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ABSTRACT

Larval midgut and peritrophic matrix (PM) of Culex pipiens were investigated by
light and electron microscope. Foregut and anterior midgut together form the
special folding area called cardia. Cardia and gastric caeca are located in the
thorax. Abdominal midgut follows the gastric caeca and lies between the first and
the fifth abdominal segments. The luminal surfaces of the structures mentioned
above are lined by single layered epithelial cells. However, the cell sizes and
staining properties exhibit differences. The epithelial cells of the anterior midgut
which are located in the cardia, produce PM. It surrounds the food bolus and lies
to the end of the fifth abdominal segment. Golgi canals of midgut epithelial cells
are upright to the apical membrane of the cell and the cellular organelles are
seldom in peripheral cytoplasm. Electron-dense granular and electron-lucent
microfibrillated layers are seen in the electron micrograph of PM. The thick
microfibrillated layer is separated into three regions by electron dense bilayer
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CULEX PIPIENS (DIPTERA: CULICIDAE)’IN SON EVRE

YAPISI

OZET

Culex pipens’in larval ortabagirsagi ve peritrofik matriks (PM)’i 151k ve elektron
mikroskobuyla incelenmistir. Onbagirsak ve anteriér ortabagirsak birlikte, kardiya
olarak isimlendirilen 6zel bir katlanma bolgesi olustururlar. Kardiya ve gastrik
¢ekumlar toraksta bulunur. Gastrik ¢gekumlardan sonra, birinci ve besinci abdomen
segmentleri arasinda uzanan abdominal ortabagirsak gelir. Yukarida sozii edilen
yapilarin limene bakan taraflari tek tabakali epitelle doselidir. Ancak, hiicresel
biiyiikliikleri ve boyanma &zellikleri farklilik gostermektedir. Kardiyada yer alan
anteridr ortabagirsak hiicreleri PM’i salgilar. PM, besin kitlesini ¢epecevre sarar
ve besinci abdomen segmentinin sonuna kadar uzanir. Ortabagirsak epitel
hiicrelerindeki Golgi kanallart hiicrenin apikal zarina diktir ve periferal
sitoplazmada hiicresel organeller azdir. PM’nin elektron mikrograflarinda
elektronca yogun graniiler ve elektronca az yogun mikrofibrilli tabakalar goriiliir.
Kalin olan mikrofibrilli tabaka ise elektronca yogun iki tabaka tarafindan ii¢
bolgeye ayrilir.

Anahtar Kelimeler: Ortabagirsak, Peritrofik matriks, Culex pipiens, Larva,
Sivrisinek

LARVALARINDA ORTABAGIRSAK VE PERITROFiK MATRIKSIN

1. GIRIS

Sivrisinek larvalarinda sindirim sistemi; agizla baslayip,
farinks, 6zofagus, onbagirsak, ortabagirsak, ileum, kolon
ve rektuma kadar devam eden diiz bir boru seklindedir.
Ortabagirsagin anterior kismindan hemen sonra, gastrik
cekum olarak isimlendirilen kese yapilar1 yer alir. On ve
ortabagirsak duvarlar1 tek sirali epitel hicreleriyle

1. INTRODUCTION

The alimentary canal of mosquito larvae has been
described by various authors. Passing backwards, the canal
consists of preoral cavity, mouth, pharynx, oesophagus,
foregut, midgut, ileum, colon and rectum. The pharynx,
oesophagus and proventriculus (in part) collectively form
the foregut (1). The proventriculus of mosquito larvae is
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doselidir (1,2).

Bocek bagirsagindaki hiicresel olmayan ve besini
¢epecevre saran zarimsl yapiya peritrofik membran veya
peritrofik ~ matriks  (PM)  denmektedir  (2-10).
Sivrisineklerde ve genel olarak bdceklerde PM, olusum
sekline gore iki tiptir. Ergin sivrisinekteki Tip 1 PM, besin
alinmasinin  ardindan  biitlin  ortabagirsak hiicreleri
tarafindan olusturulur. Bazi bocek tiirleriyle birlikte
sivrisinek larvalarinda da goézlenen Tip 2 PM ise
ortabagirsagin anterioriinde, kardiya adi verilen 6zel bir
bolgedeki epitel hiicreleri tarafindan salgilanir ve bagirsak
boyunca geriye dogru itilir. Larva besin alsin ya da
almasin Tip 2 PM siirekli vardir (2,6,7,9,10).

Besin ve ortabagirsak epiteli arasinda yer alan ve segici
gecirgen Ozellige sahip olan PM, koruyucu kiitikula

tabakast bulunmayan ortabagirsak epitelini, besinin
mekanik etkisinden ve patojenlerin olast
enfeksiyonlarindan  korur (3,4,7,9-12). Ayrica PM

ortabagirsak liimenini fizyolojik olarak farkli bolgelere
ayirir. Besinle PM arasinda kalan alana endoperitrofik
saha, PM ile ortabagirsak hiicreleri arasinda kalan alana
ise ektoperitrofik saha adi verilir (6,7,11). PM, kitin
tastyan mikrofibrillerin  olusturdugu agst  yapinn,
karbonhidrat ve proteinlerden olusmus bir matrikse
gomiilmesiyle sekillenir (3,7-10).

