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Long-Term Primary Culture of Cells of the Mosquito Anopheles stephensi'*

MARIA C. ROSALES-RONQUILLO, ROBERT W. SIMONS, anxn PAUL H. SILVERMAN
Department of Zuology, University of [llinois, Urbana 61801

ABSTRACT

Long-term primary cultures of cells in which frag-
ments of newly hatched larvac of Anopheles stephensi
Liston (Diptera: Culicidae) serve as sources have been
initiated. The various outgrowths which appear at dif-
ferent times during the cultivation period _an be dis-
tinguished morphologically as large and small epithelial
cells, fibroblastlike cells, neuronlike cells, polygonal cells,

2 types of myoblastlike cells, and noncellular and cellular
vesicles, Viability of the various outgrowths for a period
of about 60 days without change of nutrient medium has
been observed. Efforts are being dirccted toward de-
veloping the primary cell calture into a receptive system
for the in vitro cultivation of the sporogonic form of the
malarial parasite Plasmodiuvm berghei,

A review of the efforts of several workers in their
aim to cultivate in vitro the sporogonic forms of the
malarial parasite indicates the need for an inscct-
oriented environment that will support the growth
and development of the parasite (Ball and Chao
1957; Chao and Ball 1964; Ragab 1947: Schneider
19684, b: Walliker and Robertson 1970), Partial
success has heen reporied using cell-cultured sub-
strate derived from tissues of the mosquito Aedes
acgypti 1. (Schneider 19683, b).

This paper describes the establishment of a long-
term primary culture of mosquito cells derived from
newly hatched Anopheles stephensi Liston and the
possible utilization of the culture system n the in
vitro cultivation of the mosquito-borne phase of the
rodent malarial parasite Plasmodiun berghei,

MATERIALS AND METHODS

Newly deposited eggs were obtained from labora-
tory-bred . stephiensi maintained under  standard
conditions in our laboratory (Alger and Undeen
1970). Sterilization procedures were essentially the
same as those described by Schneider (1969). Eggs
were incubated at 27°C in the dark. Embryogeny was
completed in ca. 58 hr. Hatching took place at room
temperature in trypsinized Rinaldini's salt solution.

About 150 newly hatched larvae were used to
inoculate each glass V-hottom Bellco culture flask.
Dissections of the larvae were done in a depression
slide containing trypsinized Rinaldini's salt solution,

! Diptera: Culicidae, .

2 Supported by the Agency for International Development,
U.S. Department of State, Contract AID/csd-1432, Cost of ex-
pedited publication paid by authors. Received for publication Jan,

under sterile conditions using surface-sterilized ultra-
microprecision instruments (Trident).

Techniques used to expose and to draw out the
entire digestive system intact were essentially  the
sime as those employed by Ronquillo (1968)* and
Ronquillo and Horsfall (1969}, The intact gut and
renitining bulk of the larval matrix were then cut
into 1-3 mni" fragments as suggested by Schneider
(1967). These explants were pipetted into 2 ml of
fresh trypsinized Rinaldini’s salt solation, and inecu-
bated for 45 min at 27°C. One ml inactivated foetal
bovine serum (FRSY was added to the trypsinized
explants which were then allowed to stand for 5 min
at room temiperature, The trypsinized FBS-treated
explants were centrifuged at 500 rpm (RCF = 36.3)
for 6 min, resuspended in 1.5 ml of the culture medi-
um, and pipetted into a culture flask. Al cultures
were kept at either 2120.1 or 27::0.1°C in the dark.

The protocol for preparing the culture meditm
was outlined by Schneider (1969). However, for our
purposes, the pH of the medium was adjusted to
either 6.8, 7.0, 8.0, or 8.5, Culture media cither with
or without antibiotics were employed,

This report is based on examination of 135 primary
cultures which were initiated during the period July
1970 to August 1971, The cultures were examined
under a Zeiss UPL inverted microscope at 2-day in-
tervals after the initial seeding. All photomicro-
graphs (Fig. 1-24) were taken with a Zeiss C-35
Camera. Critical appraisal of the pattern of cellular
outgrowths in the primary cultures has been made

3M. C. Ronquillo. 1968, g
roductive s‘ystcm of an acdine mosquito.
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possible with phase-contrast time-lapse cinephotomi-
crography.
RESULTS

