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ABSTRACT. The Malpighian tubules and rectum of the locust Poekilocerus bufoniu5 
were prepared for transmission electron microscopy (TEM). In both the Malpighian 
tubules and rectal epithelial cells, apical and basal modifications of the plasma 
membrane and mitochondria in between were demonstrated. Such arrangement may 
playa role in osmoregulatory function and increase surface area for reabsorption of 
water and recove ry of mineral constituents. This morphOlogical information would 
substantiate biochemical and physiological methods used to elucidate resorptive and 
excretory functions of these organs in P. bufonius feeding on a Calolropis procera 
and synthesize calotropin glucoside. 

The fine structure of Malpighian tubule cells of the grasshopper has been studied 
by Beams et al. (1955), Berkaloff (1958, 1959, 1960), Tsubo and Brandt (1962), 
Wiggelsworth and Salpeter (1962) and by Anstee (1977) and Charnley (1982). The 
rectum in Calliphora erythrocephala has been examined by Gupta and Berridge 
(1966) and Bacetti (1962). 

The present study deals with the fine structure of Malpighian tubules and the 
rectum of Poekilocerus bufonius in order to provide a basis for further 
histochemical and biochemical investigations. 

Materials and Methods 

Malpighian tubules and rectal tissues of 5 P. bufonius were dissected, fixed for 
TEM in 4% glutaraldehyde in O.lM sodium cacodylate buffer (pH 7.3) for 3 hrs 
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washed in cold buffered at 4°C, Postfixation was conducted for 2 hrs by immersing 
the tissues in ice cold 1% OS04 maintained at pH 7.3 with cacodylate buffer, 
dehydrated in acetone and embedded in Epon 812. 

Thick sections (1m!!) were stained with toluidine blue, whereas thin sections 
were stained with lead citrate and uranyl acetate for 30 min, prior to their 
examination with JeollOO ex TEM. 

Results 

Malpighian Tubules 

The Malpighian tubules of P. bufonius were observed in profiles after 
sectioning. The epithelial cells were simple cuboids containing round or oval nuclei 
with well distributed chromatin granules in the karyoplams (Fig. 1). The tubule 
epithelium rested on a basement membrane surrounded by connective tissue 
containing collagen fibrils, tracheoles (Fig. 4), nerve endings and infrequent 
muscle fibers . The apical portion of the Malpighian tubule cells had a striated 
border consisting of thin, long and regularly packed microvilli (Figs. 2 , 6 and 8) . 
The microvilli were of variable length and separated by small intervillous spaces 
equal to or greater than their own diameters. Mitochondria from the luminal cell 
cytoplasm could be seen extending into the lumen of the microvilli (Figs . 1,2 and 
8). Electron dense pinocytotic vesicles were observed in close contact with 
microvilli . Mitochondria were abundant and usually cylindrical in shape and few 
rounded profiles were encountered (Figs. 3,7 and 8). Internally, the mitochondria 
demonstrated few cristae and tubules in a matrix of moderate density (Figs . 3 and 
7) . The mitochondria were distributed throughout the cytoplasm with the 
exception of the basal and apical portion of the cells which showed a higher 
concentration of mitochondria and some appeared to be streaming through the 
microvilli (Figs. 2 and 8). The mid-part of the cell contained rounded nucleus (Figs. 
1 and 5), PER, free ribosomes and glycogen granules . The basal plasma membrane 
of Malpighian tubule cells demonstrated infoldings with mitochondria in between 
(Fig . 3) . 

Rectum 

The rectal epithelial cells were simple, cubiodal and covered with thick, 
colorless laminated cuticle (Figs. 8 and 14). The nuclei were oval to round, 
irregular in outline with large (heterochromatin) and fine (euochromatin) 
chromatin granules distributed in the nuclei with a very thin chromatin rim 
attached to the inner nuclear membrane (Figs . 9 and 14). The epithelial cytoplasm 
contained mitochondria and cisternae of rough endoplasmic recticulum (Figs . 11 
and 14). Many of the mitochondria were closely associated with the folded plasma 
membrane (Figs. 13 and 15). The apical plasma membrane was characterized by 
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extensive invaginations in the form of leaflets (Figs. 10 and 13) extending within 
the luminal part of the epithelial cells. Mitochondria were also seen between these 
invaginations. At the basal region of epithelial cells mitochondria were encoun­
tered associated with the invaginated basal plasma membrane. The mitochondria 
throughout the rectal epithelial cell are of moderate electron density and showed 
few cristae and tubules. A well defined basement membrane, collagen fibrils, 
striated muscles, tracheoles (Figs. 11 and 12), nerve endings and fibroblasts were 
found outside the epithelial cells. Close to the apical surface of the cells the lateral 
plasma membranes were firmly attached by a series of septate desmosomes (Figs. 
14 and 15) . In the luminal portion of some rectal epithelial cells, endocytoic 
vesicles were numerous near the cuticle (Fig. 16). 

