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A morphological study of the midgut dfutzomyia intermediathe primary vector of cutaneous
leishmaniasis, in southeast Brazil, was conducted by light, scanning and transmission electron micros-
copy. The midgut is formed by a layer of epithelium of columnar cells on a non-cellular basal lamina,
under which there is a musculature, which consists of circular and longitudinal muscular fibers. A
tracheolar network is observed surrounding and penetrating in the musculature. Females were exam-
ined 12, 24, 48, 72 h and 5 days following a blood meal and were analyzed comparatively by transmis-
sion electron microscopy with starved females. In starved females, the epithelium of both the anterior
and posterior sections of the midgut present whorl shaped rough endoplasmic reticulum. The posterior
section does not present well-developed cellular structures such as mitochondria. Observations per-
formed at 12, 24, 48 and 72 h after the blood meal showed morphological changes in the cellular
structures in this section, and the presence of the peritrophic matrix up to 48 h after the blood meal.
Digestion is almost complete and a few residues are detected in the lumen 72 h after blood feeding.
Finally, on the 5th day after the blood meal all cellular structures present the original feature resem-
bling that seen in starved sand flies. Morphometric data confirmed the morphological observations.
Mitochondria, nuclei and microvilli of midgut epithelial cells are different in starved and blood fed
females. The mitochondria present a similar profile in the epithelium of both the anterior and posterior
section ofthe midgut, with higher dimension in starved females. The cell microvilli in the posterior
section of the midgut of starved females are twice the size of those that had taken a blood meal. W
concluded that there are changes in the midgut cellular structuresinfermediaduring the digestion
of blood, which are in agreement with those described for other hematophagous diptera.
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Since the beginning of the century (Aragaaelated to the morphology of the midgut of female
1922)Lutzomyia (Nyssomyia)termedichas beem sand flies and the formation of peritrophic matrix,
considered as vector of cutaneous leishmaniaseme of them in specimens experimentally infected
due toLeishmania (Viannia) braziliensis south- by Leishmaniaspp. (Adler & Theodor 1926, Davis
east Brazil, according to ecological and experimert967, Gemetchu 1974, Molyneux et al. 1975, Rundin
tal studies (Forattini & Santos 1952, Forattini et al& Hecker 1982, Warburg et al. 1986, Walters et al.
1972, Forattini 1973, Rangel et al. 1984, 1990, 1992)987, Blackburn et al. 1988, Killick-Kendrick et al.

In order to improve our understanding of thel988, Walters et al. 1989a,b, Billigsley 1990, Elnaiem
Leishmania— sand fly vector interaction associ-etal. 1992, Walters et al. 1992, Walters 1993, Elnaiem
ated to the susceptibility of sand fly species to thetal. 1994).
parasite — or to elucidate some taxonomic aspects In this paper, we studied the fine structure of
of Leishmaniasome studies have been performethe epithelium of the midgut af. intermedia un-
der light, scanning and transmission electron mi-
croscopy. The morphological studies on the mid-

ut epithelium ofL. intermediafemales may be
seful for future investigations on the (V.)
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MATERIALS AND METHODS was done with a calibration grid replicate pattern
(Ted Pela, Inc. CAT# 603) and the following mor-
hometric parameters were evaluated: (a) area of

Claudio county, State of Espirito Santo, and reareQe object; (b) major axis, corresponding to the long-

: st line that can be drawn through the object; (c)

according to the method proposed by Rangel et a . : ;
(1985) in the insect breeding facility at the Leish"nor axis, corresponding to the Io.ngestlllne. that
can be drawn through the object while maintaining

maniasis Vector Laboratory, Entomology Depart; erpendicularity with the major axis. Profiles of the

ment, Oswaldo Cruz Institute-Fiocruz, Rio degﬂcrovilli mitochondria and nucleus were traced
Janeiro, Brazil. ’

. anually on the digitized images and the morpho-
Females which had been starved and othe% :
which were sampled, 12, 24, 48, 72 h and 5 day etric parameters calculated by the system.

