
FOR AID USE ONLYAIEtIC( FORl INTENNArIOI4AL OEVI:LOPMEIJTWASHINGTON. 0.C20523 Fa e ' e. 
SA. PRIMARYBIBLIOGRAPHIC INPUT SHEET ________

NO-0000
 ,. suBJECT Heal th N0-0000 
CLASSI-

FICATION B. 
 SFC 0 t4DAR Y 

Tropical diseases
 
2. TITLE AND SUBTITLE 

Long-term primary culture of cells of the mosquito Anopheles stephensi
 

3. AUT4IlOR(S. 
Rosales-Ronquillo,M.C.; Simons,R.W.; Silverman,P.H.
 

I5. NUMBEP OF PAGES I6. ARC NUMBER
 

197l2p.T ARC
 
4. DOCUMENT DATE 


7. REFERENCE ORGANIZATION NAME AND ADDRESS 
Ill.
 

8, SUPPLEMENTARY NOTES (Sponaorln Orgqnlza lo Publls ors, Avallablty) 

(InAnnals of the Entomological hoc.op Am.,v. 65,'no. 3,p.721-729) 

9. ABSTRACT 

11. PRICE OF DOCUMENT10. CONTROL NUMBER 

13. PROJECT NUMBER12. DrSCRIPTORS 

Cultures
 
Mosquitoes 14. CONTRACT NUMBER 

CSD-1432 Res. 
15. TYPE OF DOCUMENT 

AID 57O.1 (4-74) 



.t.II, - I ± 

Reprinted froni the 
ANNALS OF TME ENTOMOLOGICAL SOCIETY OF AMERICA 

Volume 65, Number 3, pp. 721-729, May 1972 

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

MARIA C. ROSALES-RONQUILLO, ROBERT W. SIMONS, Axn PAUL H. SILVERMAN
 
Department of Zoology, University of Illinois, Urbana 61801
 

ABSTRACT
 
Long-term primary cultures of cells in which frag-

mcnts of newly hatched larvae of 1olpheler stephensi
Liston (Diptera: Ctlicidae) serve as sources have been 
initiated. The various outgrowths which appear at dif-
ferent times during tie cultivation period .an he dis-
titguished iuorphologically as large and small epithelial
cells, fibroblastlike cells, neu ronlike cells,polygonal cells, 

A review of the efforts of several workers in their 
aim to cultivate ill vitro the sporogonic forms of the 
malarial parasite intlicates the need for an insect-
oriented environnent that will support the growth 
and development of the parasite (Ball and Chao 
1957; Chao ald Bal 1964; Ragah 1947; Schneider 
1968a, 1: \Valliker aIId Robertson 1970). Partial 
success has been reporited using cell-cutltired stil-
strate derived froiii tissues of the mosquito .Ah'des 
aergypti L. (Schneider 1968a, 1). 

This paper describes the establ isIiien t ,ifa lOIIg-
term primary cultire of mosquito cells derived frol 
newly hatched .lnophdes stephensi L.iston and the 
possible utilization of the culitu re system in the ill 
vitro cultivation of the mosquito-borne phase of the 
rodeIIt Malarial liIrasite 'lasmoodium berqlhei. 

,MATERIALS AND MlETItOh. €

Newly deposited eggs were obtai neil froni labora-
tory-bred .- maintained standardt.stephensi under 
coiditions in our laboratory (Alger and Undeen 
1970). Sterilization procedures were essentially the 
same as those described by Schneider (1969). Eggs 
were inctbated at 27"C intthe dark. Entbryogeny was 
completed in ca. 58 hr. alhtching took place at rooi 
tetlleratuire iintrypsinizel Rinaldini's salt solution. 

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

I Diptera: Culcidiae. 
2Supported by the Agency for International Development, 

U.S. Department of State, Contract AID/esd.1432. Cost of ex-
pedited publication paid by authors. Received for publication Jan.28, 1972. 

2 types of inyohlastlike cells, and noncellular and cellular 
vesicles. Viability of the various outgrowths for a period
of about 6(1days without change of tutrient nedil has 
been observed. Efforts are being directed toward de
veloping Ihe primary cell ctultutre into a receptive system
for the ill vitro cultivation of the sporogonic form of the 
malarial parasite I'lasmodolo berghei. 

tnder sterile conditions using sti'face-sterilized lultra
iicroprecisiont instrumnits (Trident). 

