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The location of GRF-LI neurons in the preoptic nucleus 
in rainbow trout was consistent with that found in cod- 
fish (Gadus morhua)12. The relation between these two 
GRF-containing nuclei (NLT, NPO) in fish is unclear. 
However, immunohistochemical evidence from rats 
showed that GRF-LI neuronal processes from ARC, 
VMN and other areas of the hypothalamus reach anteri- 
orly to the preoptic area (POA) 22. Moreover, the POA is 
known to be the area containing somatostatinergic neu- 
rons 29 and in association with the inhibitory control Of 
GH secretion in rats 12. This information implies the ex- 
istence of a complex relationship among hypothalamic 
nuclei in regulating GH release. 
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Summary. A new class of anti-juvenile hormone agents is described. Active anti-juvenile hormone compounds were 
either diazine thiosemicarbazones or aryl substituted pyridyl thiosemicarbazones, synthesized from substituted 
benzaldehydes. While many analogs in these classes showed feeding and growth inhibition in a variety of insects, a 
select group caused formation of precocious pupal characteristics in Agrotis ipsilon (black cutworm) and Heliothis 
virescens (tobacco budworm) and black cuticle and precocious pupae in Manduca sexta (tobacco hornworm). They 
were active only by diet incorporation. The symptoms of precocious development could be reversed by co-adminis- 
tration of a juvenoid. One of the active compounds was shown to inhibit juvenile hormone biosynthesis in vitro by 
corpora allata of the cockroach Diploptera punctata. However, none of the compounds were active inhibitors of 
purified chicken liver prenyl transferase. 
Key words. Thiosemicarbazones; anti-juvenile hormone; insect growth regulator; Lepidoptera; juvenile hormone 
biosynthesis inhibitor. 

The search for new classes of insect growth regulators has 
been hampered by our lack of knowledge about the insect 
endocrine system and the paucity of different classes of 

compounds active in agronomic situations. At present 
only the benzoylphenylureas, exemplified by difluben- 
zuron and the newer more potent analog CGA-112 9131 
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and the juvenile hormone analogs such as methoprene 
and fenoxycarb 2 are used to control agricultural pests. 
The juvenile hormone system of insects has been often 
quoted as being a desirable site of attack for novel pesti- 
cide synthesis. In theory, compounds which would accel- 
erate metamorphosis and thus shorten the insect's de- 
structive larval stage would be most suitable for 
agricultural situations. Unfortunately only a few chemi- 
cal classes have been shown to have anti-juvenile hor- 
mone activity against the Lepidoptera, the most impor- 
tant order of pests, and in no case has the activity been 
of commercial level 3. In this report we reveal a novel 
class of anti-juvenile hormones which acts against Lepi- 
doptera, some of the structure-activity relationships 
within this class, and evidence supporting juvenile hor- 
mone biosynthesis inhibition as their possible mode of 
action. 