Discussion 

In both the Malpighian tubules and rectal epithelial cells of P. bufonius, folded 
plasma membranes were found with mitochondria closely associated with those 
infoldings. Similar observations have been reported in the epithelial cells of 
Malpighian tubules in Calliphora erytherocephala (Berridge and Oschman 1969) , 
in Carausius morosus (Taylor 1971), in Periplaneta americana (Wall et al. 1975) , in 
Jamaicana flava (Peacock and Anstee (1977b) and in Locusta migratoria (Bell and 
Anstee 1977 and Charnley 1982). 

Infoldings of the rectal epithelial cells plasma membranes and the association 
of mitochondria with such membranes have been also recorded in other species 
such as Calliphora erytherocephala (Gupta and Berridge 1966, Berridge and Gupta 
1967, Oschman and Wall 1969) and Jamaicana flava (Peakcock and Anstee 
1977a) . ' 

Gupta and Berridge (1966) believed that such arrangements playa vital part in 
osmoregulatory function . Mitochondria from the luminal cytoplasm of the 
Malpighian tubule cells extending into the core of microvilli are essentially the 
same as described in other insects. The apical and basal elaborations of Malpighian 
tubules, the association between mitochondria and the membranes, and the 
extending of mitochondria into the core of microvilli indicate that these regions are 
of high energy demand. A number of functions have been assigned to the 
membrane elaborations, but many physiologists regard the geometry of the 
elaboration as being of particular significance in understanding the mechanism 
whereby fluid moves from haemolymph across the epithelial cells into the lumen of 
the tubule (Peakcock and Anstee 1977 a&b). According to Lehninger (1956), the 
most fundamental function of mitochondria are electron transport with its coupled 
phosphorylation and secretory activity . This involved the property of actively 
accumulating or secreting water, electrolytes and presumably other substances 



292 M. EJ Gohary , A. AJ-Robai and A . Assag 'af 

against a gradient. It is also suggested that the microvilli filaments could be derived 
from mitochondria. 

Based on results obtained in the present investigation, the rectal epithelial 
cells of P. bufonius showed profound inflections of the plasma membrane of the 
neighbouring cells at the area of contact between the cells, particularly the apical 
113 of the cell. The presence of septate desmosomes at the lateral plasma 
membranes of the rectal epithelial cells of P. bufonius may provide high resistance 
to intercellular movement of ions between the inside and outside the rectal 
epithelial cells and may facilitate lateral transfer of these ions and molecules from 
one cell to the next along the epithelium. 

The rectal cells of P. bufonius were characterized by extensive invaginations of 
the apical plasma membrane (Leaflets) extending into the body of the cell with a 
large number of mitochondria in between. This is contrary to the Malpighian 
tubule cells which demonstrated extensive microvilli projecting into the lumen and 
mitochondria streaming through these microvilli. The infolding of the plasma 
membrane may serve to increase the surface area of the cell(Pease 1956). The 
study by Phillips (1964a, 1964b and 1964c) on metal absorption in the desert 
Locust , Schistocerca gregaria, points out that the water is active absorbed from the 
lumen of the rectum against an osmotic gradient and in the absence of significant 
net flux of solute. Phillips (1964a) suggested the possibility of more rapid ion 
exchange across the epithelial membranes. The basal plasma membranes were 
infolded in both the Malpighian tubules and rectal epithelial cells of P. bufonius. 
Rhodin (1958) suggests that the laminated cytoplasm was necessary for resorptive 
processes possibly with the intercellular space serving as pathway for fluid 
resorption on the brush border. 

Berridge and Oschman (1972), Maddrell (1980) and Phillips (1980) have 
surveyed the physiology and ultrastructure of various transporting epithelial cells 
and pointed out how the local osmosis and standing gradient (Diamond and 
Bossert 1968) can help to explain the mechanism of fluid transport. A number of 
models have been proposed to explain ion and fluid secretion across epithelial cells 
(Berridge and Oschman 1969, Maddrell 1971, 1977 , and Phillips 1980, 1981) . 
Almost all the proposed models require the occurrence of active ion transport 
across the basal and apical cell membrane, and that K or Na + are transported into 
the lumen by apical electrogenic cation pumps (Anstee et al. 1979, 1986) . It is 
known that (Na + - K +) - ATPase is involved in translocation of Na + to the outside 
and K+ to the inside of the cell membrane . 