TeclhlitltesI used to expose anti to tdraw out tie 
entire digestive system intact were essentially the 
saein as those emlloyed li Ronqtillo (1968)' and 
Ronqttillo and Ilorsfall (1969). The intact gut and 
remaining bulk of tie larval Imiatrix were then cut 
into 1-3 inii' fragnents as suggested by Schneiiler 
(1967). These explants were pipetted into 2 ml of 
fresh trypsinized linalini's salt solition, and inci 
bated for 45 iiiin at 270C. One il inactivated foetal 
1bovinie sertim (FI'lS) was added to tile trypsinlized 
explants which were then allowed to stand for 5 rain 
at room temperatI-e. The trypsinized FlIS-treated 
explants were centrifiged at 500 rpii (RCIF = 36.3)
for 6 iiiin, restuspended in 1.5 nilof the ctltunie medi
tii, antI pilIette I into a culture flask. All ctltulres 
were kept at either 21--0.1 or 27±0.1°0C in the dark. 
The protocol for preparing the ciItture nteditini 

was outlined by Sclineider (1969). Ilowever, for our 
puirposes, the p-I of the iedium was adjusted to 
either 6.8, 7.0. 8.0,. or 8.5. Ctlttre media either with 
or without antibiotics were eniployed. 

This relort is based on exaniti Ition of 135 pri ni:i ry 
cultures which were initiated during the period Juilv 
1970 to Atigust 1971. The cltutres 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 celhtilhr 
outgrowths in the primary cultures has been made 

b 


3M. C. Ronquillo. 1968. Organogenesis of the female re.
productive systei of an aedine mosuijto. Doctoral dissertation,
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possible with jihase-coiitrast time-lapse cinephotonii-
crograilhy.' 

RES U , S 

.0!oolohycr 'ell Oulqro 'lhs,-Large ]:lithelial 
Cells (l.E).-These cells varied from rouid, ovoid 
forms to starlike couligurations (Fig. 1-3). Each 
cell had a large nucleus which was spherical or ir-
regular ill shape, a granila r cyhoplasinl, and at thin 
ileilllldoae ( at periphery. This lieliibraneaI tilt 

which was either slightly curled up or folded, was 

hardlyvisible in the mrer comliact, subspherical cells 

hut distinct in flat cell' ( Fg. 1, 11 ). These uisull-

lY large cells I)ecaMie eVideit 4 days after the initial 

seeding anid were gellerally attached to the glass. 

Each cell attallied its nmaxiimio size at ca. 20 days 

in culture and w-as ca. 121 t diam. As the culture 

progressed. small ovoid aiid Spimlt'-shalWd epitlelial 

cells (Fig. 6, SE) began to appear ill the vicinity of 

the large elpithelial cells (Fig. , .11). 


Each cell exhibited vigorous n ioriented gliding 
movement 3 (a.Ys after its alppearance. This activity 
was acconiallitcd bIy contraction and relaxation and 
a coilinial wavv motion of the tliii peripheral meie-
branle. The exteil ainl character of this type of 
Ilotiliy \';is best seen ill phlse-co trast time-lapse 
ciileplitoliicrograivplI. 

Cellular morplological changes and gradiual de-
clii e of motility \vere evident as tle cilIture aged. 
The cells assumled rouider. denser foriis by shriiik-
ing hack from their expanded -tate. Solime of these 
cells became increasiigly tilled W\ith higlIY refractile 
grantiles ( Fig. 3, (; and minute vacioles (V) ;ill-
pearing first around the niimcleus and finally tilling tile 
entire c ptoilasniic area. With passage of time, the 
large epithelial cells disintegrated, and the cell niim-
hrane rulltured, resulting iii the extrusioi of the Coli-
tents into tile iiutrieit inediuii. In some indi'idially 
scattered aging cells, tie cytol asm was transformed 
into a ietwork of file filrils aiid the iiuclei disiiite-
grated, resulting ill tile death of time cells (Fig. 3). 
liase-cntrast time-lalI.se cineliotonicrogrl)iv did 

not show evidence of proliferation and pliagocytosis. 
Small lIitheli;il Cells (Sl).-Simall ovoid and 

spiiidle-slhal;ed elithelial cIls were observed iii the 
2nd week of cultivation. 'ach cell was characterized 
iby .i roitid iticletis amnd a cytollaslil filled with I il-
lite t rop)lets and fil e granmu les (Fig. 4,). TIie average 
diameter of the cell was ca. 40 I. These cells becamii e 
allrent either near the vicinity of the large epi-
thelial cells ( Fig. 6) or activel' imigrating from 
tissue fragments I Fig. 4). Occasionally myoblast-
like cells (ty'o) appeared siinltiicously' with the 
actively migrating smll epitlieialI cells. 

