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Cuticle Deposition in Imaginal Disks:

Effects of Juvenile Hormone and Fat Body in vitro

Abstract. Wing disks from the last larval instar of the Indian meal moth, Plodia
interpunctella (Hiibner), were successfully cultured in modified Grace’s medium.
20-Hydroxyecdysone induced cuticle deposition in these disks in vitro. This re-
sponse was enhanced by treating the medium with larval fat body and was
inhibited by application of juvenile hormone.

Increasingly, attention has been
focused on the action of insect hor-
mones on target tissues which grow and
metamorphose in vitro (/). After the
first report of hormone-induced meta-
morphosis in insect tissues cultured in
vitro (2), the action of the ecdysones,
but not of other hormones or tissues,
on in vitro cuticle deposition has been
studied (3). Some effects of juvenile
hormone in vitro have been reported,
but none of these involved cuticle dep-
osition (4). We report that 20-hy-
droxyecdysone (also known as B-ecdy-
sone, crustecdysone, or ecdysterone) in-
duced cuticle deposition in cultured
wing disks of the Indian meal moth,
Plodia interpunctella (Hiibner). The
deposition of cuticle in vitro was en-
hanced by fat body and inhibited by
Cecropia juvenile hormone (5)—a mix-
ture of isomers of methyl-10,11-epoxy-7-
ethyl-3,11-dimethyl-2,6-tridecadienoate.
This is the first example of an effect of
juvenile hormone in vitro on cuticle
deposition in imaginal disks.

The insects were reared according to
the methods of Silhacek and Miller
(6). The culture and dissection proce-
dures were the same as those described
for Galleria mellonella (Linnaeus) disks
(7, 8). Mesothoracic wing disks were
removed from final instar larvae and
cultured in modified Grace’s medium
(Grand Island Biological) (9), which
contains 10 percent whole egg ultrafil-
trate, 7 percent fetal calf serum, and 1
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percent albumin fraction 5. Unlike Gal-
leria wing disks, Plodia disks did not
survive in chemically defined Grace’s
medium, but remained healthy for about

1 month in the modified medium. Fat
body was taken from the mesothoracic

region of the same larvae as were the
disks, except that fat body from 18- to
21-mg larvae was used with disks from

the 8- to 11-mg larvae. Groups of ten

disks were cultured with or without fat
body for 24 hours before 20-hydrox-
yecdysone, in 10 percent ethanol, was
added. Some of the control cultures re-
ceived an equivalent amount of 10 per-
cent ethanol. Because of the difficulty of
solubilizing juvenile hormone in the cul-
ture medium, this hormone was first dis-
solved in dimethyl sulfoxide (Baker

analyzed reagent containing 99.9 per-
cent dimethyl sulfoxide), a method suc-
cessfully employed in the investigation
of p,p’-DDT effects on cultured tissues
(10). A portion of the juvenile hor-
mone—dimethyl sulfoxide solution (50
png/ul) was mixed with the culture
medium before addition of the disks.
An equivalent amount of dimethyl sul-
foxide was added to the control dishes.
Thus, the disks were exposed to juvenile
hormone or dimethyl sulfoxide alone
for 24 hours before the addition of 20-
hydroxyecdysone. The cultured disks
were observed regularly over a period
of 3 to 4 weeks. Our first experiments
confirmed that 20-hydroxyecdysone
without fat body stimulated tracheal
migration and elongation of the disks
as reported previously for cultured Gal-
leria disks (7).. A concentration of
0.05 pg of 20-hydroxyecdysone per mil-
liliter of medium stimulated tracheal
migration alone, and higher concentra-
tions caused hypertrophy of the peripo-
dal sac, elongation, and, in some cases,
tracheal migration.

We first examined the effects of 20-
hydroxyecdysone and fat body on wing
disks taken from mature, feeding larvae
(18 to 21 mg). None of the 70 disks
cultured without hormone produced
cuticle. Treatment with 0.5 ug of 20-
hydroxyecdysone induced cuticle depo-
sition in 13.3 percent of the disks. By
contrast, 63.3 percent of the disks cul-
tured with 0.5-ug hormone and fat body
made cuticle. Similarly, at higher con-
centrations of hormone (2 ug/ml, 5
pg/ml, and 50 pg/ml), fat body in-
creased the percentage of disks depos-
iting cuticle (Table 1). The cuticle pro-
duced by the cultured disks was tanned,
lacked scales or hairs, and looked like
pupal cuticle. Typically, this cuticle was
seen beneath the peripodal sac covering
one side of the disk. This is similar to

Table 1. Effects of fat body on cuticle deposition in cultured imaginal disks of Plodia
interpunctella. The cultures contained 10 percent ethanol. ‘

Donor Disks 20-Hydroxy- Disks
larvae examined Fat body ecdysone with tanned
(mg) (No.) (ug/ml) cuticle (%)
18-21 20 — 0 (no ethanol) 0
18-21 10 + 0 (no ethanol) 0
18-21 50 — 0 0
18-21 20 + 0 0
18-21 20 — 0.05 0
18-21 20 + 0.05 0
18-21 } 30 - 0.5 133
18-21 30 + 0.5 63.3
18-21 20 - 2.0 10.0
18-21 80 + 2.0 95.0
18-21 40 - 5.0 2.5
18-21 30 + 5.0 46.7
18-21 20 — 50.0 0
18-21 20 + 50.0 70.0
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Table 2. Effects of juvenile hormone on cuticle deposition in cultured imaginal disks of
Plodia interpunctella. The fat body, 10 percent ethanol, and dimethyl sulfoxide were present

in each of these cultures.