Yurdumuzda yaygin olan Culex cinsi sivrisineklerin
(13) erginleri fil hastaligma (Elephantiasis) neden olan
Wuchereria bancrofti’nin en 6nemli vektoriidiir (14-17).
Sivrisineklerle savasimin larval dénemlerde yapilmasi
daha etkili, ekonomik ve pratik bir yoldur. Sivrisinek
larvalarinin ortabagirsagr ve Ozellikle PM, disaridan
besinle birlikte alinabilecek olasi patojenlerin ve larva
miicadelesinde kullanilan biyolojik larvisitlerin dogrudan
kars1 karsiya geldigi yerdir. Patojenlerin ve biyolojik
larvisitlerin etki mekanizmalarmin anlagilmasi igin larval
ortabagirsak ile PM’in histolojik ve sitolojik yapisinin iyi
bilinmesi gerekir. Bu nedenlerle ¢alismanin amaci, Culex
pipiens’in larval 6n ve ortabagirsagi ile larvanin bagisiklik
sisteminde dnemli bir yer tutan PM’in, histolojik ve ince
yapisinin aragtirilmasidir.

2. MATERYAL ve METOT
2.1. Larvalarin Yetistirilmesi

Calisma materyali C. pipiens’in son evre (dordiincii
evre) larvalandir. Dogal ortamdan toplanan C. pipiens
yumurtalari, dinlendirilmis igme suyu bulunan uygun cam
kaplara konularak embriyonik gelisimleri saglanmustir.
Yirmidort saatten sonra agilmaya baglayan yumurtalardan
cikan larvalar, ilk evrelerinden itibaren akvaryum balik
yemi ile beslenmistir. Larvalarin icinde bulunduklar
ortam sular1  her giin besin verilmeden &nce
degistirilmistir. Larvalar 27+2°C sicaklik, 14 saat
aydinlik-10 saat karanlik periyodu ve %30-40 orantili
nemdeki  laboratuvar  ortaminda  yetistirilmislerdir.
Dérdiincii evreye gelen larvalar amaca uygun olarak
histolojik ve sitolojik incelemeler igin ayrilmstir.

located in the thorax, and is formed by protrusion of the
foregut into the anterior end of the midgut (2).
Immediately beyond the proventriculus is the portion of
midgut from which the balloon-like diverticula or gastric
caeca arise (1). The wall of the foregut and midgut are
lined by simple squamous epithelial cells (1, 2).

Membranous, noncellular and nonliving material that
surrounds the food in the insect gut is called the
Peritrophic membrane or Peritrophic matrix (PM).
Traditionally insect PMs are categorized as type 1 and
type 2 according to their method of formation (2-10). A
type 1 PM is delaminated from the entire midgut
epithelium and, in some cases, may only be formed in
response to feeding and the type of meal ingested. A type
2 PM is produced by a specialized region of the anterior
midgut called the cardia and forms a continuous sleeve
that is always present (2, 6, 7, 9, 10).

The PM may protect the midgut epithelium from
mechanical damage of food and insult from pathogens,
toxins, and other damaging substances (3, 4, 7, 9-12). The
PM acts as a semipermeable membrane and separates the
midgut lumen into two different regions. The first region
which is located between the food bolus and PM is called
endoperitrophic space and the second region which located
between PM and the midgut cells, is called ectoperitrophic
space (6, 7, 11). The PM is formed of a mixture of
proteins, glycoproteins and proteoglycans (3, 7-10).

Culex pipens which cause elephantiasis are widely
spread in Turkey (13-17). Combating mosquitoes in the
larval period is more effective, economical and practical.
The midgut of larval mosquitoes and especially PM is the
first place that contacts pathogens and biological larvicide.
Histological and cytological structure of larval midgut and
PM must be well known for understanding the mode of
action of pathogens and biological larvicide. The purpose
of the study is the investigation of the histological and fine
structure of larval foregut, midgut and PM which is
important in the immune response of insects.

2. MATERIALS and METHODS
2.1. Rearing the Larvae

Studying material is the last instar (fourth instar) larvae
of Culex pipiens. Eggs were collected from their natural
habitats. Embryonic development was completed in
laboratory conditions. Larvae hatched about in one or two
days. They were fed with commercial aquarium fish food.
All larvae were reared in a 14hr light-10hr dark cycle at
30-40 % relative humidity and 27+2 °C. The fourth instar
larvae were divided into two groups for histological and
cytological observations.
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2.2. Histolojik incelemeler

Stok kiiltirden aliman dordiincii evre larvalarin baglari
kesilip uzaklastirildiktan sonra toraks ve abdomen
kisimlari total olarak Sainte-Marie tespit sivisinda (18) bir
gece boyunca +4°C’de tespite birakilmistir. Tespit
isleminin ardindan Ornekler alkol, ksilol ve parafin
serilerinden gegcirilip parafine gomiilmiistiir. Mikrotomla
alman 5 pm’lik kesitler hematoksilen-eosin (H-E) ile
boyanarak 151k mikroskobunda incelenmistir.