The interval betwveen 15 aird 35 days after the 
initial seeding was oiie in which tie cells hegaii 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 cuilture field (Fig. 5). 

Mitotic figures were frequently seen in the out
growth. During the Ist 3 days of their alppearance, 
these cells were adherent to the glass and station
ary. Later, they hega i to show oscillating 0'love
ieits which lasted for ca. 20 days in culture. \s 

tile culture aged, this motility decreased gradually 
until it finally ceased. The cells tended to pile tip I 
some areas to form small clusters or thick discs of 
cells ( Fig. 7). This morphol gical alteration during 
the process of inoniolayeriig of the cells on tle glass 
occurred \\'heu growth activity reached its peak (35
45 days after the initial seeding). 

C*vtolysis of the cells becamie evident ca. 6 days 
iiifo the culture period. The cells I.canie highly re
fractile and vacuolated. assuming irregular forms 
amnd losing their adhesion to the glass (Fig. 81. 
Occasionally, floating sheets (f cells consisting of 
both large and siimall epithelial cells became al)ppaient 
at the surface of the culture Iiedilii. Survival time 
was short, lasting only 25 days. 

Firoldastlike Cells (IF).-This type of cells lie
came apparent 10 days into the culture period. illi
grating ilidepeldlently of omueamuother from tissue 
fragments ( ig. 9). The cells vere irregular ill size 
and shape. lach cell had either an oval or elongated 
illicleils. ;and a cy tollaISIlm Which was dlra VII 0t ilto 
Ole or more processes of variable length. 

The interval betwveen 10 and 35 days after the in
itial seeding was characterized by continual cell iii
gration from the explatits. As cultivation proceeded. 
rapid cell l)rlifer:ltiomi was evidenit a11d a dellse 
potIilatioil consisting of scattered discrete filbroblast
like cells becanme apparent (Fig. 10). 

Fibroblastlike cells migrating from explalits moved 
readily toward free spIaces in aii aparently random 
pattern. :\i analysis of time-lapse phase-contrast 
ciieellotoiiiicrogralhy of the iliovelelint of a cell 
showed that a thi fanlike membrane (Fig. 11, Al ) 
-it one edge of tiie cell iiidervet a continual timlo
latillg movement, leading tile 'ell as it ioved ahout. 

Signs of cellular degeneration were evident by the 
ti me the culture was 55 days old. There vas cessa 
till of cell movement, change in shape. increasing 
refractility and vacuolation, and loss of adlieion 
to the glass. 

'olygonal Cells (l').-These cells were large, flat, 
polygoial, and formed a contigtous sheet around 
the explait ( Fig. 12-14). Each cell had a well
defi ned, centrally placed slpherical niticleus, a proiim
inent nucleolus, and a clear, nearly granuile-free cyto
p lasni. Each cell \was ca. 80 p diai. 

This type of outgrowth became evident by the time 
the culture was 10 days old. Growth duriig the next 
31 days was cliaracteriz.ed by an increase in the tntinl
her of cells from ralid cell proliferation and active 
migratio of cells from the explants (Fig. 14). Ali
tosis usually occurred iii the cells that were located 
at the periphery of the growing cell sheet. Occasion
ally. binucleated cells were noted with the niclei situ

ated close to one another (Fig. 13). Ii somi ex-
A sequceC o~f this itimeiaj-se stuies will ble .;iti t) *iplants, fiberlike elements migrated together with the 