Materials' and methods 

Synthetic methods'. The pyridine and pyrazine thiosemi- 
carbazones were prepared from the corresponding car- 
bonyl compound by condensation with a carbodithioate 
followed by displacement of methanethiol with pyrro- 
lidine4 or by condensation of the carbonyl compound 
with pyrrolidine thiosemicarbazide in methanol 4. 
Some of the aryl pyridine carbonyl compounds were 
known 5. The synthetic routes previously utilized were 
not regio-specific, producing several isomeric aryl-pico- 
lines. As only the 6-aryl pyridine thiosemicarbazones 
were active, a regio-specific synthesis was required. A 
general and efficient route 6 afforded the 6-aryl picolines 
in good overall yield. Selenium dioxide oxidation 5 gave 
the desired carbonyl compounds. 
Biology. Larvae of the tobacco budworm Heliothis' vires- 
cens E (U.S.D.A), tobacco hornworm Manduca sexta L. 
(Carolina Biological, USA) and black cutworm Agrotis" 
ipsilon (Rohm and Haas culture) were all raised from the 
egg stage on commercial black cutworm diet (Bioserv, 
USA) at 26~ 16L:8D photoperiod. Newly ecdysed 
penultimate instar budworms (4th instar), hornworms 
(4th instar) or cutworms (5th instar) were placed on diet 
into which had been incorporated the compound by ad- 
mixing a solution of 0.5 ml DMSO/acetone (1:1) con- 
taining the compound into 100 ml of diet while it was 
fluid (65 ~ The test larvae were kept in individual con- 
tainers. The budworms were observed after 10 days and 
the hornworms and cutworms after 14 days for morpho- 
logical outcome, and especially for growth inhibition 
and/or precocious pupal cuticle formation. ECs0's were 
the dosages wherein 50 % of the larvae displayed preco- 
cious pupal cuticle or other anti-JH signs, based on eye- 
fitted log dose-response curves. When the juvenoid 
fenoxycarb 7 was used, it was mixed directly into the 
same diet as the anti-juvenile hormone compound. Inhi- 
bition of juvenile hormone biosynthesis in isolated cor- 
pora allata was performed as described previously 8. In- 
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hibition of purified chicken liver prenyl transferase was 
performed by a modification of the methods of Rilling 9. 
The enzyme was kindly donated by Prof. C. D. Poulter 
(Univ. of Utah, Dept. of Chemistry). The candidate 
thiosemicarbazone was preincubated with the enzyme for 
10 min by addition of I ~tl of DMSO solution to 90 ~tl of 
the enzyme, before adding substrate. The reaction was 
allowed to proceed for 10 min, before termination by 
addition of 200 ~tl methanol-cone. HC1 (4:1). Isooctane 
(1 ml, Burdick and Jackson, USA) was used for extract- 
ing the 14C-labelled farnesol. A 500-gl aliquot was re- 
moved for liquid scintillation counting. 

Results and discussion 

Figure 1 shows the anti-juvenile hormone effects of these 
compounds on three lepidopteran species. Tobacco bud- 
worm larvae gave the most consistent dose-dependent 
responses, ranging from larviform pupae to almost per- 
fect tiny premature pupae. The responsive black cut- 
worm showed heavily sclerotized pupal patches but 
never produced a perfect premature pupa, even at high 
doses. The tobacco hornworm larvae characteristically 
responded with a gradient of morphologies even at a 
single dose, ranging from larvae with blackened head 
capsules to black fifth instars to larviform pupae, all 
indications of juvenile hormone deficiency in this insect. 
The compounds were ineffective by topical administra- 
tion or when sprayed leaves were fed to larvae. The rea- 
sons for this are currently unknown. 
The structure-activity relationships displayed by the 
thiosemicarbazone anti-juvenile hormones are shown in 
table 1. It is immediately apparent that compounds ac- 
tive against the tobacco budworm require an ortho-sub- 
stituted phenyl in the 6-position of the pyridine. The best 
substituents are C1, Br, F and methyl. Ortho CF 3 and 
2,4-dichloro are moderately active, while compounds 
substituted in the meta or para position were completely 
inactive as anti-juvenile hormones. Thus it appears that 
steric effects are more important than electronic effects in 
eliciting anti-juvenile hormone symptoms. Interestingly, 
the ortho-substituted compounds active against the bud- 
worm were merely growth inhibitors against the black 
cutworm; however the pyrazine derivative (compound 
17 4 ) led to growth inhibition and pupal patches in the 
final larval instar of the cutworm. This is the first known 
report of anti-juvenile hormone effects on the black cut- 
worm. Analogs containing unsubstituted phenyl, com- 
pounds without the phenyl, or alkyl or aryl substituents 
at other positions in the pyridine ring were completely 
inactive as anti-juvenile hormones. Likewise, major mod- 
ification of the thiosemicarbazone moiety lead to a com- 
plete abolishment of anti-JH activity, though the reduced 
form (compound 8) is as active as compound 1. Many of 
the thiosemicarbazones were powerful antifeedants. 
Strong growth inhibition and delayed development are 
always associated with observed anti-JH effects in these 
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compounds. While controls show the usual dramatic 
weight gain, animals undergoing precocious develop- 
ment remained stunted. While it is commonly observed 
that poor nutrition or starvation can lead to formation of 
supernumerary larval instars 10, we observed exactly the 
opposite effect in these small larvae. As expected, the 
intoxicated tobacco budworms and tobacco hornworms 
initiated premature wandering and burrowing behavior 
before the precocious pupation. No premature develop- 