2.3. Sitolojik incelemeler

Dérdiinci  evre larvalar  dissekte edilerek
ortabagirsaklari gikarilmistir. Ornekler 0.025 M sukroz
(19) igeren Karnovsky (20) tespit sivisinda +4°C’de bir
gece bekletildikten sonra, fosfat tamponla hazirlanan
%1°lik OsO, ile +4°C’de 90 dakika siire ile ikinci tespiti
(21) yapilmistir. Daha sonra etil alkol, toluol ve epon
serilerinden gecirilerek Epon 812’ye gOmiilmiistiir.
Ultramikrotomla alinan 0.5-1 pm kalinhgindaki kesitler
toluidin blue ile boyanarak 151k mikroskobunda
incelenmistir. Gridlere alinan ince kesitler ise uranil asetat
ve kursun sitrat (UA-KS) (22) ile boyanarak Jeol 100 C
transmisyon elektron mikroskobunda incelenmis ve
mikrograflar alinmistir.

3. BULGULAR
3.1. On ve Ortabagirsagin Histolojisi ile
Peritrofik Matriks’in Yapisi

Dordiinci  evre C. pipiens larvalarmin  boyuna
kesitlerinde, toraks bdolgesinde sirasiyla  posterior
6zofagus, dnbagirsak ve anterior ortabagirsagin bir araya
gelerek olusturdugu 6zel katlanma bolgeleri ve bu
katlanma bolgelerini takip eden gastrik ¢ekumlar
gozlenmektedir. Gastrik ¢ekumlardan sonra diizgiin sirali
ortabagirsak hiicreleri abdomen segmentleri boyunca
devam etmektedir (Sekil 1a).

Orta bagirsaga dogru sokulan posterior 6zofagus bir
siire diiz bir sekilde devam ettikten sonra 180° lik doniis
yaparak I. katlanmayr meydana getirir. 1. katlanma
bolgesinin en u¢ kisminda kiitikulanin yogun oldugu
yarim halka seklinde bir yap1 yer alir. Buraya kadar olan
bolgenin i¢i, tiizeri kiitikula ile kapli yass1 epitel
hiicreleriyle doselidir. Bu yapidan sonraki epitel hiicre
sirasinin  yiiksekligi  artarak  Onbagirsak  hiicrelerini
olusturur. Onbagirsak hiicreleri 20-25 hiicrelik bir sira
olusturduktan sonra II. katlanma bolgesinde 180° lik bir
doniis daha yapar ve 4-5 hiicre sonra H-E ile koyu
boyanan anteridr ortabagirsak epitel hiicre sirast baglar.
Anteridr ortabagirsak epitel hiicreleri ise 15-20 hiicrelik
bir sira olusturduktan sonra gastrik ¢ekumlar1 olusturmak
iizere bir yay cizer (Sekil 1b).

Posterior 6zofagusun yassi tek sirali epitel hiicrelerinin
ylizeyinde mikrovillus bulunmaz, onun yerine kiitikula
tabakas1 vardir. Birinci. katlanma bolgesinde, posterior
6zofagus hiicreleri ile Onbagirsak hiicreleri arasinda
gelismekte olan kas demetleri ve genis bosluklar halinde
kan siniisleri gozlenmektedir. Tek sirali epitelden olusan
onbagirsak hiicreleri II. katlanma bdlgesine dogru
gidildikge  kiibikten-prizmatige dogru degisen bir
yiikseklik farki gosterirler. Anteridr ortabagirsak hiicreleri
ise belirgin mikrovilluslara sahip, koyu boyanmus,

2.2. Histological Methods

The head of the fourth instar larvae were removed from
the body. The thorax and abdominal regions of the body
were totally fixed in Sainte-Marie solution (18) for
overnight at +4°C. After fixation, materials were
embedded in paraffin for examination with light
microscopy. 5 um thickness sections were stained with
Haematoxylin-Eosin (H-E) and investigated by light
microscope.

2.3. Cytological Methods

The midgut of the fourth instar larvae were dissected
and fixed in 0.025 M sucrose containing (19) Karnovsky
(20) fixative overnight at +4 °C and postfixed in Millonig
(21) buffer containing 1 % OsO, for 90 min. at +4 °C.
After fixation, materials were embedded in epon 812. Thin
sections were stained with uranyl acetate (UA) and lead
citrate (LC) and then examined in a Jeol 100 C
transmission electron microscope.

3. RESULTS
3.1. Histology of Foregut, Midgut and the
Structure of PM

In longitudinal sections of the thorax region, alimentary
canal forms the special folding regions that consist of
posterior oesophagus, foregut and anterior midgut. These
folding regions are followed by gastric caeca and
abdominal midgut which line throughout from first to the
fifth abdominal segments (Fig. 1a).