the film library of the Tissue Culure Association. polygonaI cell13 in a contitous slictlike pattern. 
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Fin. 1-6.--.A. stepiensi primary tissuc culture. Phase contrast of living cells (Fig. 1-5) ;optical shadow casting of living cclls (Fig. 6). 1, Large eithelial ells, (19 (lays). 2, A large epithelial cell in the process offshrinkag, (35 days). 3, Aging large epithelial cell, (45 (lays). 4, Small epithelial cells migrating from athoracic fragment, (19 (lays). 5, A portor of the culture field showing a large population of small epithelialcells and a few myoblastlike cells, (15 days). 6, a group of large and small ep~ithelial cells, (30 days). (Scalelines on Fig. 1-6 relpresent 50 i..) 
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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 glass. Wavelike 
activities of the membranes at the free edges of the 
marginal cells could be seen as the sheet of cells 
moved. Behavioral differences among the cells wvere 
observed in response to the activity of the peripheral 
cells. Submarginal cells in contact with the peri-
pheral cells were markedly stretchd, assuming a 
characteristically pedunclar appearance with no spe-
cific pattern of orientation (Fig. 13). Cells which 
were iore or less near the explant retained their 
polygonal forms and hecame radially oriented with 
respect to the rest of the cells (Fig. 14). 

Cell degeneration started by the time tile culture 
was 50 (lays old. Strings of small cytoplasmic hub-
les developed at the periphery of the cell sheet. The 
cells became highly refractil and vacuoles formed 
within tile cytoplasn. Adhesion of the cell sheet to 
the glass decreased as degeneration progressed. By
the time the culture was 60 days old, a noidescrilpt 
monolayer was detectable. 

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

In the Ist type, the cells were conspicuously long
and slender. Each cell consisted of a prominenit ceil-
tral body containing an ovoid nucleus and a cvto-
plasiii which was drawn out into long threadlike 
processes. The cells, in their emergence froni the 
explants 7 days after initial seeding, appeared either 
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 either between 2 myo-
blastlike cells or under a myoblastlike cell moving 
between it and the glass, 

Rhythmic contractile activity independent from 
that of tile source of origin was aplarent either in 
an individual otyoblastlike cell or an agglomeration 
of similar cells. Some activities vere strong, others 
weak; however, both activities lasted for as long as 
15 days. These contractile elements remained i-
attached to the glass at the middle of tile strand dur-
ing their active period. However, as activity de-
clined, the whole strand tended to adhere to tile 
gla.ss surface. Degeneration was characterized by 
the appearaiice of strands of coalescing blebs (B)
along the cytoplasmic extensions (Fig. 18). As the 
culture aged, these lebs increased in numer and the 
cells iecame detached from tile glass. Ultimately, 
the cells were seen floating oil the surface of the 
medium. 

In the 2nd type of myohlastlike 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 striation,- and several nuclei be
catne evident as the outgrowth aged. The gut frag
ients (GF) that gave rise to this type of outgrowth 
exhibited rapid waves of movement typical of gut
peristalsis, lasting for 3 weeks in culture. As cultiva
tion progressed, the gut fragments lost their motilitv 
as well as their integrity, becoming deformed, smalle'. 
and darker. On tile other hand, the outgrowth began
to show twitching movements that lasted for a week. 
As the outgrowth aged, nlotility decreased, adhesion 
of the entire outgrowth to the glass became apparti
and numerous uinute nodules appeared throughiut 
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 tie thorax and abdomen during 
the 2nd week of cultivation. Characteristically. each 
cell consisted of a cell body (CI3) with very linle 
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 niultibranclied form ( Fig.
20). No evidence of pulsatile activity was observed 
aniong these outgrowths. As the culture aged. the 
outgrowth became dense and very complex. Cross
connections occurred between the cell bodies and be
tween fibrillar branches of the cells. A character
istic affinity of tile tip of the fibrils to neighborilg 
large epithelial cells (LE) and myoblastlike cells 
(Myo) was obse.ved during the cultivation period 
(Fig. 20). 

These neuronlike cells survived well for aii cx
tended period of tile. Degeneration which occrireid 
on the 8th week of cultivation was characterized hv 
the loss of cross connections between cell bodies anI 
between fibrils, and detachments of the cells froit th. 
glass. 

I'esicles.-These outgrowths became evident ,i
the 2nd week of the cultivation period as small, Il
low, transparent, spherical vesicles at the cut edges 
of the thoracic and abdominal fragnments. The ntom
ber of vesicles that o'iginated from a specific cut 
edge of a fragment ranged from I to 5. They rc
mained attached to the fragnent throughout the cll
tivation period. Two types of vesicles ''ere apparmit 
during the culture period : cellular (CV) and jiiii
cellular (NCV) (Fig. 21, 22). 