Monolayer Cell Outgrowths,.—Targe Epithelial
Cells (LE)Y—These cells varied from round, ovoid
forms to starlike configurations (Fig. 1-3). LFach
cell had a Twrge nucleus which was spherical or ir-
regular in shape, a granular eytoplsm, and a thin
membrane (M) at the periphery,  This membrane
which was either slightly curled up or folded, was
hardly visible in the more compact, subspherical cells
but distinet in flat cells (Fig. 1, 11, These unusual-
Iy large cells became evident 4 days after the initial
seeding and were generally attached to the glass,
Lach cell attained its maxinnnm size at ca. 20 days
in culture and was ca, 120 g diam, As the culture
progressed, small ovoid and spindle-shaped epithelial
cells (Fig. 6, SI2) hegan to appear in the vicinity of
the arge epithelial cells (Fig. o, 115),

Each cell exhibited vigorous nonoriented gliding
movement 3 dayvs after its appearance. This activity
wits accompanicd by contraction and relaxation and
a contimtal wavy motion of the thin peripheral mem-
brane.  The extent and character of this type of
motility wis best seen in phase-contrast time-lapse
cinephotomicrography.

Cellular morphological changes and  gradual de-
cline of motility were cevident as the culture aged.
The cells assumed rounder, denser forms by shrink-
ing hack from their expanded state. Some of these
cells became increasingly filled with highly refractile
granules (Fig. 3, G) and minute vacuoles (V) ap-
pearing first around the nucleus and finally filling the
entire extoplasmic e, With passage of time, the
large epithelial cells disintegrated, and the cell mem-
brane ruptured, resulting in the extrusion of the con-
tents into the nutrient medinm, In some individually
scattered aging cells, the exvtoplasm was transformed
into a network of fine fibrils and the nuclei disinte-
grated, resulting in the death of the cells (g, 3).
Phase-contrast time-lapse  cinephotomicrography  did
not show evidence of proliferation and phagoceytosis.

Small Epithelinl Cells ¢ SE) —Small ovoid and
spindle-shaped epithelial colls were observed in the
2ud week of cultivation. Fach cell was characterized
by a round mucleus and a exvtoplasm filled with min-
ute droplets and fine granules (Fig. 4). The average
diameter of the cell was ¢, 40 g, These celis hecame
apparent cither near the vicinity of the large epi-
thelial cells (Fig. 6) or actively migrating from
tissne fragments (Fig. 4). Occasionally myoblast-
like cells (Myo) appeared simultancously with the
actively migrating small epithelial cells,

The interval between 15 and 35 days after the
initial seeding was one in which the cells began to
proliferate, and they continued to do so at such a
rapid pace that by the time the culture was 45 days
old, the cells dominated the culture field (Ifig. 3).

¢ A sequence of thes: time-lapse studies will be depisited in
the film library of the Tissne Culture Association,

ANNALS OF THE JENTOMOLOGICAL SOCIETY OF AMERICA

[Vol. 65, no. 3

Mitotic figures were frequently seen in the out-
growth. During the 1st 3 days of their appearance,
these cells were adherent to the glass and station-
ary.  Later, they began to show oscillating move-
ments which lasted for ca, 20 davs in culture. As
the culture aged, this motility decreased  gradually
until it finally ceased. The cells tended to pile up in
some areas to form small clusters or thick dises of
cells (Fig. 7). This morphological alteration during
the process of monolayvering of the cells on the glass
occurred when growth activity reached its peak (33-
45 days after the initial seeding),

Cytolysis of the cells becime evident ca. 60 days
into the culture period. The cells became highly re-
fractile and vacuolated, assuming irregular forms
and losing  their adhesion to the gliss (Fig, 8).
Occasionally, floating sheets of cells consisting of
hoth farge and small epithelial cells became apparent
at the surface of the culture medium, Survival time
wits short, Tasting only 23 days.

Fibroblastlike Cells (F).—This type of cells he-
cime apparent 10 days into the culture period, mi-
grating independently of one another from tissue
fragments (FFig. 93, The cells were irregular in size
and shape, Each cell had either an oval or elongated
nuclens, and a evtoplasm which was drawn out into
one or more processes of variable length,

The interval between 10 and 35 days after the in-
itial seeding was characterized by continual cell mi-
gration from the explants. As cultivation proceeded,
rapid cell proliferation was evident and a dense
population consisting of scattered diserete fibroblast-
like cells became apparent (Fig, 10),

Fibroblastlike cells migrating from explants moved
readily toward free spaces in an apparently random
pattern.  An analysis of time-lapse phase-contrast
cinephotomicrography of the movement of a cell
showed that a thin fanlike membrane (Fig, 11, N\)
at one edge of the cell underwent a continual undu-
lating movement, leading the rell as it moved about.