The posterior oesophagus invaginates to anterior
midgut, lines straightly up to the first folding point and
then turns 180°. There is a ring made by cuticle on the
corner of the first folding point. Up the first folding point,
is the region lined by simple squamous type epithelial cells
which are covered by the cuticle. This folding point is
followed by foregut cells and the height of the foregut
cells increase. Approximately 20-25 foregut cells line
straightly then turn again 180° to make the second folding
point. After that point, the following area consists of two
regions. The first one is the end part of the foregut that has
approximately 4-5 cells and the second part is the anterior
midgut that has approximately 15-20 cells. The epithelial
cells of the anterior midgut are stained dark with H-E (Fig.
1b, c).

Single layered squamous epithelial cells of posterior
oesophagus has a layer of cuticle instead of microvilli. The
cuticle protects the oesophageal cells from the mechanical
effects of foods and infections of pathogens. Developing
muscle cells and blood sinus are located between the
oesophagus and the foregut in the first folding region.
Single layered foregut cells vary from cuboidal to
columnar up to the second folding point. Single layered
and columnar anterior midgut cells are darkly stained and
have microvilli. Foregut and anterior midgut cells together
form cardia, and anterior midgut cells release PM that are
seen as a thin layer (Fig. 1b, c¢). Immediately beyond the
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silindirik tek sirali epitel hiicreleridir. Onbagirsak ve
anteridor ortabagirsak epitel hiicreleri, birlikte kardiya
bolgesini olugturur ve anteridr ortabagirsak epitel
hiicrelerinin salgist sonucu olusan PM, ince bir bant
halinde gozlenir (Sekil 1b,c).

Toraks bolgesinin biiyiik bir kismini kaplayan gastrik
cekumlar, boyuna kesitlerde iki (Sekil 1a), enine
kesitlerde ise sekiz adet (Sekil 2a) olarak goézlenir. Degisik
goriiniisteki gastrik ¢ekum hiicreleri anteridr ortabagirsak
hiicrelerine oranla daha iridir ve daha uzun mikrovilluslar
vardir (Sekil 2b). Gastrik ¢ekumlardan sonra gelen
abdominal ortabagirsak hiicreleri, birinci ve beginci
abdomen segmentleri arasinda devam eder. Birinci ve
tiglincii abdomen segmentlerine dahil olan ortabagirsak
hiicreleri boyuna kesitlerde en ve yiikseklikleri birbirine
esit olarak goriilirken (Sekil 3), enine kesitlerde boylar
yiiksekliklerinden daha uzun, yassi hiicreler olarak goriiliirler
(Sekil 4a). Ugciincii abdomen segmentinden sonra
ortabagirsak hiicrelerinin morfolojileri yavas yavas
degisir. Giderek irilesen hiicrelerin mikrovilluslar1 da uzar.
Boyuna ve enine kesitlerde bu degisim
gozlenmektedir(Sekil 3, 4b).

Kardiya bolgesindeki anterior ortabagirsak hiicreleri
tarafindan salgilanan PM, gastrik ¢ekumlarin hemen
altindan toraksi gegerek abdomen segmentlerine ulasir ve
bagirsak liimenindeki besin icerigini ¢epecevre sarar. PM,
boyuna (Sekil 1c, 3) ve enine kesitlerde (Sekil 2a, 4a,b)
besinle ortabagirsak epiteli arasinda ince bir ¢izgi seklinde
gozlenir. Orijini kardiya bolgesi olan ve besinci abdominal
segmente, yani ortabagirsagin sonuna kadar kesintisiz
olarak uzanan PM, bagirsak liimenini iki kisma
ayirmis olur. Liimendeki besinle PM arasinda kalan kisim
endoperitrofik saha, PM ile epitel hiicreleri arasinda kalan
kisim ise ektoperitrofik sahadir.

anterior midgut arise the balloon like diverticula or gastric
caeca. They are two in number in the longitudinal section
(Fig. 1a) and they are eight in number in the cross section.
Cells which are massive and have microvilli, occupy a
large part of the thorax (Fig. 2b). After those massive
structures, abdominal midgut cells line throughout from
the first to the fifth abdominal segments. In the
longitudinal sections between the first and the third
abdominal segments, the midgut cells are seen as cuboidal
(Fig. 3) but in the cross section these cells are seen as
squamous (Fig. 4a). After the third abdominal segment,
the shapes of the midgut cells gradually vary. These cells
are greater and have long microvilli. Longitudinal and
cross sections display this variation (Figs. 3, 4b).

PM is released from the anterior midgut cells which is
located in the cardia and pass through the thorax and reach
to the abdominal segments. It surrounds the food bolus and
is seen in longitudinal (Figs. la, 3) and cross sections
(Figs. 2a, 4a, b) as a thin line between the food and the
midgut cells. PM which originates from the cardia
continuously lines to the end of the midgut (fifth
abdominal segment). It separates the midgut lumen into
two regions, respectively the endoperitrophic space is
located between PM and the food bolus, and the
ectoperitrophic space is located between PM and the
midgut cells.
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Figure 1.

Sekil 1:

Longitudinal sections of larval alimentary canal. 1a: A general view from the thorax (T) to the sixth abdominal
(A) segments. 1b: Folding regions of midgut. 1¢: Cardia region. % gastric caeca, A abdominal midgut cells,
f food bolus, o oesophagus, = cuticle, = first folding point, r ring, » second folding point,
C cardia region, M developing muscles , s blood sinus, fg foregut cells, amg anterior midgut cells,
- microvilli, ¥ peritrophic matrix (H-E; la, x120; 1b, x220; lc, x600).