The Locust P. bufonius feeds and consume Calotropis procera , a plant which 
contains cardiac glycosides (Duffy 1980). These compounds are specific inhabitors 
of (Na+ - K+)-ATPase and according to a study by Anstee et aJ. (1986) 
concerning on (Na + - K +)-A TPase from Malpighian tubules of Locusta migratoria , 
an estimation of the total number of binding sites per cell is 1.15 x 107 

. The study of 
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Vaughon and Jungreis (1977) and Jungries and Voughan (1977) found that the 
neuronal-(Na+-K+)-ATPases of the milkweed - feeding monarch, Danaus 
pJexippus are 300 times less sensitive than those of Manduca sexta and Hyaphora 
acropia, neither of which feed on cardiac glycoside containing plants. It has been 
found that the isolated Malpighian tubules of Zonocerus variegatus, a species that 
feeds on toxic plants and sequesters toxins, excreted cardiac glycosides more 
efficiently than those of Locusta migratoria, which does not feed on toxic plants. 
(Rafaeli-Bernstein and Mordue 1978). In this connection the characterization of 
(Na + - K+)-ATPase of P. bufonius is under consideration. 
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Fig. 1. 	 Malpighian tubule ce ll of P. bufonius. The border of microvilli (Mv) is well developed within 
which mitochondria are present. Mitochondria (m) are abundant in the apical cytoplasm. 
Nucle us is rounded (N) with chromatin granules widely dis tributed. Secretory vesicle (Sv. 
arrow) are demonstrated associated with the microvilli in the lumen; X 5,890. 
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Fig. 2. 	Apica l surface of Malpighian tubule cells. Note the long cylindrical microvilli (Mv) on the 
lumina l surface and mitocho ndria (m) strea ming through the microvilli . Glycogen granules 
(arrow), Vesicular elements (V) are demonst rated in the lumen (L) ; X 14,684. 
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Fig. 3. Basal area of Malpighian tubule cells. The basal membrane (Pm) is infolded in association with 
mitrochondria (M); X 24.749. 
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Fig, 4. Malpighian tubule cells showing concentration of bra nched mitochondria a t the basal portion of 
the ce ll. Small tracheoles (Tr) are demonstrated in the peritubular tissue. X 9,750 . 
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Fig. S. Low power electron micrograph of Malpighian tubule cell . Round nucleus (N) , mitochondria in 
different profiles , apically streaming into the microvilli (Mv); X 9,750 . 
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Fig. 6. Malpighian tubule cells with abundant microvilli (Mv) projecting into the lumen (L), The 
electron dense structures in the cytoplasm a nd microvilli are mitochondria; X 9.750, 
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Fig. 7. Basal portion of Malpighian tubule showing mitochondria (m) in association with plasma 
membrane infoldings (arrow) ; X 24,749. 
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Fig, 8. High power electron micrograph of apical portion of Malpighian tubule ce ll. Nucleus (N) and 
mictochondria (m) entering the microvilli (Mv) are shown; X 19,560. 



303 UhraSlrUClUre of Malpighia n Tubules and .. 

Fig. 9. Rectal e pithelial ce ll s (Rc) of P. bufoniu5 covered with laminated cuticle (Cu) , pe ritubular tissue 
(Pt ) containing fi brils and tracheoles (a rrow); X 9,750 . 
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Fig. 10. Luminal portion of rectal cells with infolded plasma membrane (leaflet) structures (Le) 
covered by cuticle (eu); X 14 ,684. 
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Fig. 11. Basal portion of rectal epithelial cells containing nucleus (N) , mitochondria (M), peritubular 
collagen fibrils (Co) and peritubular cells (Pc) containing elongated nuclei (N); X 1'4,684. 
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Fig, 12. Muscles (Mu) , tracheole (Tr) in the peritubular tissue of rectal epithelial ce lls (Rc) of p, 
bufonius; X 7,589 , 
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Fig. 13. 	 Electron micrograph of rectal epithelium of P. bufoniu5. The luminal portion of the cells in the 
form of leaflets (Le) covered with cuticle (eu). The cytoplasm contains mitochondria (M), 
smooth vesicles (V) and basal plasma membrane infoJdings (arrow) ; X 24,749. 
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Fig. 14. 	 Rectal epithelial cells of P. bufonius covered with thick laminated layer of cuticle (Cu). 
Epithelial cells rest on a basement membrane (arrow) . The basal plasma membrane and apical 
plasma membranes are infolded (arrows) . The adjoining plasma membrane are closely 
opposed benath the border and attched by septate desmosomes (SO) . In the cytoplasm, the 
Nucleus (N) , rough endoplasmic recticulum (RER) , mitochondria (M) , electron dense 
granules (g), tubular structures (t), tracheoles (T r) are demonstrated in the peritubular tissue ; 
X 24 ,749. 
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Fig. 15. 	 Basal area of rectal epithelial cells, nucleus with double nuclear membrane (N), heterochroma­
tin and euochromatin, (Hc), mitochondria (M) in association with the basal infolded plasma 
membrane (arrow), Peritubular cell (Pc); 14,684. 
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Fig, 16. Electron micrograph of rectal epithelial cells , cuticle (Cu), pinocytotic vesicles (Pv), vacuole 
(V), nucleus (N), electron dense granule (arrow), mitochindria (M), ribosomes; X 24 ,749. 
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