Signs of cellular degeneration were evident by the
time the culture was 55 days old. There was cessa-
tion of cell movement, change in shape. increasing
refractility and vacuolation, and loss of adherion
to the glass.

Polyvgonal Cells (P).—These cells were large, flat,
polygonal, and formed a contiguous sheet around
the explant (Fig, 12-14). Each cell had a well-
defined, centrally placed spherical nucleus, a prom-
inent nucleolus, and a clear, nearly granule-free cyto-
plasm. Jach cell was ca. 80 g diam,

This type of outgrowth became evident by the time
the culture was 10 days old. Growth during the next
30 days was characterized by an increase in the num-
ber of cells from rapid cell proliferation and active
migration of cells from the explants (Fig, 14). Mi-
tosis usually occurred in the cells that were located
at the periphery of the growing cell sheet. Occasion-
ally, binucleated cells were noted with the nuclei situ-
ated close to one another (Fig. 13). In some ex-
plants, fiberlike elements migrated together with the
polygonal cells; in a continuous sheetlike pattern,
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Fia, 1-6.—4. stephensi primary tissue culture. Phase contrast of living cells (Fig. 1-5) ; optical shadow cast-
ing of living cells (Fig. 6). 1, Large epithelial cells, (19 days). 2, A large epithelial cell in the process o
shrinkage, (35 days). 3, Aging large epithelial ccll, (45 days). 4, Small epithelial cells migrating from a

thoracic fragment, (19 days). 5, A portion of the culture field showing a large population of small cpithelial

cells and a few myoblastlike cells, (15 days). 6, a group of large and small epithelial cells, (30 days). (Scale
lines on Fig. 1-6 represent 50 u.)



Fi6. 7-12—c1. stephensi primary tissue culture, Optical shadow casting of living cells (Fig. 7); phase con-
trast of living cells (Fig. 8-12). 7, Clumping of small epithelial cells, ‘50 days). 8, Histolyzed small epithelial
cells, (95 days). 9, Tissue fragment with migrating fibroblastlike celi.. (27 days). 10, Fibroblastlike cells,
(32 days). 11, Large epithelial cell and fibroblastlike cells, each type with well-defined ruffling membrane, (14
days). 12, Polygonal cells located at periphery of cell sheet, (17 days). (Scale lines on Fig, 7-10 and 12 rep-
resent 50 p; on Fig, 11, 25 u.)
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Unusual pulsatile activity in this type of cell sheet
was evident and lasted for as long as 20 days.

Time-lapse filming showed that the polygonal cells
moved as a cohesive sheet along the gliss. Wavelike
activities of the membranes at the free edges of the
marginal cells could be scen as the sheet of cells
moved, Behavioral differences among the cells were
observed in response to the activity of the peripheral
cells. Submarginal cells in contact with the peri-
pheral cells were markedly stretched, assuming a
characteristically peduncalar appearance with no spe-
cific pattern of orientation (Fig. 13). Cells which
were niore or less near the explant retained their
polygonal forms and became radially oriented with
respect to the rest of the cells (Fig. 14),

Cell degeneration started by the time the culture
was 50 days old. Strings of small cytoplasmic bub-
bles developed at the periphery of the cell sheet. The
cells became highly refractile and vacuoles formed
within the cytoplasm, Adhesion of the cell sheet to
the glass decreased as degeneration progressed. By
the time the culture was 60 days old, a nondeseript
monolayer was detectable.

Fiberlike Elements—DMyoblastlike Cells (Myo).—
The growth patterns of the cells showing myoblast-
like characteristics were of 2 types. One type con-
sisted of cells that were initially few in number but
increased progressively with the passage of time;
these cells originated from fragments of the thoracic
(TF) and abdominal (ATF) regions (Fig. 16). An-
other distinct type consisted of cells that were initial-
Iy few in number and remained as such throughout
the cultivation period; these cells arose from isolated
fragments of the gut (GF) (Fig. 15).