Son evre larvada sindirim borusunun boyuna kesiti. 1a; toraks (T) ve abdomenin (A) ilk alt1 segmenti boyunca
bagirsagin genel goriiniimil. 1b; bagirsagin katlanma bolgesinden, 1¢; kardiya bolgesinden gecen boyuna kesitler.
% gastrik ¢ekumlar, A diizgiin sirali abdominal ortabagirsak hiicreleri, b limendeki besin, 6 6zofagus,
= kiitikula, = birinci katlanma bolgesi, h halka, » ikinci katlanma bolgesi, K kardiya bolgesi,
k gelismekte olan kas dokusu, s kan siniisii, 6b Onbagirsak hiicreleri, ab anteriér ortabagirsak hiicreleri,
= mikrovillus, ¥ peritrofik matriks (H-E; 1a, x120; 1b, x220; 1c, x600).

13



14

G.U. J. Sci., 17(2): 9-19 (2004)/ Mehmet Salih YIKILMAZ, Onder DEVECI*

Figure 2: Cross sections of gastric caeca. 2a: General view. 2b: Gastric caeca have microvilli. % gastric caeca, = microvilli

Sekil 2:

belonging to gastric caeca, ¥ peritrophic matrix, f food bolus in the lumen (H-E; 2a, x100; 2b, x200).
Gastrik gekumlarin enine Kesiti. 2a; genel goriiniim. 2b; mikrovilluslu gastrik ¢ekum hiicreleri. % gastrik cekumlar,

= gastrik ¢ekum hiicrelerinin mikrovilluslari, # peritrofik matriks, b limendeki besin (Parafin kesit, H-E; 2a,
x100; 2b, x200).

Figure 3: Longitudinal section of abdominal midgut cells. > cuboidal cells from anterior region, » columnar cells having microvilli

Sekil 3:

from posterior region, ¥ peritrophic matrix, f food bolus, = microvilli (H-E, x150).
Boyuna gegen abdominal ortabagirsak kesitinin, anterior bolgesindeki kiibik goriilen (>) ve posterior bolgesindeki
mikrovilluslu silindirik hiicreler (>>). ¥ peritrofik matriks, b besin, = mikrovillus (Parafin kesit, H-E, x150).

Figure 4: Cross sections of abdominal midgut. 4a: Squamous cells from anterior region. 4b: Columnar cells have microvilli from

Sekil 4:

posterior region. ¥ peritrophic matrix, f food bolus (H-E; x200).
Abdominal ortabagirsagin enine kesiti. 4a; anteridrdeki yassi goriilen hiicreler.4b; posteriérdeki mikrovilluslu
silindirik hiicreler. ¥ peritrofik matriks, b besin (Parafin kesit, H-E; x200).
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3.2. Ortabagirsak Hiicreleri ve Peritrofik
Matriks’in Ince Yapisi

Elektron mikroskobu goézlemlerine gore, ortabagirsak
epitel hiicrelerinin serbest ylizeylerinde liimene dogru
cikintt yapan degisik sayida mikrovilluslar goriiliir.
Hiicrelerde, perifere yakin bolgede Golgi alanlarina
rastlanir. Golgi kompleksinin dar kanallar1 apikal hiicre
zarma dik olarak uzanirlar. Sakkuluslarinda elektronca
yogun materyal birikmistir. Benzer materyal igeren kiigiik
kesecikler Golgi zarlar1 arasinda ve plazma zarinin hemen
altindaki kortikal sitoplazmada ¢ok sayida bulunur.
Kortikal sitoplazma hiicre organelleri bakimindan fakirdir.
Esas olarak Golgi zarlarindan tiirevlenmis tek veya grup
halindeki kesecikler bulunur. Yeterli biiyiitmelerde bu
bolgenin ince filamentleri goriilebilmektedir. Bunlarin
cevresinde ise mitokondriler ve daha derin sitoplazmada
graniillii endoplazmik retikulum zarlar gézlenir (Sekil 5).
PM’in tabakali ince yapisinda elektronca yogun ve
elektronca az yogun olan bdlgelere rastlanmaktadir.
PM’in, endoperitrofik sahaya bakan tarafi elektronca
yogundur.Sirastyla agik ve koyu bantlar seklinde goriilen
enine ¢izgileri kiigiik kanallara benzer, hemen altinda,
elektronca az yogun ve bol sayida mikrofibril igeren ve
ektoperitrofik sahaya kadar uzanan kalin bir tabaka
bulunur. Bu tabaka iginde yer alan elektronca yogun ve
kesintili iki tabaka, az yogun olan tabakay: farkli {i¢
bolgeye ayirir. Elektronca yogun kanalli tabakanin hemen
altinda yer alan ve elektronca az yogun ilk mikrofibrilli
tabaka oldukca incedir. Elektronca yogun iki ayirict
tabaka arasinda kalan ikinci mikrofibrilli ve agik renk
tabaka ise ilkinden biraz daha kalindir. Elektronca az
yogun olan liclincii ve son mikrofibrilli tabaka ise en kalin
olanidir ve ektoperitrofik sahaya bakar (Sekil 6a,b).