Donor Disks 20-Hydroxy- Juvenile wittll) ti:.lrﬁ'le d
larvae examined ecdysone hormone cuticle
(mg) (No.) (ug/ml) (pg/ml)
(%)
18-21 10 0 0 ) 0
18-21 50 2.0 0 54.0
18-21 50 2.0 100.0 38.0
12-15 90 2.0 0 72.2
12-15 80 2.0 100.0 .25
12-15 20 2.0 50.0 45.0
12-15 20 2.0 25.0 70.0
8-11 40 2.0 0 250
8-11 20 2.0 100.0 5.0

the development in vivo in which only
the external surface of the pupal wing
has tanned cuticle. Further compari-
sons with in vivo cuticle await a de-
tailed histological study. However, as
we know larval wing disks lack cuticle,
the deposition of cuticle in vitro is by
itself a suitable criterion of metamor-
phosis for this tissue.

We next determined whether or not
juvenile hormone would prevent depo-
sition of cuticle induced by 20-hydroxy-
ecdysone in vitro. Juvenile hormone
(100 pg/ml) caused a moderate inhibi-
tion of cuticle formation in disks from
18- to 21-mg larvae, and a pronounced
inhibition in disks from 8- to 11-mg
larvae. The most striking inhibition
was observed with disks from
12- to 15-mg larvae. Only 2.5 percent
of these disks made cuticle in response
to 20-hydroxyecdysone at 2 ug/ml, fat
body, and juvenile hormone at 100
pg/ml, compared to 72.2 percent with
20-hydroxyecdysone, dimethyl sulfox-
ide, and fat body. Dimethyl sulfoxide
alone had no effect on disks cultured
with fat body (Table 2). Disks cul-
tured with juvenile hormone appeared
healthy. Tracheal migration and elonga-
tion occurred even in disks in which
cuticle deposition was prevented by the
juvenile hormone,

Our observation that fat body po-
tentiated the stimulation of cuticle depo-
sition in vitro by 20-hydroxyecdysone in
Plodia imaginal disks is of interest in
view of the hypothesis that an inter-
action between fat body and a-ecdy-
sone may be important in the develop-
ment of the wing disks of Galleria (8).
Observations by Kambysellis and Wil-
liams (1) show that fat body may
contain a macromolecular factor (MF)
which promotes spermatogenesis in cul-
tured Cynthia testes. As they also report
that fetal calf serum, present in modi-
fied Grace’s medium used in our cul-
tures, contains MF, we believe that the
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fat body in our experiments supplied
an additional factor or that it may have
modified the 20-hydroxyecdysone mole-
cule to a more active form.

Our results show that Plodia disks
produced cuticle in response to 20-hy-
droxyecdysone in modified Grace’s me-
dium, although in an earlier experiment
Galleria disks did not do so when cul-
tured in chemically defined Grace’s
medium, which does not contain hemo-
lymph or other serum (7). To test
whether our new results were achieved
by changing the medium or the species,
we cultured disks from mature Galleria
larvae in modified medium with fat
body and 20-hydroxyecdysone. In these
experiments, small patches of cuticle
were observed in some disks, but there
was not the extensive cuticle deposition
seen in Plodia disks. The improved in
vitro responses in cultured Plodia disks
compared with the responses in Galleria
disks were due to a change in species
and perhaps, also, to a change in cul-
ture medium.

Our experiments in vitro suggest that,

as the wing disks of the last larval in-
star of Plodia mature, they become less
responsive to juvenile hormone but
more responsive to 20-hydroxyecdysone.
We believe that the inhibition in vitro
of ecdysone-induced cuticle deposition
may be an appropriate system for in-
vestigating juvenile hormone action.
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Agricultural Research Service,
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Water-Soluble Derivatives of A'-Tetrahydrocannabinol

Abstract. Al-Tetrahydrocannabinol, which is resinous and insoluble in water
and therefore difficult to study pharmacologically, can be converted to a water-
soluble derivative without loss of its biological activity. This has been achieved
by preparing esters bearing a nitrogen moiety with the use of carbodiimide as the
condensing agent. The availability of such water-soluble derivatives will allow
the evaluation of Al-tetrahydrocannabinol in self-administration studies in mon-
keys for its addiction liability potential in man. This technique of water solubili-
zation is also applicable to other compounds of chemical and biological significance.

Al-Tetrahydrocannabinol (A'THC) is
a resinous material which is insoluble
in water and is administered in various
solvents, such as polyethylene glycol,
Tween, triton, and alcohol, which are
not without pharmacological activity
(1). Hence, the need for a water-solu-
ble derivative of AITHC is apparent

(2). The availability of such a deriva-
tive should facilitate pharmacological
studies and allow evaluation in self-
administration monkey studies (3). An
ester derivative of A'THC is an obvious
choice, but so far the conventional
methods of esterification have not been
successful,
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