after a blood meal were anesthetized with,@pt RESULTS

on ice and transferred individually to slides witha  ggp\- Fig. 1 shows the anterior and posterior

drop of saline solution; the digestive tract was dissections of the midgut df. intermediaand the
sected and the principal tomes of the digestive tuhggion where it connects to the hindgut, matching
were examined using scanning and transmissiQfjith the point of insertion of the Malpighian tu-
electron microscopy techniques. bules, at the beginning of which we see a thin sec-
Scanning electron microscof§EM) - Follow- tion of the hindgut called ileum or colon. We ob-

ing dissection, the digestive tracts of unfed femalegyred muscular layers, consisting of circular and
were fixed in 2.5% glutaraldehyde in 0.1M cacodyqngitudinal muscle fibers along the length of the
late buffer (pH 7.2) containing 3.5% sacarose, fo&igestive tube.

1 h at room temperature, washed three times in the
same buffer for 15 min each time, post-fixed in buff-
ered 1% osmium tetroxide (Angermiiller & Fahimi -
1982) for 1 h at room temperature, washed thr -x_*l
times in cacodylate buffer for 10 min each time P
Tracts were then dehydrated in acetone seri '
[7.5%, 15%, 30%, 50%, 70%, 90% and 100% (3x) f
10 min each time], critical point dried using Gi©
a Balzers apparatus. Sputtered samples were
served on a Zeiss DSM 940 SEM.
Transmission electron microscoffyEM) - The
midgut of starved and blood feed females were stu
ied. Immediately after dissection, the midgut wa
cut away from the rest of the digestive tract wit
the help of entomological stylets, separating it
the anterior section (at the level of the esophagu
and posterior section (at the level of the insertio
of the Malpighian tubules).
The procedure was the same as describ
above, dehydrated in acetone series and emb
ded in epoxy resin (Epon). Semi-thin (1 W) sectio
were obtained, stained with methylene blue a
basic fuchsin and observed under a Zeiss Axiopl
microscope. Ultrathin sections (50 to 80 nm thick
were collected in collodium coated copper grid
and contrasted in 5% uranyl acetate in total dar
ness for 20 to 30 min followed by staining in filtere
2% lead citrate (Reynolds 1963) for 5 min. Grid
were observed on a Zeiss EM-10 TEM.
Morphometric evaluation Midgut of the
unfed females and those sampled 12 h after a blo
meal were studied. Microphotographs of anterigfrig. 1: scanning electron microscope images of midgut re-
and posterior sections of the midgut were scanndipns of Lutzomyia intermedidemale after emergence:
. . - anterior midgut (AM), posterior midgut (PM), Malpighian
and measured using a KS 400 image analysis S¥ggjes (MT), hindgut (HG), circular muscle (CM) and lon-
tem (Kontron Eletronik). Magnification calibration gitudinal muscle (LM) (x 5,000)

Study sampleField specimens df. intermedia
were collected in the Pontdes District, Afons
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TEM - In unfed females, the inner part of the In the posterior section, the presence of the
midgut was lined with an epithelium consisting of geritrophic matrix completely surrounding the ali-
single continuous layer of columnar cells, genementary bolus is clearly noted. At this stage, a char-
ally with oval-shaped and quite evident nuclei (Figacteristic electron-lucid line surrounding the mi-
2). Immediately after it emerges, the apical region afrovilli throughout their entire length may be seen.
the epithelium in the anterior section of the midguHigher up, towards the lumen, we find a large line
which in L. intermediafemales displays parallel called the electron-lucid space. The mitochondria
microvilli, mitochondria throughout the cytoplasm,

a more or less central and rounded nucleus, and

clear basal labyrinths, inside which we found som e -_q‘-ﬂ.ﬁ— e AT LT | TS
mitochondria. Below this we found a thin, continu- &% "‘i&.ﬁ ¢ I B .‘
ous basal membrane. We also observed the pre 2 \

ence of the septate junction, which extends frors:,
the apical region until approximately the mediar =**
region of the cell (Fig. 3). The most striking charac;.g;}‘
teristic at this point is the presence of the whorle’
rough endoplasmatic reticulum (Figs 3, 4). Lipid .~ %
inclusions are observed in the apical region of th =+ =
cells, as well as vesicles containing non-electror#.* £
dense material, while the cytoplasm in the apicé"
region is more electron-dense than in the rest " .
the cell, and the amount of the whorled form 0.11:;'.*
rough endoplasmatic reticulum is considerably in‘
creased (Fig. 4). g