In the Ist type, the cells were conspicuously long
and slender. Each cell consisted of a prominent cen-
tral body containing an ovoid nucleus and a cyto-
plasm which was drawn out into long threadlike
processes. The cells, in their emergence from the
explants 7 days after initial seeding, appeared cither
as individual cells projecting radially or as groups of
cells interlaced by fibrils and extending outwardly
(Fig. 16, 17). Occasionally, large epithelial cells
exhibited gliding movements cither between 2 myo-
blastlike cells or under a myoblastlike cell moving
hetween it and the glass.

Rhythmic contractile activity independent from
that of the source of origin was apparent either in
an individual myoblastlike cell or an agglomeration
of similar cells. Some activities were strong, others
weal; however, both activities lasted for as long as
15 days. These contractile clements remained un-
attached to the glass at the middle of the strand dur-
ing their active period.  However, as activity de-
clined, the whole strand tended to adhere to the
glass surface. Degeneration was characterized by
the appearance of strands of coalescing blebs (1)
along the cytoplasmic extensions (Ilig. 18). As the
culture aged, these blebs increased in number and the
cells became detached from the glass. Ultimately,
the cells were scen floating on the surface of the
medium.

Rosares-RonouiLLo et AL.: CuLTUuRE oF CELLS OF A nopheles
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In the 2nd type of myoblastlike cells, the out-
growth appeared as thin, membranelike elements on
the 7th day of the cultured period. They extended a
short distance from their origin (gut fragment, GF)
in a distinctive pattern with the edges attached and
the center portion unattached to the glass, as shown
in Fig. 15. Slight striations and several nuclei be-
came cvident as the outgrowth aged. The gut frag-
ments (GF) that gave rise to this type of ontgrowth
exhibited rapid waves of movement typical of gut
peristalsis, lasting for 3 weeks in colture. As cultivi-
tion progressed, the gut fragments lost their motility
as well as their integrity, becoming deformed, smaller,
and darker. On the other hand, the outgrowth began
to show twitching movements that lasted for a week.
As the outgrowth aged, motility decreased, adhesion
of the entire outgrowth to the glass became apparent
and numerous minute nodules appeared thronghout
the outgrowth. This appearance persisted as such
until the end of the cultivation period.

Neuronlike Cells (NC).—Cells of this type arose
from fragments of the thorax and abdomen during
the 2nd week of cultivation. Characteristically, cach
cell consisted of a cell body (CB) with very fine
fibrillar processes (Fi) (Fig. 19). Initially, the pro-
cesses were short but as growth proceeded, each pro-
cess lengthened into a very thin fibril, either as an
unbranched, Y-shaped, or multibranched form (Fig.
20). No evidence of pulsatile activity was observed
among these outgrowths. As the culture aged, the
outgrowth hecame dense and very complex. Cross-
connections occurred between the cell bodies and be-
tween fibrillar branches of the cells, A character-
istic affinity of the tip of the fibrils to neighboring
large epithelial cells (LE) and myoblastlike cells
(Myo) was observed during the cultivation period
(Fig. 20).

These neuronlike cells survived well for an ex-
tended period of time. Degeneration which occurred
on the 8th week of cultivation was characterized hy
the loss of cross connections between cell bodies anel
between fibrils, and detachments of the cells from the
glass,

Fesicles—These outgrowths became evident on
the 2nd week of the cultivation period as small, hol-
low, transparent, spherical vesicles at the cut edges
of the thoracic and abdominal fragments. The num-
ber of vesicles that oviginated from a specific cut
edge of a fragment ranged from 1 to 5. They re-
mained attached to the fragment throughout the cul-
tivation period. Two types of vesicles were apparent
during the culture period: cellular (CV) and non-
cellular (NCV) (Fig. 21, 22),

Growth of the cellular sphere was characterized by
an increase in size from the rapid proliferation of the
cell population. A mature vesicle consisted of &
single layer of cither scuamous cells (Sq) (Fig. 23)
or small epithelial cclls (SE) interspersed  with
fibroblastlike cells (IF) (Fig. 22). In vesicles with
squamous cells, thickening of some areas which was
followed by a conspicuous darkening process was ap-
parent. As the culture aged, the cells tended to ag-
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Fic. 13-18.—4. stephensi primary tissue culture, Phase contrast of living cells. 13, A group of polygonal
cells showing binucleation and characteristic peduncular appearance, (17 days). 14, Contiguous sheet of poly-
gonal cells from head fragment, (10 days). 15, Myoblastlike cells drawn into thin sheets, (10 days). 16, In-
terlacing myoblastlike cells from thoracic and ahdominal fragments, (32 days). 17, Myoblastlike cells and large
epithelial cells from thoracic fragments, (14 days). 18, Degenerating myoblastlike cells, (57 days). (Scale
line on Fig. 13-18 represents 50 u.)



