and some of these 
cells exhibited degenerative changes. While ,at the higher dose level150 Gy(Figures,16-21), the 
reduction of cell number, enlargement in nuclei, absence of regenerative cells in some regions 
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Figure (16-21): Transverse section from the midgut of 4-day-old adult female, Ph. 
operculella, exposed to sterilizing dose (150 Gy), X: 1000. 



and appearance of large amounts of vacuoles and vesicles were obvserved. The epithelial cells 
also suffered from hydropic degeneration.. At  both dose levels (50 Gy, 150 Gy), the muscle 
layers appeared thicker than in non-irradiated insects. These results were in accordance with 
other authors;who showed that the destruction of secretory cells in the midgut epithelium of  
insects has been  listed as one of the major causes of death; in irradiated olive flies, Dacus oleae 
(Bacetti et al.)(23), and the Indian meal moth, P.interpunctella (Ashraf et al.)(24).  

          The partial shielding experiments by Reimann and Flint(22) on adult A.grandis, further 
substantiated the idea that damage to the midgut was the eventual cause of death in irradiated 
insects. They concluded that destruction of midgut regenerative cells led to the loss of the 
digestive epithelium, and this was the primary cause of death. 

          Studies reported by Vinson et al.(7) indicated that the larva of H.virescens, stopped 
feeding following irradiation and the midgut epithelial cells enlarged and later disintegrate. 
Similar observations were also noted in P. interpunctella (Ashraf et al.)(24) ,Tribilium confusum 
(Jafri and Ismail)(25)and Spodoptera littoralis ( Souka).(9)  

          Whereas, other authors marked that the epithelial tissue of the midgut of irradiated Dacus 
cucurbitae, shrivelled and collapsed, indicating that the digestive obstruction reduced                                 
the lifespan of treated insects( Odani et al.(26) and Sakurai et al.(27)). Similar results were reported 
by Boshra and Ahmed(11)  on Corcyra cephalanica, and Ibrahim(5) and El-Naggar et al.(6) on 
Agrotis ipsilon . 
  Finally, it could concluded that the exposure of 5- day old pupae of Ph. operculella with 
the sterilizing dose 150 Gy, caused severe effects of degeneration and deterioration in the 
epithelial cells of the midgut of the resulted female moth. These effects extended to digestion and 
absorption of food and development also. These results might be explain one of the reasons of the 
occurrence of the biological disturbance in sterilized female, previously reported by Haiba(12); the 
shortness in adult longevity and reduction in fecundity and fertility.  
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