The posterior section of the midgut (Figs 5a, b&.
displays microvilli arranged in parallel and thes:
whorled form of rough endoplasmatic reticulum,g:
although in a smaller amount when compared t*
the anterior section. In the cytoplasm we observej;:
vacuoles with various contents, ranging from com::
pletely electron-dense to electron-lucid; the basi*
membrane has a continuous shape in some ares*
(Fig. 5a), while in others it is undulated (Fig. 5b). ==

12 hours after bloodmealThe whorled form
of the rough endoplasmatic reticulum in the epithe-
lial cells along the entire midgut was no longer obFig. 3: electron micrograph of a longitudinal section of the
served. The mitochondria, although dispersed ffte"o" midgut region of utzomyia intermedidemale,

. . after emergence showing the microvilli (Mv), nucleus (N),
other portions ofthe cyt_oplasm, a,re found in 9rouPsitochondria (M), zonula continua (Zc), basal labyrinth
close to the basal region. At this stage of bloobLB), basal lamina (BL), vacuoles (v), ribosomes (r). The

digestion, the basal labyrinth is made up of largesranular endoplasmic reticulum (ER) is, characteristic of
spaces (Fig. 6). the blood-starved sand fly, arranged in whorls (W) (x 3,000)

Fig. 2: longitudinal section of midgut region after emergencéutzomyia intermedidemale showing colunar cells (Cc),
nucleus (N) and Malpighian tubules (MT) (x 5,500)
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are located mainly in the apical region of the celf
The spaces in the basal labyrinth are clearly ef
panded. Lipid inclusions are seen in the basal r
gion. The rough endoplasmatic reticulum is n

T A

Fig. 6: electron micrograph of a longitudinal section of the
anterior midgut region oEutzomyia intermedidemale,

12 h after bloodmeal showing abundant mitochondria (M)
near the nucleus (N), basal labyrinth (BLB), basal lamina
(BL) and muscle (m) (x 2,100)

Fig. 4: electron icrograph of a transverse section of the
anterior midgut region of &utzomyia intermedidemale,

a‘;te(;ezmlec;g?”ce; microvilli (Mv), whorls (W), ribosomesp o rjed  and gives rise to dispersed elongated

branches. In the apical region, the continuous
zonule is extremely electron-dense, with numerous
profiles of microvilli (Fig. 7).

24 hours after bloodmealNumerous lipid in-
clusions in the cells of the anterior section of the
midgut were observed, occupying over half of the
cytoplasm, some of them displaying electron-dense
content at periphery (Fig. 8). At this stage, the pos-
terior section of the midgut has the space between
the microvilli filled with secretions and products of
blood digestion. We observed lipid inclusions with
a continuous electron-dense line on their surface.
This section also shows an abundant rough
endoplasmatic reticulum spread throughout the
cytoplasm and mitochondria right under the mi-
crovilli (Fig. 9).