(;rowth of tile cellular sphliere was characterized 1*v 
an increase in size froii the rapid proliferation of the 
cell population. A mature vesicle consisted of a 
single layer of either s( tamioms cells (Sq) (Fig. 23' 
or small epithelial cells (SE) interspersed with 
ibroblastlike cells (F) (Fig. 22). li vesicles with 

squanious cells, thickening of sone areas whichl was 
followed by a conspicuois darkening process was ap
parent. As the culture aged, the cells tended to ag
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FIG. 13-18.-A. slephensi 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 (lays). 15, Myoblastlike cells drawn into thin sheets, (10 days). 16, In
terlacing myoblastlike cells from thoracic and abdominal fragments, (32 days). 17, Myoblastlike cells and large
epithelial cells from thoracic fragments, (14 (lays). 18, Degenerating myoblastlike cells, (57 days). (Scale
line on Fig. 13-18 represents 50 p.) 
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FiG. 19-24.-A. stephensi primary tissue culture. Phase contrast of living cells (Fig. 19-21, 23-24) optical 
shado3w casting of living cells (Fig. 22). 19, Neuronlike cells, (30 days). 20, A group of tieuronlike, myo
blastlike, and large epithelial cells, (27 days) ; arrow points to affinity of tips of neuroulike cells to a large 
epithelial cell and a myoblastlike "z.1. 21, Abdominal fragment with noncellular vesicle (10 days). 22, Cellular 
vesicles from abdominal fragment, (34 days). 23, Squamous cells of a cellular vesicle, (30 da)s). 24, Clumping 
of cells of a cellular vesicle, (67 days). (Scale lines on Fig. 19-24 represent 50 p). 
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gregate, giving rse 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 cultivationl period. Noncellular vesicles remained 
small and persisted as such 'Iroughoot the cultiva-
tion period (Fig. 21). 

The survey of se\'eral Ipublications on primary ill-sect tissue culture involving the use of different 
organs from donors of different species and ages as
Sources .shows an emerging similarity of the out-
growths diring the cultivation period (Trager 1938;
IIirumi and Maraimorosch 1964a, b; Eide and Chang
1969; Greenberg and Archetti 1969; Echalier and 
Ohlnessian 1970; Shields and Sang 1970; Richard-
son and Jensen 1971 . In the present study, the
cellular otigrwths in the primary culture (in which 
newly hatched !arvae of A. stephcnsi served a., the 
so urcV, resembled some of the outgrowths reported
bY the aforcmentioned authors. The primary culture
consists of 9 different types of outgrowths which 
all tar at different ti ines during the cultivation peri-
od. The out,'rowths 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 cMll-
lar vesicles, 

'AIoilt of interest iii the present study is the con-
sistent lattern of events that has been observed iii 
all the culture ilasks examined during the cultivation
period. A lattt period is maintained for 2 days after 
exli amatiin. Ott the 3rd day, some explants become 
attached to the glass and begin to exhibit pulsatile
activities. Then a seijuential growth of the different 
types of cells arising either from the peripheries of
the t'Xlilants or from a dissociated suspension of cells 
occurs. First to alpear in the culture field are the 

large and small elithe!ial cells. They are followed by

fibrillike elements among which 
 the niyoblastlike

cells tend to predominate over the neuronlike cells. 

Then fibroblastlike cells and contiguous polygonal

cells become aliNlretit. The latter are closely followed 

by the appearance of .ioncellular and cellular vesicles. 

The events just described are followed by a period of

active cell migration, nmultiplication, and in some 
cases, cellular differentiation. These activities reach 
their maximum during the 5th week of cultivation,
This period is followed by a gradtal decrease in ac-
tivities that leads to a period of degeneration.

Degeneration is indicated by behavioral as vell as
morphiological clhallges: lo:;s of motility; loss of ad-
hesiveiiess to the glass; withdrawal of cytoplasmic 
processes, rounding off and eventual shrinkage ofcells; increased refracti\'it., granuoolation, and vacu-
olatio; ad appearance of blebs and characteristic 
chstering of cells. Echalier and Ohiatiessian (1970)
reported that the clustering of cells may result from 
loss of coitact inhibition during tie titoitola'ering of
cells. Eide and Chang (1969) showed by time-
lapse study that clusteritng is the result of rapid cell 

[Vol. 65, no. 3 
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 alterations during degenera
tion may result from nutritional depletion or t(,xicitv
caused by the accumulation of metabolic wastes. In'
terpretation of any apparent behavioral and morplho
logical alteration in the primary insect tissue culturerequires further critical analysis and definitely re-
Mains to be exp!ored.