4. TARTISMA VE SONUC

Sivrisinek larvalarinda sindirim kanalinin toraksta yer
alan kisminin, tek tabakali epitel hiicrelerinin kivrilip
katlanmalariyla meydana gelen karmasik yapisi degisik
arastiricilar  tarafindan  farkli  sekilde adlandirilip
tanimlanmustir.  Christophers (1) o6nbagirsagi; farinks,
6zofagus ve kismen proventrikulusun bir araya gelerek
olusturdugu bir yapi1 olarak tamimlarken, Richards ve
Richards (2) proventrikulusun; Onbagirsagin 6zofagus
iizerinden bir c¢ikinti yapmasi sonucu sekillendigini
bildirmislerdir. Lehane (9) ise, anterioér ortabagirsak ve
Onbagirsagin  toraksta O6zel bir katlanma bolgesi
olusturdugunu ve genellikle proventrikulus olarak bilinen
bu yapinin kardiya olarak adlandirilmasmin daha dogru
olacagm ileri siirmiistiir. Bu ¢alismada, Lehane (9)’nin
tanimlamasi esas alinmig ve boyuna kesitlerde gozlenen
yapilar sirasiyla Ozofagus, Onbagirsak ve anteridr
ortabagirsak olarak adlandimlmistir.  Onbagirsak  ve
anteridr ortabagirsak epitel hiicre sirasinin katlanarak
olusturdugu yapiya da kardiya ad1 verilmistir.

3.2. Fine Structure of Midgut Cells and PM

According to the electron micrograph, a various number
of microvillus is seen on the apical of the midgut cells.
Below the peripheral zone of the cell, there is the Golgi
region. The narrow canals of the Golgi complex are
upright to the apical membrane of the cell. Electron dense
materials are filled in Golgi sacculus. Small vesicles
containing similar materials are located between the Golgi
membranes and the cortical cytoplasm. Cellular organelles
are seldom found in the cortical cytoplasm. Instead of
cellular organelles, the vesicles which originated from the
Golgi exist in the cortical cytoplasm. In higher magnitude,
thin filaments are observed in this region. Beneath these
regions are mitochondria and in deeper cytoplasm,
endoplasmic reticulum membranes are observed (Fig. 5).

Electron-dense and electron lucent microfibrillated
layers are observed in the electron micrograph of PM. The
electron dense layer of PM is against the endoperitrophic
space and porous or canal like structures are arranged into
this layer. Under this structure, the electron lucent layer
containing microfibrilles is present. This layer is thick and
reaches to the border of the ectoperitrophic space. This
thick microfibrillated layer is separated into three regions
by the electron dense bilayer. The first and second regions
have almost the same thickness but third region is thicker
than the others. This third region is against the
ectoperitrophic space (Fig. 6a, b).

4. DISCUSSION

The larval alimentary canal which is located in the
thorax represents complex folding structure and many
investigators have used various types of terms.
Christophers (1) describes that the pharynx, oesophagus
and proventriculus (in part) collectively form the foregut.
Richards and Richards (2) mention that the proventriculus
of mosquito larvae is located in the thorax and is formed
by protrusion of the foregut into the anterior end of the
midgut. Finally Lehane (9) describes that specialized fold
of the anterior midgut and foregut form the structure
which is correctly termed cardia but is commonly called
the proventriculus. In this study in order to prevent any
misunderstanding we use the explanation suggested by
Lehane (9). Structures observed in longitudinal sections
are respectively termed oesophagus, foregut and anterior
midgut. Finally, the special folding region which was
collectively formed by the foregut and the anterior midgut
is termed cardia.
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Figure 5. Fine structure of midgut cells. m microvillus, G Golgi complex, O sacculus and small vesicles fill with electron

Sekil 5.

Figure

Sekil 6.

dense material, — filaments of cytoskeleton, Mt mitochondrion, g granular endoplasmic reticulum (UA-LC;
x42000).

Ortabagirsak hiicrelerinin ince yapist. m mikrovillus, G Golgi kompleksi, O sakkuluslar ve kiigiik kesecikler
i¢indeki elektronca yogun materyal, — sitoiskelet filamentleri, M mitokondri, g graniilli endoplazmik
retikulum (UA-KS; x42000).

6.Structure of the PM. 6a: General view. 6b: Electron dense and electron lucent layers. ec ectoperitrophic space, en
endoperitrophic space, ® electron dense thin layer,— porous or canals, <> electron lucent thick, microfibrillated layer, »
electron dense layers (UA-LC; 6a, x23000; 6b, x50000).

Peritrofik Matriks’in tabakal1 yapisi (6a), elektronca yogun ve az yogun bolgeler (6b); ek ektoperitrofik saha, en endoperitrofik
saha, ® kanallar (—) igeren elektronca yogun ince tabaka, <> elektronca yogun kesintili fibrillerle (») ti¢ bolgeye

ayrilms elektronca az yogun tabaka (Epon kesit, UA-KS; 6a, x23000; 6b, x50000).

