
plants exposed to ozone occurred after 
15 days and the number of flowers in- 
creased linearly but at about one-half 
the rate exhibited by the control plants. 

After 16 days there were roughly 
four times as many fronds in the con- 
trols as in the exposed plants. There 
were about six times as many flowers in 
the untreated plants as in the exposed 
plants. By the 24th day, after 8 days of 
ozone-free growth for both plant groups 
the gap between frond numbers had 
dropped slightly but the ratio of flower 
number between control and treated 
plants remained at about six to one. 

Among treated plants, frond size 
was slightly reduced, and fronds tended 
to separate more readily when mature. 
There was a slight degree of yellowing 
which was not visible in untreated 
plants but no bleaching or other gross 
injury ever appeared. 

These profound changes in popula- 
tion development and floral production 
occurred in the presence of amounts 
of ozone often encountered in the am- 
bient air of the eastern seaboard during 
summer days. These effects coupled 
with observations on inhibition of pol- 
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disruption of cell sheets. 

The hindgut of a diapausing lepi- 
dopteran pupa is a narrow tube lined 

by a simple epithelium that is, in turn, 
surrounded by a mass of ill-defined tis- 

sue, probably composed of larval mus- 
cle fibers, deteriorated cryptonephric 
Malpighian tubules and sheaths, and 
hemocytes. During adult development, 
this sheath disappears, and the rectal 
sac enlarges and fills with waste mate- 
rial. Only a thin muscularis remains 
around the adult rectum (1). 

The sequence of morphogenetic 
events involved in normal adult rectal 
development (1) has been reproduced 
by injecting molting hormone into 
diapausing pupae. We have now stud- 
ied this effect in vitro. 

We used diapausing pupae of the 
tobacco hornworm, Manduca sexta 
(Johannson), which were obtained by 
exposing the eggs and larvae to a short 

day photoperiod with 12 hours of light 
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len germination and tube elongation (6) 
suggest that low amounts of photo- 
chemical oxidants in the air environ- 
ment may exert a selective effect upon 
plant populations. 
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University of Massachusetts, 
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and 12 hours of darkness. After anes- 
thesia with carbon dioxide, the hindgut 
or posterior portion of the hindgut was 
removed, rinsed with three changes of 
culture medium containing a small 
amount of phenylthiourea to inhibit 
phenolases, and then placed in a Rose 
multipurpose culture chamber (2). The 
explanted organ was held against the 
glass coverslip by a strip of dialysis tub- 
ing (3). The assembled chamber was in- 
jected with Grace's insect tissue culture 
medium (Grand Island Biological) (4) 
as modified by Yunker et al. (5), and 
placed at 27 ?C; the medium was 
changed every 2 to 3 weeks. 

Two days after they were explanted, 
single cells began to migrate from the 
hindguts onto the cover glass. This mi- 

gration continued for several days or 
weeks, depending on the condition of 
the explant, and the migrating cells fre- 
quently formed into locally dense sheets 
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around the explant. These migrant cells 
flattened against the cover glass and 
extended long cytoplasmic processes 
that tended to join and form reticuli or 
contiguous sheets of cells (Fig. 1). 
When viewed under time-lapse photo- 
micrography, the cells moved with 
slow, gliding motions, and their cyto- 
plasmic processes exhibited little pe- 
ripheral activity. Examination of stained 
sections of explants cultured for sev- 
eral weeks showed that the hindgut 
epithelium was intact and appeared 
similar to that of normal diapausing 
pupae. However, the sheath of tissue 
normally surrounding the epithelium 
was considerably reduced in thickness, 
and the migrant cells appeared to origi- 
nate from the sheath. 

After several weeks in vitro, ten 
hindgut culture chambers were injected 
with ecdysterone (Mann Biochemical) 
dissolved in either sterile distilled water 
or methanol (nanograde, Mallinckrodt) 
(2 /zg/tpl); four control chambers re- 
ceived solvent alone. An additional 
series of four chambers was injected 
with 5 to 25 /zg of 22-isoecdysone per 
milliliter (6), a compound with no 
known molt-stimulating properties in 
Calliphora (7). Tests on diapausing 
hornworm pupae whose brains had 
been removed showed that 22-isoecdy- 
sone was unable to induce development 
at concentrations up to 25 ,ug per gram 
of fresh body weight, but ecdysterone 
at a concentration of 1 t/g/g stimulated 
adult development in similar pupae. 