\Ve have demonstrated that the primary culture of
cells derived from newly hatched larvae canlbe main
tained for 60 days without changing the nutrient
medium. This long-term maintenance of viable out
growths in culture is of great value becauise 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 efforts are being directed toward developing the
primary cell-cultured substrate aninto efficient one
in the hlope that it will supplort 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 Itiedium and preparations of explants \\ere 
done tirder strictly aseptic conditions. Presently,
viable primary cultures grown in antibiotic-free 
tnedia are being maintained in this laboratory.

Partial success in the in vitro cultivation of the
sporogonic forms has been reported by several work
ers %%]hen stpplements of adulIt organs were iucor
porated in either a cell-cultured system or- chemically

defined substrate (Chao 
 and Ball 1964, Schneider
 
1968a, \;alliker and Robertson 1970). The need,

therefore, for sterile organs 
arises. Attempts to rear
A. stephnsi aseptically have been successful in this

laboratory (manuscript in preparation) and availa
bility of gerni-free adult mosquitoes has great poten
tial value to the present research. Organs which
 
were taken from newly emerged 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 
hialthy aiid viable for as bug as 30 days yithott
loss of integrity; there is no sign of morphological
alteration and there are persistent marked behavioral
activities such is 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, Iliff 1940, Ball and 
Chao 1957, Chao and Ball 1962) ; development of tilemosquito phase of PhIsmtodium relichmon is accelerated 
as temperature is increased from 18 to 31C. Yoeli 
et al. (1965) showed that in vivo, the sporogonic de
velopilet of a Straiil of 1. bergqhei takes place within 
a narrow temperature range (18-22C). 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 ebservcd that a sini-Jarattern of celhllur 
outgrowths and viability of the cells exists il itoc cul-
tures incuiated at either tempcrature. However, a 
longer latent period after explanation has heen 01-
served ill tie ctiltt~es incubatedl at lower temnt"-
tires than ill the ones at higher temperatures. 

It has been shown by some workers (Micks and 
lFergusot 1961, Chao and IBall 1964, Schneider 
1968i) that thte pIt requtirement of each state of the 
sporogonic cycle during ill vitro devebclimlent is ex-
acting. ,. pl-I close to 7 supports the development 
of ear ly stages ntllda pit of 8 is favorahle to tile Iate 
sporogoillc forms. In view of this observation, we 
are directing otr efforts toward lpro-cedural mmdifica-
tiolts to maintain the piI of the substrate wiithin the 
required limit of the parasite ill ciitivatiot. Work 
in progress shows that cell-ciltured substrates can le 
established ili nutrient media herein tile p11 \'I s 
initially adjusted at either 6.5, 7, 8, or 8.5. 1'relim-
inary results show that the outgrowths grow e(ittilly 
well' within a pi1 range of 6.5-8. Furtlirniorv. a 
slight fall illp1I level of the ledituui from the iltitial 
level is noted on tite 4th week of the cultivation ltri-
oil. Fiurther work along this title is still in progress. 

Exploratory exlperiments in the iti vitro cultiv'ation 
of tlie prasites. w htich ia e no w in prog ess i ot-
laboratorv, show that the priniary cell substrate *i1-
pears to be a receptive system for the dcveloment 
of the parasite. 
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AIREVIA"IONS USE) ON FiGURESill 

AtF, abdominal fragmeint I, nimemrane 

11, cvtoplasmic )leb Myo, iioblast like cell 


Cl,ch1nlli of s all
I 

N, 
" 

uclesis 
epithelial cells Ni. mcleolis 

ClI, cell body NC, nettronlike cell 
CV, cellular vesicle NCV, noncellular vesicle 
F, fibroblastlike cell PC, lIeldtictlar polygonal 
Fi, fibrillar process cell 
G, grantile SI squalious cell, 
6 F, gttt fragment SE, small elitlielirI cell 
]IE, head explant TF, thoracic fragnent 
LE, large epithelial cell 
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