48 hours after bloodmealThe epithelium an-
terior section shows cells from the non-whorled
rough endoplasmatic reticulum and mitochondria
distributed throughout the cytoplasm. Lipid inclu-
sions can also be observed. In the basal region,
immediately under the columnar cells, we observe
small cells with large, slightly oval nuclei, occupy-
ing nearly all of the cytoplasm (Fig. 10). In the pos-
terior section, the peritrophic matrix is present, gen-
_ : - ¢ erally with a wider electron-lucid space (Fig. 11b)
Flgs 5a, b: electron micrograph of a transverse section $fan 12 h after the bloodmeal. We observed a cell
the posterior midgut region oLutzomyia intermedide-  containing clear vacuoles spread around the cyto-
male, after emergence showing electron-lucent vacuolq§|asm and especially surrounding the nucleus,
(elv), microvilli (Mv). Not observed the basal labyrinth which is Iarge and rounded, with chromatin located

2(')1r(1j1iwgirgogeglons-() in the basal lamina (BL) (x 2,100 mainly on the periphery (Fig. 11a).
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72 hours after bloodmealThe epithelial cells
in the anterior section display clear vacuoles lo .« =
cated in the apical region, granules with slightly -
electron-dense content, and lipid inclusions. N = "~
basal labyrinths were seen (Fig. 12). In the lumen el-&-'.." :
the posterior section, we only observed residui
blood, and the peritrophic matrix no longer ap-

Fig. 9: electron micrograph of a transverse section of the
posterior midgut region ofutzomyia intermedidemale,

24 h after bloodmeal showing the peritrophic matrix (pem),
microvilli (Mv). Score electron-dense around the lipidics

inclusions (L), endoplasmic reticulum (ER) and nucleus (N)
(x 2,000)

posterior midgut region ofutzomyia intermedidemale,
12 h after bloodmeal showing the peritrophic matrix (pem)g s
ectoperitrophic space (eps), secretion of electron-lucigt::

components from microvilli (Mv), mitochondria (M), [
zonula continua (Zc), endoplasmic reticulum (ER), lipidicss

Fig. 10: electron micrograph of a transverse section of the
anterior midgut region oEutzomyia intermedidemale,

48 h after bloodmeal showing the lumen (Lu), microvilli
(Mv), mitochondria (M), zonula continua (Zc), numerous
endoplasmic reticulum (ER) everywhere the citoplasm,
lipidics inclusions (L) in the group near the labyrinths basais
(BLB), basal lamina (BL), muscle (m), regenerative cell
(Rc) and nucleus (N) (x 2,200)

peared. The nuclei were elongated and filled with
clumped chromatin. At this stage we observed an
extraordinary amount of mitochondria spread
throughout the cytoplasm (Fig. 13).

5 days after bloodmealThe epithelium dis-
Fig. 8: electron micrograph of a transverse section of thElayed the rough endoplasmatic reticulum with its
angterior midgut regio?] o?_utzomyia intermedidemale, p'c"’." whorlgd appearance, I.n some E.lreas of the
24 h after bloodmeal showing thecuoles (v), lipidic in- anterior section, as observed in sand flies right af-
clusions (L), muscle (m), basal labyrinth (BLB), microvilli ter emergence (Figs 4 and 14). The basal membrane
(Mv) and basal lamina (BL) (x 2,100) is undulated, and the basal labyrinths are clearly
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visible (Fig. 14). In the posterior section, the mi:
crovilli are arranged in parallel, with a large numbe -
of mitochondria and some lipid inclusions. Hugei'_':-;' G s
clear vacuoles and lipid inclusions are present p&‘ Ay
this time, and the basal labyrinths are quite evide, s "
(Fig. 15a, b). S

Morphometric evaluationTables | and Il sum-
marize the morphometric results for anterior an &= ¢
posterior sections of the midgut, respectively. Mif =550
crovilliin cells of the anterior section of the midgul'.,--:;\_.,.. -
in females, both unfed and after bloodmeal, showef g e = % :
that the major and minor axis are equal indicatin® = ; ﬂh-. 23
that this structure had a predominantely round a™ e :
pect. However, in fasting insects, the form facto.&:eg_-_ -
indicated a more circular appearance in this pha’ = i
than in 12 fed insects. The area of the microvilliar
the same in both cases.

