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Abstract. Two Drosophila imaginal disc cell lines, Cl8+ (sensitive to 20-hydroxyecdysone, 20HE) and Cl8R
(resistant to 20HE) were exposed to the ecdysteroid agonists RH5849 and RH5992 and the ecdysteroids
inokosterone, makisterone A and muristerone A. All compounds tested were found to have similar effects on the
cells, comparable to the effects of 20HE, although at different concentrations. Cl8R showed resistance to all
compounds, again at varying concentrations. We conclude that it is likely that all the compounds tested use the
same receptors as 20HE, but show maximum effectiveness at different concentrations.
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Introduction

The use of Drosophila cell lines as research tools for the
study of hormone action has become well established in
recent years. Various lines have been used to investigate
the action of 20-hydroxyecdysone (20HE) in some
depth. However, the number of known ecdysteroids is
constantly expanding; the Ecdysone Handbook lists
over 200 compounds, not all of them ‘true ecdysteroids’
but including a large number of naturally occurring
zoo- and phyto-ecdysteroids [1]. In addition, nons-
teroidal ecdysteroid agonists, primarily RH5849 and
RH5992, have been added to the list of compounds to
be investigated.
In this laboratory we have developed a method to
obtain cell lines from the imaginal discs of third instar
larvae [2, 3]. A set of clones was derived from a wing
disc line; these vary in responsiveness to 20HE, and two
of them, Cl8+ and Cl8R, were used in this study.
Cl8+ is hormone responsive, while the subline Cl8R
was derived from Cl8+ by growing the cells in the
presence of increasing concentrations of 20HE until a
nonresponsive line was established [4]. This line is pre-
sumed to have lost most of its ecdysteroid receptor
content; at high concentrations of 20HE a response is
seen, so we cannot assume that all receptors are absent.
We wished to investigate the effect of some naturally
occurring ecdysteroids and the two nonsteroidal ecdy-
steroid agonists on these two cell lines.
The effects of 20HE on Cl8+ and Cl8R have been
previously characterized, and the responses resemble
those of a number of other widely-used lines [5–7]. In
Cl8+, characteristic morphological changes are ob-
served, cells stop proliferating, and enzyme induction
occurs. In the presence of concentrations of 2×10−8 M

(10 ng ml−1) 20HE and above, some cells produce
elongated cell processes and aggregate. Single cells or
small clumps produce layers of cuticle which may be
tanned. Many cells seem to have more inclusions or
vacuoles in the cytoplasm after hormone exposure.
Cl8+ also shows b-galactosidase induction in the pres-
ence of 20HE, as do a number of other lines [8]. Cl8+
also produces b-galactosidase in the presence of the
other ecdysteroids and ecdysteroid agonists used in this
study (data not shown). When originally established,
Cl8R was resistant to 20HE at a concentration of 150
ng ml−1 (approx 3×10−7 M).
The responses of Cl8+ and Cl8R to 20HE were used as
references to test the effects of a number of other
compounds. The nonsteroidal ecdysteroid agonists
RH5849 and RH5992, both of which mimic a number
of effects of 20HE, were used, in addition to the ecdy-
steroids inokosterone and makisterone A and the
phyto-ecdysteroid muristerone A [1, 6, 9–12]. RH5849
and RH5992 have been found to bind to the same
receptors as 20HE, RH5849 with about one-hundredth
the potency of 20HE and RH5992 more potent than
20HE by about tenfold [13].

Materials and methods

Cell lines were cultured in modified Shields and Sang’s
M3 medium supplemented with 2% fly extract and 2.5%
FCS [2, 14]. The cells were passaged at intervals of 7–10
days, with no hormone used in routine culture. The cells
used in the experiments were at passages 54–58, or
24–28 after cloning, within the usual age range of cells
used for experiments in this laboratory.
All hormones were tested at concentrations of 10−9,
10−8, 10−7, 10−6 and 10−5 M with hormone-free con-
trols. RH5849 and RH5992 (gifts from Rohm and
Haas) and muristerone A (Simes) were initially dis-* Corresponding author.
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Figure 1. (a) Effects of a range of hormones on Cl8+; (b) Effects
of a range of hormones on C18R. Treatments: 0=control, 1=
10−9 M, 2=10−8 M, 3=10−7 M, 4=10−6 M, 5=10−5 M.

one-way analysis of variance with a post-hoc Tukey test
(error rate 0.05) for statistically significant differences in
cell numbers at different treatments.