N ) SN

TN b <.

Fi16. 19-24.—A4. stephensi primary tissue culture. Phase contrast of living cells (Fig, 19-21, 23-24); optical
shadow casting of living cells (Fig. 22). 19, Neuronlike cells, (30 days). 20, A group of uneuronlike, myo-
blastlike, and large epithelial cells, (27 days); arrow points to affinity of tips of neuronlike cells to a large
epithelial cell and a myoblastlike -1l. 21, Abdominal fragment with noncellular vesicle (10 days). 22, Cellular
vesicles from abdominal fragment, (34 days). 23, Squamous cells of a cellular vesicle, (30 days). 24, Clumping
of cells of a cellular vesicle, (67 days). (Scale lines on Fig. 19-24 represent 50 u).
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gregate, giving rise to a wrinkled nontransparent
cellular wall (Fig, 24). In spite of the morpholog-
ical change that did occur, the vesicles remained hol-
low and showed no evidence of collapse throughout
the cultivation period. Noncellular vesicles remained
small and persisted as such ‘hroughout the cultiva-
tion period (Fig. 21).

DISCUSSION

The survey of several publications on primary in-
seet tissue enlture fnvolving the use of different
organs from donors of different species and ages as
sources shows an emerging similarity of the out-
growths during the cultivation period (Trager 1938
Hirumi and Maramorosch 1964a, b; Eide and Chang
1969; Greenberg and Archetti 1969; Echalier and
Ohanessian 1970; Shields and Sang 1970 Richard-
son and Jensen 19719, In the present study, the
cellular outgrowths in the primary culture (in which
newly hatched arvae of . stephensi served a. the
sources) resembled some of the outgrowths reported
by the aforementioned authors, The primary culture
consists of 9 different types of outgrowths which
appear at different times during the cultivation peri-
od. The outerowths could be morphologically dis-
tinguished as large and small epithelial cells, fibro-
blastlike cells, neuronlike cells, 2 types of myoblast-
like cells, polygonal cells, and noncellular and celhi-
lar vesicles,

A point of interest in the present study is the con-
sistent pattern of events that has been observed in
all the culture flasks examined during the cultivation
period. A ltent period is maintained for 2 days after
explantation. On the 3rd day, some explants become
attached to the glass and begin to exhibit pulsatile
activities, Then a sequential growth of the different
types of cells arising cither from the peripheries of
the explants or from a dissociated suspension of cells
oceurs, First to appear in the culture field are the
large and small epithelial cells. They are followed by
fibrillike elements among  which the myoblastlike
cells tend to predominate over the neuronlike cells,
Then fibroblastlike cells and contiguous polygonal
cells become apparent. The latter are closely followed
hy the appearance of .oncellular and cellular vesicles,
‘The events just described are followed by a period of
active cell migration, multiplication, and in some
cases, cellular differentiation. These activities reach
their maximum during the 5th week of cultivation,
This period is followed by a gradval decrease in ac-
tivities that leads to a period of degeneration.

Degeneration is indicated by behavioral as well as
morphological changes: loss of motility; loss of ad-
hiesiveness to the gliss: withdrawnl of cytoplasmic
processes, rounding off and eventual shrinkage of
cells; increased refractivity, granulation, and vacu-
olation; and appearance of blebs and characteristic
clustering of cells, Echalier and Ohanessian (1970)
reported that the clustering of cells may result from
loss of contact inhibition during the monolayering of
cells. Eide and Chang (1969) showed by time-
lapse study that clustering is the result of rapid cell
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division in aggregations of morphologically similar
cells. In the present study, clumping of small epithelial
cells is apparent as the culture ages. It is possible
that these morphological alierations during degenera-
tion may result from nutritional depletion or toxicity
caused by the accumulation of metabolic wastes. In-
terpretation of any apparent behavioral and morpho-
logical alteration in the primary insect tissue culture
requires further critical analysis and definitely re-
mains to be explored.