[
-

Fig. 12: electron micrograph of a transverse section of the
anterior midgut region ofutzomyia intermedidemale,

72 h after bloodmeal. Lumem (Lu), many clean vacuoles
(v), granules (gr) near the microvillis (Mv), nucleus (N)
and basal lamina (BL) (x 2,200)

Fig. 13: electron micrograph of a longitudinal section of
the posterior midgut region dfutzomyia intermedide-
male, 72 h after bloodmeal showing, lumem (Lu) with
bloodmeal digestion residual, microvilli (Mv), mitochon-
dria (M), endoplasmic reticulum (ER) spread for all over
the cytoplasm, more nucleus (N) (x 3,800)

In cells of the posterior section, the major axis
of the microvilli in unfed insects is almost twice as
much as those after the bloodmeal. The form factor
Figs. 11a, b: electron micrograph of a longitudinal sections similar both in the anterior posterior sections of
?efng';ff‘e ngtﬁ”:frteTiglgzg;193;?nEg{theormSéiahiigtgf;”fedié the midgut, but with a slightly higher mean value in
more I:alrge, peritrophic memlbranep(pem?, elecriron-lucpiz)nfed .SpeCIm‘.anS: The area. of the m.ICI’OVIlll in the

posterior section is smaller in unfed insects after a

vaculoes (elv) around the nucleous (N) and basal lamin
(BL) (x 1,500) bloodmeal.
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Fig. 14: electron micrograph of a transverse section of t
anterior midgut region otutzomyia intermedidemale, 5 !
days after bloodmeal showing whorls (W) once again, un:
dulating basal lamina (BL), basal labyrinths in contact witl“g :
region of the cell apice, microvillis (Mv) and mitochondrias

(M) (x 2,800)

section (Table 1) of the midgut is similar under thes
two experimental conditions, although slightlyi _
larger in unfed insects (mean values); the form fa%-. 154 b: elect . h of a lonaitudinal secti
tor is circular in both cases. However, the majog;;gts,.,e o te b rqg mt'crog-rap dfota o tma Sg-c on

. N . - ! posterior miagut region utzomyia Intermedia
axis of the mitochondria is larger in unfed sand flieSemale, 5 days after bloodmeal showing microvilli (Mv),
This indicates that during fasting the mitochondriaegenerative cell (Rc), nucleus (N), mitochondria (M), lip-
in the epithelium of the anterior section are slightlydic inclusions (L) (x 1,900)
larger than in insects following a bloodmeal.

In the epithelium of the posterior section (Table
II) from unfed females, the mitochondria are ap- ) ) ) )
proximately twice large as those from females afte#inal musculature in the midgut. As for histologi-
a bloodmeal. In this investigation, this is true fo€al aspects, our observations of the midgut epithe-
both the major and minor axis in the mitochondridium in L. intermediaare compatible with those
The area of the mitochondria in this section, after described by other authors (Gemetchu 1974,
bloodmeal, is much smaller than in unfed specRomoser 1996) for both the anterior and posterior
mens. sections.

The area occupied by the cell nucleus in the The description of the midgut epithelium pro-
anterior (Table I) and posterior sections (Table Ilyided by Romoser (1996), based on TEM for fast-

of the midgut, after a bloodmeal, is larger than ithg hematophagous insects, showed that the api-
unfed specimens. cal end of the cell contains microvilli providing an

enormous surface area for absorbing material from
DISCUSSION the lumen. A mucopolysaccharide layer is adhered
In this study, we observed that the midgut.of to the surface of the plasma membrane, forming the
intermediadispled morphologically well-defined glucocalyx. Underneath the columnar cell layer,
sections under SEM analysis, with a tubular antelemarcating the epithelium, was the basal lamina,
rior section and a more clearly dilated posterior secrade up of a complex web of invaginations called
tion. Externally, we observed circular and longitubasal labyrinths which, like the microvilli, provides
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TABLE |
Morphometrical evaluation of anterior section of the midgut cellsitfomyia intermedia
Unfed 12h