Results

The cell counts of cultures harvested after 7 days’ growth
in the presence of various hormones are represented
graphically in figures 1a (Cl8+) and 1b (Cl8R). In Cl8+
cultures, a statistically significant drop in numbers oc-
curred at 10−8 M muristerone A , 10−7 M 20HE,
inokosterone and makisterone A, and at 10−6 M RH5849
and RH5992. The groupings of hormones showing each
level of effectiveness can be clearly seen in the graph. In
Cl8R cultures, the equivalent drop in numbers was seen
at 10−6 M 20HE and 10−5 M inokosterone, makisterone
A, and RH5992. In Cl8R treated with RH5849 a signifi-
cant but less marked decrease also occurred at 10−5 M,
while muristerone A-treated cultures showed a relatively
small but significant decrease at 10−8 M, followed by
further marked decreases at higher dose levels. Muris-
terone A stands out from the other compounds as
markedly more effective on both cell lines. In most higher
dose levels, especially in Cl8+, the cell count indicated
fewer cells than the seeding level (3×106), due to cell
death and lysis. The approximate concentrations of
hormones required to cause a 50% drop in cell numbers
for each line are shown in table 1.
All hormones tested gave a similar response in that
lower treatment levels showed no effect, then a marked
drop in cell proliferation occurred before response lev-
elled off in higher doses with only a fraction of those
cells originally seeded remaining. In some cases an
intermediate level could be seen, usually much closer to
one extreme than the other. In a number of cases, a
common effect of an increase in cell proliferation at low
dose levels was observed (frequent in these cell lines,
and also noted elsewhere), but the increases were not
statistically significant in these experiments [15].
In Cl8R, resistance to the effects of all hormones was
exhibited, with effects similar to those shown by Cl8+
but at higher doses.
The morphological effects of all the hormones were
similar, as described above, differing only in the dose
level at which they were initiated. The first markedly
affected treatment for each hormone is shown in figure
2, together with two control cultures.

solved in ethanol before further dilution with culture
medium, while 20HE (Simes), inokosterone (Rohto) and
makisterone A (Simes) were dissolved and diluted in cul-
ture medium. The final concentration of ethanol in test
cultures was less than 1%, a concentration which has been
shown to cause no detectable difference in cell growth or
morphology in these cell lines (unpublished data).
Three cultures were set up at each concentration for
each of the two lines. Initial cell density was 3×106

cells per 5 cm dish in 5 ml medium. After 7 days cells
were examined, photographed and harvested. The cells
were counted using a haemocytometer, to derive a total
count of cells in that culture. Data were analysed using

Table 1. Approximate concentrations of hormone at which cell numbers were reduced to 50% of control levels (LC50) for the two cell
lines.

20HE RH5849 RH5992 Inokosterone Makisterone A Muristerone A

Cl8+ 6×10−8 6×10−7 6×10−7 4×10−7 5×10−8 6×10−9

Cl8R 3×10−6 - 6×10−6 5×10−6 5×10−6 6×10−8

Approximate
ratio of LC50 100 - 10 10 100 10
doses for Cl8+
and Cl8R
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Figure 2. Cells of Cl8+ treated with various hormones. (a, b) Controls (treatment 0), (c) 10−7 M 20HE (treatment 3), (d ) 10−6 M
RH5849 (treatment 4), (e) 10−7 M RH5992 (treatment 3), ( f ) 10−6 M inokosterone (treatment 4), (g) 10−7 M makisterone A
(treatment 3), (h) 10−8 M muristerone A (treatment 2).

Discussion

The morphological effect of all the compounds tested in
this study were very similar. The cultures shown in
figure 2c–h were indistinguishable. The difference be-
tween compounds lay in the critical dose level causing a
marked response. Muristerone A proved the most po-
tent compound, with an effect between 10−9 and 10−8

M in Cl8+. Makisterone A and 20HE showed broadly
similar effects, with the crucial dose between 10−8 and
10−7 M. The remaining compounds, RH5849, RH5992
and inokosterone, showed marked effects between 10−7

and 10−6 M, requiring higher dose levels than 20HE to
give the same effect. Levels of hormone about 10–100
times higher were required to stimulate the same re-
sponse in Cl8R as in Cl8+. In the case of RH5849, the
decrease in Cl8R at concentrations ten times those
showing a decrease in Cl8+ is not as marked, but still
significant. Cl8R treated with makisterone A shows a

significant decrease at concentrations 100 times those
required to affect Cl8+; the decrease occurring at 10−6

M is not statistically significant compared to the con-
trol.
Relative effectiveness of different compounds are in
broad agreement with previous studies mentioned in the
introduction. Moreover, Cl8R has retained its resis-
tance at about the same level recorded in 1992, despite
not being routinely cultured in the presence of 20HE for
at least ten passages. The cells were stored in liquid
nitrogen for about five years, which is not included as
part of their age.
As mentioned previously, it has been reported that the
ecdysone agonists bind to the same receptors as do
20HE and the other ecdysteroids [10, 13]. The similarity
of effects of the different hormones, in terms of mor-
phology, reduction in cell numbers and b-galactosidase
induction (data not shown) support this view. The
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fact that resistance to one hormone, such as C18R’s
resistance to 20HE, can confer resistance to the others
also offers evidence for common receptor; this has also
been noted in Kc cells [9]. Evidence from various stud-
ies suggests that the different potencies of the different
compounds could be dictated by affinity for receptor, so
that level of receptor binding dictates responses [13].
Tests of levels of biological activity RH5849 and
RH5992 have shown correlation between activity of the
hormone and binding affinity for ecdysteroid receptor
(EcR) [16, 17]. It is now known that there is more than
one form of ecdysteroid receptor in Drosophila, and
that ultraspiracle protein (USP) is required for binding
in most cases [18, 19]. In imaginal discs isoform EcR-A
seems to predominate, with EcR-B1 much more weakly
expressed. DHR38 can also form a heterodimer with
USP, competing with EcR and disrupting EcR/USP
binding to the ecdysone response element [20]. It seems
possible seven-up protein may also heterodimerize with
EcR, with a repressive rather than inductive effect [21].
Ecdysone response could be modulated by these effects,
or by limited concentrations of the various factors.
Furthermore, binding affinity of hormone for EcR may
be modified by the particular partner in complex with
EcR [22].
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