We have demonstrated that the primary culture of
cells derived from newly hatched larvae can be main-
tained for 60 days without changing the nutrient
medium. This long-term maintenance of viable out-
growths in culture is of great value because it pro-
vides an adequate “life span” which could be uti-
lized for the in vitro development of the parasites
which in vivo is completed at ca. 14 days. Presently,
our cfforts are being directed toward developing the
primary cell-cultured substrate into an efficient one
in the hope that it will support the development of
the entire sporogonic cycle,

Firstly, inclusion of antibiotics in the medium to
insure sterility in culture was found to inhibit the
development of the parasites (Dubin et al. 1950,
Terzian et al. 1952, Micks and Ferguson 1961, Chao
and Ball 1964). Therefore, we omitted antibiotics
from the medium and preparations of explants were
done under strictly aseptic conditions. Presently,
viable primary cultures grown in antibiotic-free
media are being maintained in this laboratory.

Partial success in the in vitro cultivation of the
sporogonic forms has been reported by several work-
ers when supplements of adult organs were jncor-
porated in either a cell-cultured system or chemically
defined substrate (Chao and Ball 1964, Schneider
19684, Walliker and Robertson 1970). The need,
therefore, for sterile organs arises. Attempts to rear
“l. stephensi aseptically have been successful in this
laboratory (manuscript in preparation) and avail-
hility of germ-free adult mosquitoes has great poten-
tial value to the present rescarch. Organs which
were taken from newly cmerged aseptically reared
adult male and female mosquitoes and introduced
either in the primary cell-cultured substrate of varied
ages or in cell-free nutrient medium were found
healthy and viable for as long as 30 days without
loss of integrity; there is no sign of morphological
alteration and there are persistent marked behavioral
activities such as gut peristalsis and ovary con-
tractility.

It has been demonstrated that temperature in-
fluences the in vivo as well as in vitro development
of the parasites (Trager 1938, Huff 1940, Ball and
Chao 1957, Chao and Ball 1962) ; development of the
mosquito phase of Plasmodium relictum is accelerated
as temperature is increased from 18 to 31°C. Yoeli
et al. (1965) showed that in vivo, the sporogonic de-
velopment of a strain of 22, berghet takes place within
a harrow femperature range (18-22°C). In view of
this observation, the need for primary cultures incu-
bated within this temperature range is apparent,
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Presently, viable primary cultures incubated at either
20° or 27°C are being maintained in our laboratory.
It has been observed that a similar pattern of cellular
outgrowths and viability of the cells exists in \he cul-
tures incubated at either temperature. However, a
longer latent period after explanation has heen ob-
served in the cultures incubated at lower tempera-
tures than in the anes at higher temperatures.

It has been shown by some workers (Micks and
Ferguson 1961, Chao and Ball 1964, Schneider
1968a) that the pH requirement of each state of the
sporagonic cycle during in vitro development is ex-
acting. A pH close to 7 supports the development
of early stages and a pH of 8 is favorable to the late
sporogonic forms. In view of this observation, we
are directing our cfforts toward procedural modifica-
tions to maintain the pll of the substrate within the
required limit of the parasite in cultivation. Work
in progress shows that cell-cultured substrates can be
established in uutrient media wherein the pll was
initially adjusted at either 6.5, 7, 8, or 83, D'relim-
inary results show that the outgrowths grow equally
well within a pIl range of 6.5-8. Furthermore, a
slight full in pIH level of the medium from the initial
level is noted on the 4th week of the cultivation peri-
od. Further work along this line is still in progress.

Exploratory experiments in the in vitre cultivation
of the parasites, which are now in progress in our
lihoratory, show that the primary cell substrate ap-
pears to be a receptive system for the development
of the parasite.
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ABBREVIATIONS USED ON FIGURES

Al membrane

Myo, myoblastlike cell

N, nucleus

Nu, nucleolus

NC, neuronlike cell

NCV, noncellular vesicle

Pe, peduncular polygonal
cell

Sq, squamous cell

SE, small epithelir] cell

TF, thoracic fragment

AF, abdominal fragment

B, eytoplasmic bieh

Cl, clump of small

epithelial cells

CnB, cell body

CV, cellular vesicle

F, fibroblastlike cell

Fi, fibrillar process

G, granule

GT, gut fragment

HE, head explant

LE, large epithelial cell
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