Area Major axis Minor axis Area Major axis Minor axis

(ur?) (um) (um) (L)) (um) (um)
Microvilli 0.00-0.12 0.05-1.15 0.05-0.19 0.00-0.11 0.25-1.15 0.05-0.25
Mitochondria 0.01 - 0.33 0.15-1.15 0.13-0.63 0.00-0.23 0.20-0.88 0.13-0.43
Nucleus 3.16 Not determined Not determined 5.16 Not determined Not determined

Mean * SD 0.04 - 0.03 0.46 - 0.28 0.13-0.03 0.06 - 0.03 0.89-0.14 0.14-0.04
System KS 400 (Kontron Eletronik)

TABLE I
Morphometrical evaluation of posterior section of the midgut cellsizfomyia intermedia
Unfed 12 h

Area Major axis Minor axis Area Major axis Minor axis

(um?) (um) (um) () (um) (um)
Microvilli 0.00-0.21 0.00-1.70 0.06 - 0.23 0.00 - 0.07 0.05-0.95 0.02-0.19
Mitochondria 0.48 - 0.41 0.30-2.70 0.25-1.15 0.00 - 0.27 0.05-1.15 0.13-0.43
Nucleus 221 Not determined Not determined 3.83 Not determined Not determined
Mean = SD 0.48 0.99-0.54 0.61-0.22 0.08 - 0.05 0.46 - 0.19 0.24 - 0.07

System KS 400 (Kontron Eletronik)