Experientia  45 (1989), Birkh/iuser Verlag, CH-4010 Basel/Switzerland Research Articles 

ment was observed in instars before the penultimate to 
final instar molt. When the juvenoid fenoxycarb was 
admixed with compound 1 at different concentrations 
and given to 4th instar tobacco budworm larvae, there 
was a dose-dependent increase in the number of final 
instar larvae produced, as opposed to precocious or larv- 
iform pupae (table 2). This clearly shows that the anti-ju- 
venile hormone effects of compound 1 can be eliminated 
by a juvenoid. Additional experiments show that this 

Table 1. Anti-juvenile ho rmone  activity o f  th iosemicarbazones  towards  
penul t imate  instar  Lepidoptera  larvae* 

C o m p o u n d  Structure  

Figure 1. Anti-juvenile hormone  effects o f  th iosemicarbazones  on  3 lep- 
idopteran  species. A Manduca sexta. F r o m  top to bo t tom;  cont ro l  wan-  
dering fifth instar,  control  day  1 fifth instar,  c o m p o u n d  1-treated black 
fifth, c o m p o u n d  1-treated precocious wanderer .  B Heliothis vireseens. 
Top cont ro l  pupa ,  lower 3 c o m p o u n d  1-treated precocious pupae .  C 
Agrotis ipsilon: Top 2 cont ro l  sixth instar  larvae, lower 4 c o m p o u n d  
17-treated larvae possessing pupal  cuticle. Marker  in all figures = 2 cm. 

ECso (ppm in diet) 
H, vires- A. 
cens~ ipsilon b 

* Expressed as dosage where 50 % of  larvae demons t ra te  precocious pu- 
pal  cuticle or  other  anti-juvenile ho rmone  signs af ter  incorpora t ion  o f  
c o m p o u n d  into the artificial diet; n _> 10 per dose, with a t  least 4 doses 
per  t reatment .  Experiments  where response was  observed were replicated 
at  least 3 times, a Respond ing  animals were either precocious pupae  or 
larvi form pupae,  b Respond ing  animals were last instar  larvae possessing 
pupal  patches.  ** The k n o w n  2-acetylpyridine th iosemicarbazone A 4 ex- 
hibits only g r o w t h  inhibit ion bu t  no anti-juvenile ho rmone  activity 
agains t  any  o f  the test species. 

R S 
X 

**A X = H R = Me 14 > 1000 > 1000 
1 X = 2 C 1 P h R = H  50 > 100 
2 X = 2 F P h R = H  70 > 100 
3 X = 2 M e P h R = H  70 > 100 
4 X = 2 B r P h R = H  70 > 100 
5 X = 2,4 CIPh R = H 90 - -  
6 X = 2 CF3Ph R = H 100 > 100 
7 X = 2 C1,3,4 d ioxo lanoPh  R = H 150 > 300 
8 50 ~ I $ 

H 
9 X = P h R = H  > 1 0 0 0  > 1 0 0 0  

10 X = 4 BrPh R = H > 1000 > 1000 
11 X = 4 SMePh R = H > 1000 > 1000 
12 X = 20 MePh  R = H > 1000 > 300 
13 X = 2 C1, 5 NO2Ph  R = H > 1000 > 100 
14 > 300 > 300 