Positive responses in vitro were elic- 
ited by ecdysterone at concentrations 
of 2.5 to 25 /zg per milliliter of culture 
medium as noted by a visible change 
in the behavior of the cells, whereas 
the controls remained unaffected. 

The cultures were photographed con- 
tinuously by time-lapse cinemicrog- 
raphy immediately before and for sev- 
eral days after injection. After a delay 
of from 8 to 20 hours after the addition 
of hormone, the normal, undulating 
movements of the membranes of the 
isolated migrant cells began to increase 
in speed and frequency, and the ran- 
dom movements of the cells over the 
coverslip became more rapid. This effect 
intensified for several hours and spread 
to the cells forming the dense sheets. 
Occasional connections sometimes 
formed between adjacent cells, but the 
general tendency was toward dissocia- 
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tion. Contiguous sheets of cells eventu- 
ally dispersed into groups of "excited" 
single cells (Fig. 2) that retracted their 
elongate processes and tended to be- 
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Cellular Response to Ecdysterone in vitro 

Abstract. Organ cultures of hindgut from diapausing tobacco hornworm pupae, 
Manduca sexta (Johannson), produce an abundance of migrant cells around the 
original explant. With time-lapse cinematography, these cells were seen to move 
slowly and tended to aggregate. The addition of ecdysterone (f/-ecdysone) to these 
cultures stimulated a large increase in individual cell movements and the eventual 
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come spherical. Highly excited cells ex-, 
tended and retracted short pseudopodia 
rather quickly and their peripheral cell 
membranes, particularly around the 
pseudopodia, exhibited small dentate 
projections. This increased membrane 
activity was often accompanied by the 
formation of pinocytotic vesicles in the 
cytoplasm. In hindgut cultures contain- 
ing adherent segments of pupal fat 
body, the dense fat-filled cells compris- 
ing this tissue disaggregated and moved 
independently in the chamber. En- 
hanced cell activity persisted in some 
degree for several days and then gradu- 
ally diminished to the original activity. 

No mitosis was ever observed in the 
migrant cells before or after hormone 
treatment. 

Further experiments of this type 
were conducted with larval and pupal 
hemocytes from M. sexta and the 
Grace RLM-10 insect cell strain. In 
five test chambers, both the larval and 
pupal hemocytes responded to ecdy- 
sterone treatment with increased mem- 
brane activity and cell movement, 
whereas four controls injected with 
solvent showed no such response. The 
RLM-10 strain of cells showed no re- 
sponse to any of the hormone doses 
administered. 

Fig. 1. Field of flattened migrant cells from explanted hindgut before addition of 
ecdysterone. Circle encloses one of the nuclei present in the field. Time in vitro, 35 
days. Fig. 2. Same field as Fig. 1, 2 days after treatment with ecdysterone (12.5 
ftg per milliliter of culture medium). Time in vitro, 37 days. 
26 SEPTEMBER 1969 

The stimulation of migrant cells, fat 
body, and hemocytes in vitro may du- 
plicate the response of these tissues in 
vivo to the elevated titer of molting 
hormone that terminates diapause and 
initiates adult development. The mi- 
grant cells observed in vitro bear strong 
resemblance to the sessile hemocytes 
that adhere to the surfaces of various 
internal organs during the pupal stage 
and which are stimulated to reenter cir- 
culation early in adult development (8). 

Similarly, the dissociation of fat body 
cells in vitro appears to duplicate the 
condition in vivo of this tissue during 
early adult development. During the 
first week of adult hornworm develop- 
ment, I have observed the presence of 
large numbers of droplet-filled cells in 
the hemolymph. The fat body at this 
time is extremely friable and will par- 
tially dissociate, when teased with dis- 
secting instruments, into individual 
droplet-filled cells identical to those in 
circulation. The dissociation of the 
pupal fat body in vivo and in vitro 
seems to be stimulated by molting hor- 
mones. 

Also, the rectal epithelium in cultures 
treated with hormones undergoes con- 
siderable expansion and a degree of 
histological differentiation (9). This 
lends additional support to the conten- 
tion that the effects obtained in vitro 
are related to normal in vivo develop- 
ment. 

The total inactivity of 22-isoecdysone 
both in vivo and in vitro indicates that 
the target tissues for ecdysterone pos- 
sess a strict hormone-specific mecha- 
nism involving the conformation of the 
22-OH group. 

KENNETH J. JUDY* 

U.S. Agricultural Research Service, 
State University Station, 
Fargo, North Dakota 58102 
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