Aedes aegypti’de Ozofagus, kiitikula ile kapli yassi
epitel hiicrelerinden yapilmistir ve hemen diginda halkasal
kas demetlerinin olusturdugu bir tabaka bulunur. Dairesel
kas demetleri ile 6zofagus hiicreleri arasinda (boyuna
kesitlerde) kan siniisleri yer alir. Ozofagus orta barsaga
dogru, gastrik ¢ekumlardan hemen once sona eren bir
girinti yapar ve bu girintinin kan siniislerini gevreledigi
kismin késesinde ise kiitikulaca yogun bir tabaka bulunur
(). Kitikulaca yogun bu tabakaya halka denir ve A.

In Aedes aegypti the oesophagus is made by simple
squamous epithelial cells which is covered by the cuticle.
Circular muscle is located in the outer space of the
oesophagial region. Blood vessels are located between the
oesophagus and the circular muscle. Oesophagus
invaginates to the gastric caeca and this invagination ends
just before the gastric caeca. At the corner of this
invagination there is a thick cuticle portion (1) named a
ring and in A. aegypti, from this ring two collars extend to
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aegypti’de bu halkadan disart dogru uzanan ve yaka olarak
adlandirilan iki adet cikinti vardir (2). C. pipiens’in
boyuna kesitlerinde ise 6zofagusun ortabagirsagin igine
dogru yaptig1 girinti gastrik ¢ekumlardan once degil
¢ekumlart gectikten sonra sona ermektedir ve ayrica
kiitikulaca zengin halkalardan disar1 dogru ¢ikint1 yapmis
her hangi bir yapiya rastlanmamaistir.

A. aegypti’de 151k ve elektron mikroskobuyla kolayca
ayirt edilen 6n ve ortabagirsagin birlesme yeri (2) C.
pipiens’in son evre larvalarindan alinan boyuna kesitlerde
de 151tk mikroskobunda kolayca ayirt edilmektedir.
Birlesme yerinden hemen sonra mikrovilluslu ortabagirsak
epitel hiicreleri goriilmeye baslar.

A. aegypti’de ortabagirsagin anteridriindeki hiicreler
tipik olarak prizmatiktir ve koyu boyanmistir. Bu
hiicrelerin  salgilari  sonucu PM olusur (1,2,9). C.
pipiens’ten enine ve boyuna alman kesitlerde de ayni
hiicreler benzer olarak koyu renktedir. Ayrica bu hiicreler
ortabagirsagt olusturan diger hiicrelere oranla daha
kiigiiktiirler.

A. aegypti’de gastrik c¢ekumlarin epitel hiicreleri
bilyiiktiir ve uzun mikrovilluslara sahiptir (1). C .pipiens
larvalarimin  toraksindan alman enine ve boyuna
kesitlerindeki bulgularimiz, A4. aegypti’de saptanan
bulgularla (1) uyum saglamaktadir.

A. aegypti’nin erken larval evrede tek tip olan
ortabagirsak epitel hiicreleri son evre larvalarda
farklihiklar gosterir. Ik abdominal segmentlerin boyuna
kesitlerinde kiibik, enine kesitlerinde ise yassi olan
ortabagirsak epitel hiicreleri, posteridre dogru silindirik
hiicrelere doniisiir ve irilesen hiicrelerin mikrovilluslart
uzar (1). C. pipiens’in enine ve boyuna kesitlerden elde
edilen 151k mikroskobu goriintiileri yukaridaki verileri
desteklemektedir ve bunlara ek olarak posteridrdeki
hiicreler daha koyu renk boyanmustir.

PM’i salgilayan hiicrelerin sayist kesin olarak
bilinmemekle beraber cok fazla olmadig1
diisiintilmektedir. 4. aegypti’nin 151k mikroskobunda
incelenen enine kesitlerinde yaklasik 40 hiicrenin, boyuna
kesitlerinde ise gastrik g¢ekumlarin kaidesinden itibaren
anteriore dogru 20  hiicrenin  salgi  olusturdugu
bildirilmektedir. Elektron mikroskobunda incelenen
boyuna kesitlere gore ise anteriérdeki ilk 8-10 hiicrenin
PM salgisina katildigr goriilir (2). C. pipiens’in 151k
mikroskobu goriintiileri enine kesitlerdeki 40 hiicrenin ve
boyuna kesitlerdeki 20 hiicrenin PM olusumuna katildigini
isaret etmektedir.

A. aegypti’de PM’in besinle yiizlesen tarafi yogun
graniiler bir tabaka halindedir. Bu graniiler tabakadan
epitel hiicrelerine dogru birbirlerinden aralarindaki fibrilli
materyalle ayrilan ii¢ mikrofibril tabakasi vardir (2). C.
pipiens’in elektron mikroskobu goriintiilerinde PM’deki
mikrofibrilli bu ii¢ tabaka ve onlar1 ayiran fibrilli tabakalar
net olarak ayirt edilmektedir. Caligmanin bu diizeyinde
mikrofibrillerin ve iginde bulunduklari temel maddenin
kimyasal yapisinin belirlenmesi igin her hangi bir yontem
kullanilmamistir. Ancak Peters ve Latka (23)’ya gore X
g1 difraksiyon analizleri ve lektin  baglanmasi
caligmalart  mikrofibrillerin ~ kitinden  olustugunu
gostermistir. Ayrica PM’in proteoglikan bir matriks i¢ine
gomiilmiis mikrofibrillerden olustuguna dair veriler de
vardir (3,7-10).