a large surface across which materials can also het as evident as other organelles in the epithelial
transported. Mitochondria are found in some area=lls, suggesting that it is poorly developed close
of the cytoplasm, many of them associated witko the nucleus. However, some authors have re-
the basal labyrinths. The basal lamina may appeported the absence of the Golgi apparatus
granular or have distinct “lattice” type structures(Waterhouse & Wright 1960). The smooth
Laterally, in the apical half of the cell, we find anendoplasmatic reticulum was not observed in this
intercellular junction called the continuous zonulestudies as in other dipterans, but is not an easy
In the basal region, we found spaces demarcatstiucture to find (Bertram & Bird 1961, Priester 1971,
by their membranes, commonly called basal labyHecker et al. 1971, 1974, Hecker 1977, Gemetchu
rinths. Abundant rough endoplasmatic reticuluni974, Rudin & Hecker 1982, Billingsley 1990).
was generally seen, which was to be expected of a Bertram and Bird (1961) analyzed the fine struc-
cell with intensely active synthesis for export.  ture of the midgut under different physiological
Regenerative cells have been found at the basenditions inAedes aegypfemales and observed
of midgut epithelial cells in dipterans (Priester 1971that unfed females have a kind of coiled rough
Hecker 1977, Brown et al. 1985, Glattli et al. 1987endoplasmatic reticulum which they call “whorls”,
Billingsley 1990), actively secreting enzymes and@nd that after the bloodmeal this structure spread
absorbing alimentary material. When cells in th@round the cell cytoplasm and underwent clear
midgut lining die, the regenerative cells differenti-morphological changes as a result. The authors
ate, taking over all the cell activity. suggested that the rough endoplasmatic reticulum
We observed all the structures cited by Romosaenight be responsible for all the secretory and ab-
(1996), with no morphological differences accordsorptive functions ascribed to the midgut. It was
ing to the method employed, except for the “latalso in the 60s that Staubli et al. (1966) demonstrated
tice” type structures and the Golgi apparatus. Thigltrastructural differences in the posterior section
may have occurred because a proper techniquedbthe midgut inAedesand Anophelesjncluding
display them was not employed. However, the Golghe whorled shape of the rough endoplasmatic
apparatus has already been demonstrated in ttediculum in both the genera they investigated.
cells of other dipterans (Bertram & Bird 1961, Priester These studies oh. intermediaconfirmed the
1971, Hecker etal. 1971, 1974, 1977, Gemetchu 19f#esence of a rough endoplasmatic reticulum simi-
Rudin & Hecker 1982, Billingsley 1990). According lar to those previously described.
to Richards (1975) in his studies on the Golgi com- According to Hecker et al. (1971), recently
plex in hematophagous insects, this structure emergedie. aegyptiemales did not display differ-
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entiated organelles and structures in the cells ofetion of the peritrophic matrix and digestive en-
the posterior section of the midgut epithelium. Akzymes, in addition to being involved in the absorp-
this stage, various organelles including the rougtion, transport, and temporary storage of metabo-
endoplasmatic reticulum, mitochondria, and lysodites resulting from blood digestion by the mosqui-
omes are found in formation. Likewise, neither théoes.
microvilli nor the basal labyrinths (both of which ~ As observed by Hecket al (1971, 1974) and
play important roles in the absorption and trang-lecker (1977) ilAnophele@ndAedesspecies, in
port of substances) had reached their definitive forin. intermedia,the anterior section of the midgut
at this stage. Such precarious development in amay only serve as a region for passage of the
ganelles and structures of the epithelial cells in régsloodmeal, processing only sugar nutrients, leav-
cently emerged mosquitoes may explain their liming blood digestion exclusively to the posterior
ited appetite for blood in the first few hours of life,section.
as observed in various species (Consoli & Will-  Rudin and Hecker (1979), analyzing the func-
iams 1981, Porter 1986, Grossman & Lourenc¢dionality of the posterior section of the midgut in
Oliveira 1996). engorgedL. longipalpisfemales, concluded that
This may be why.. intermedigemales did not in the first 10 h of blood digestion, the rough
feed on blood immediately after emergence, eveandoplasmatic reticulum uncoils, the size of the
though it was observed that other cell structure§olgi zones increases, and the basal labyrinths ex-
such as the microvilli, mitochondria, and nuclei irpand, coinciding with the process of synthesis and
the anterior section of the midgut, were apparentlgecretion of the peritrophic matrix, esterases, and
well defined. However, in the posterior section, théipases. From 10 to 20 h after the bloodmeal, the cell
basal labyrinths and mitochondria are still not visstructures increase significantly, indicating intense
ible. Microvilli appear in both sections, arranged irsynthesis and secretory activity. After 20 to 30 h,
parallel, differently to that observed by Perfilievthe cell structures showed intense involvement of
(1928), who found microvilli only in the posterior synthesis and secretion, along with maximum pro-
section of the midgut ifPhlebotomus sergenti tease activity, increasing the surface area of the
Gemetchu (1974), analyzing the fine structure ahicrovilli. Prominent lipid inclusions and glycogen
the midgut inP. longipedemales, found microvilli deposits during this phase suggest an increase in
in both sections of the midgut. However, in theabsorption, storage, and transport. After 30 to 36
posterior section, the latter author only found thé, structures that had been responsible for synthe-
whorled rough endoplasmatic reticulum beginningis and secretion slowly changed their function and
four days after emergence. began to store and transport nutrients. Finally, af-
Studies on mosquitoes (Bertran & Bird 1961ter 36 to 72 h, the cell apparatus was reduced along
Stailibli et al. 1966 Hecker et al. 1971) suggest thatith the end of the digestive cycle. Lipid inclu-
cell structure development in the posterior sectiosions and glycogen deposits disappeared from the
occurs soon after birth, differently than in sangosterior region.
flies, as in the case &f longipesfemales. Like- The observations ib. intermediaare in agree-
wise, inL. intermediasome structures in the pos-ment with the above description, showing that the
terior section of the midgut were not well definedblood digestion process lasts for over 72 h and
soon after emergence, although a discrete whorleday reach 4 days. A completely clear lumen was
rough endoplasmatic reticulum could be observedbserved on the fifth day after the bloodmeal. How-
Hecker (1977) compared the anterior and postever, lipid inclusions were already observed in the
rior regions of the midgut in anopheline and culianterior section in the first few hours after birth,
cine females. In all the species investigated, th&iggesting high storage activity just prior to pu-
cell structure suggested that both sections of thmation, since pupae do not feed and the recently-
midgut performed synthesis, secretion, absorptioemerged insects were totally unfed.
and transport. In addition, the microvilli are more  The peritrophic matrix was seen 12 h after the
abundant in the epithelium of the anterior sectiorhloodmeal, surrounding the alimentary bolus and
with highly dense membranes of the endoplasmatjferforming its function of protecting the epithe-
reticulum and the basal labyrinth. The posteriolium. However, Gemetchu (1974) was only able to
section was characterized again as having modetect it inP. longipes24 h after the bloodmeal.
rough endoplasmatic reticulum and mitochondridwelve hours after the bloodmeal we observed the
than the anterior. Hecker states that absorption oficrovilli in the posterior section of the midgut with
solutions containing carbohydrates and formatioalectron-lucid profiles, with an electron-lucid space
of mucous type material occur in the anterior sediigher up, as observed by Walters (1993pin
tion of the midgut, and that the cells in the posteperniciosus suggesting that the digestive process
rior section are responsible for synthesis and se& beginning. Forty-eight hours after the bloodmeal,
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this electron-lucid band increased considerably, and Med Parasitol 82613-619.