A. aegypti’de PM yiizeyi porsuzdur ve limendeki besin

the outer space (2). In the longitudinal sections of C.
pipiens, the invagination of the oesophagus ends just after
the gastric caeca and there is not any collars extending to
the outer space from the ring.

The commissure of the foregut and midgut of 4. aegypti
is easily seen in light and electron microscope (2). This
phenomenon is also seen easily in longitudinal sections of
C. pipiens by light microscope. Immediately beyond this
commissure, anterior midgut cells are observed.

Anterior midgut cells of 4. aegypti are columnar, deeply
stained and they release PM (1, 2, 9). Anterior midgut
cells of C. pipiens are also columnar and deeply stained
and PM is seen both in longitudinal and cross section.
Furthermore, these cells are smaller than other midgut
cells.

Gastric caeca cells of 4. aegypti are massive and have
long microvilli (1). In C. pipiens these cells exhibit similar
characteristics.

Younger larval stage (firs and second instar) of A.
aegypti, the midgut is lined by uniform cells but it varies
for the later stages (third and fourth instar). Flattened type
cells are observed in cross sections of the first abdominal
segments. But columnar and big cells which have long
microvilli are observed in cross sections of the fourth and
fifth abdominal segments (1). The observations of
longitudinal and cross sections of C. pipiens are similar.
Furthermore posterior midgut cells are darkly stained.

The number of cells involved in secreting the PM is not
certain but is not a large number. In 4. aegypti, cross
sections of larvae show approximately 40 midgut cells in
the secretory zone. Longitudinal sections show
approximately 20 cells anterior to the bases of the gastric
caeca. Electron micrographs suggest that only the
anteriormost 8 to 10 cells are involved in secreting
material for the PM (2). Cross sections of C. pipiens larvae
also show approximately 40 cells and longitudinal sections
show approximately 20 cells are involved in secreting PM.

The PM of 4. aegypti has thin electron dense granular
layer against the food bolus. Thick electron lucent
microfibrillated layer is separated into three regions by
electron dense bilayer (2). Electron dense thin granular
layer and microfibrillated layer separated into three
regions are observed in electron micrograph of C. pipiens.
In this study we did not use any methods to show the
chemical composition of the PM and its components.
However, Peters and Latka (23) have used X-ray
diffraction analyses and lectin binding methods. Latter one
suggests that the microfibrilles of PM contain chitin. Other
authors suggest that PM is formed by the mixture of
proteins, glycoproteins and proteoglycans (3, 7-10).

In A. aegypti the surface of PM is nonporous and there
is no evidence that any food components pass through
these pores (2). On the contrary electron micrograph
investigations of C. pipiens, porous or canal like structures
arranged in granular layer which are against the food bolus
are observed.

Consequently, the anatomical structure of the foregut
and midgut of C. pipiens and fine structure of PM exhibit
some differences from A. aegypti which is well known as a
material to have been studied and to be compared. In C.
pipiens, the invagination of the oesophagus ends just after
gastric caeca and there is not any collars extending to the
outer space from the ring. However, there are not any
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kitlesinden hiicrelerin bulundugu tarafa besin pargalarinin
gectigi  goriilmemistir (2). Farkli olarak C. pipiens’in
elektron mikrograflarinda PM’in besinle karsi karsiya
gelen graniilli kisminda enine ¢izgiler seklinde gozlenen
kanal benzeri yapilara rastlanmistir.

Sonug olarak; C. pipiens’in 6n ve ortabagirsak anatomik
yapist ile PM’in ince yapisi, larval donemde ¢alisilmig
ve karsilastirilacak tek materyal olarak goriilen A.
aegypti’den birka¢ noktada farklilik gostermektedir. C.
pipiens’te 6zofagusun orta bagirsaga girintisi daha geride
sonlanir ve I. katlama bolgesindeki halka yapisina bagl
bir yaka ayirt edilmemektedir. Bununla beraber histolojik
yapilarinda Onemli bir fark goriilmemektedir. PM’in
endoperitrofik tarafindaki graniillii tabakanin kanall1 olusu
da C. pipiens’e 6zgii bir durum olarak goriilmektedir. C.
pipiens’in On ve ortabagirsaginin genel yapisi 1930°1u
yillarda Wigglesworth (24) ve onu takip eden yillarda
birkac arastirici tarafindan incelenmis (25) ve bugiine
kadar kayda deger bagka bir ¢alisma da bulunamamustir.
Bu calismayla, lilkemizdeki en yaygin sivrisinek tiirii olan
C. pipiens ile ilgili bundan sonraki larvisit uygulama
caligmalarimiza temel olusturacak histolojik ve sitolojik
yap1 tanimlanmustir.
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