72 h after the bloodmeal, its microvilli were totallyBrown WR, Raikhel AS, Lea AO 1985. Ultrastructure

visible and the peritrophic matrix was no longer of midgut endocrine cells in the adult mosquitedes

seen. aegypti Tissue _C_eII 17709-721. _
Morphometric analysis of some structures of°"sll RAGB, Williams P 1981. Aspects of the biol-

the midgut epithelial cells, indicated that the nu- (I\)/Iggs Oleg\?vcs)rigg’;ig;ed femalkedes fluviatilis.

clei, microvilli, and mitochondria are altered in thep,, d i

: . . vis NT 1967. Leishmaniasis in the Sudan Republic.
midgut epithelium of females after the bloodmeal. 28 Anatomical studies oRhlebotomus orientalis

Although mithocondria were larger in unfed in-  Parrot andP. papatasiScopoli (Diptera: Psychod-

sects, these organelas display similar profiles in idae).J M Entomo#: 50-65.

both fed and unfed flies. However, this conclusiorinaiem DA, Ward RD, Young PE 1994. Development

is limited to a certain extent by the fact that not all ~ of Leishmania chagagKinetoplastida: Trypanoso-

cross-sections analyzed presented nuclear profiles, Matidae) in the second blood-meal of its vector

which limited the sampling and thus the morpho-  Lutzomyia longipalpi{Diptera: Psychodidae).

metric analysis of these structures. In their studieéngi:ﬁsgzl Fve\;eafg.é#%lugn.g BE 1092, An Ultrastruc

on the midgut epithelium df. longipalpis,Rudin ! ' ' ad
: P tural stud th ly d | tefsh

and Hecker (1982) had already identified morpho- ra’ S ey on e eary fevelopment e simania

] -1\ y ¢ chagasi(Kinetoplastida: Trypanosomatidae) in its
metric variations in various cell structures of fe-  yector Lutzomyia longipalpigDiptera: Psychod-

males after the bloodmeal. Adinintermediatheir idae).Ann Parasitol Hum Comp 63-8.
experiments identified alterations in the nuclei, miForattini OP 1973 ntomologiaMédica 42 vol., Editora
tochondria, and microvilli. Bliicher Ltda., S&o Paulo, 658 pp.

Several morphometric studies have also bedrprattini OP, Santos MR dos 1952. Nota sobre infecgdo
performed on the midgut epithelium of Culicidae, ~nhatural dePhlebotomus intermediusutz & Neiva,
showing similarities in the morphological and di- 1912, por formas em leptomonas, em um foco de
mensional changes associated with the digestive SiShmaniose tegumentar americaRachos Hig

. Saude Publ7: 171-174.
process (Hecker 1977, Bauer etil77, Rudin & Forattini OP, Pattoli DBG, Rabello EX, Ferreira OA
Hecker 1979).

1972. Infeccao natural de flebotomineos em foco
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