N 

15 X = 2 , 5 M e P h R = H  > 100 > 100 
16 X = 4 F P h R = H  > 100 > 100 
17 u ~ ]  ~.. > 100 30 

H 
18 X = 3 C1Ph R = H > 1000 
19 X = 3 BrPh R = H - -  > 1000 
20 X = l -naph thy l  R = H - -  > 100 
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Table 2. Inhibition of thiosemicarbazone-induced precocious develop- 
ment in L4 H. virescens larvae by co-administration of fenoxycarb in 
artificial diet* 

ppm ppm Normal L5 w/tan Precocious Precocious 
compd 1 fenoxycarb L5 pupal larviform pupa 

patches pupa 

100 0.0 0 0 50 50 
100 0.01 0 0 60 40 
100 0.1 0 10 90 0 
100 1.0 0 100 0 0 
100 10.0 100 0 0 0 

0 I0.0 100 0 0 0 

* n = 10 or more larvae per treatment. 

'rescue effect' can be elicited if the animal is fed com- 
pound 1 for less than 3 days; after this time the animal 
is apparently committed to precocious development. In 
an attempt to determine the reversibility of the inhibitory 
effect, corpora allata of precocious wandering larvae 
were removed and implanted into black 4th instar Man- 
duca sexta larvae (a JH-deficient strain) 1 t, before spira- 
cle apolysis. When the hosts were allowed to molt to 5ths, 
there was not a consistent ability to maintain black host 
pigmentation. Many of the hosts molted to green 5ths, 
indicating that the implanted corpora allata had become 
active again. Thus, presuming that the thiosemicarba- 
zones were affecting JH biosynthesis, the effect seemed to 
be reversible (note that normal 5th instar wandering lar- 
vae have corpora allata which are inactive in this assay, 
resulting in hosts which molt to a black 5th). Compound 
1 does not inhibit purified chicken liver prenyl trans- 
ferase enzyme at concentrations up to i x 10 .4 M. All 
assays were performed at enzyme concentrations and 
times which were well within the linear portion of the 
respective curves. Other anti-juvenile hormones such as 
the a[lyl alcohol derivatives 13 are thought to act on this 
enzyme. Incubation of compound 1 with isolated corpo- 
ra allata of the cockroach Diploptera punctata led to the 
dose-response relationship seen in figure 2. Thus the 
ECso of compound 1 in this system is 50 gM. These are 
levels of toxicant which could be achieved in vivo on 

100- 
o - - e  Inhibitor alone 

90- 
�9 Inhibitor + 36 #M 

80- farnesoate ] :  
70- �9 Inhibitor + 10 mM ~ 
60- meval~ ~ / /  ~' 

50- 

40- 

30- 

y 20- 

10- 

O -  ~ , , I  , t ~ , , ~ ~ 1  .... J , 

10 100 
Concentration Cmpd. 1 (#M) 

Figure 2. Inhibition of Diploptera punctata corpora allata juvenile hor- 
mone biosynthesis by compound 1. All incubations were in 0.1 ml TC 199 
medium with 0.05 mM [3H-methyl] methionine for 3 h at 30~'C. Com- 
pound 1 was added in 0.5% DMSO; controls had 0.5"/0 DMSO alone. 
Control release rate was 68.1 • 2.7 pmol JH IIl/gland - h. All data are 
X _ + S E M ( n - 7 ) .  

(1989), Birkh/iuser Verlag, CH-4010 Basel/Switzerland 583 

poisoning with compound 1. Thus compound ! may be 
a JH biosynthesis inhibitor, though it could have other 
actions as well. The most active compound previously 
observed in this system was an acetylene-containing ju- 
venoid, with a ECso of 20 laM a2. However, this com- 
pound also had measurable juvenile hormone agonist 
activity in vivo, while compound 1 has no JH activity 
whatsoever. In addition, when one attempts to 'rescue' 
the inhibition of corpora allata held in vitro by addition 
of farnesoate or mevalonate, there is no recovery of JH 
biosynthesis. From these data one may presume that the 
site of the inhibition is either at the epoxidation or methyl 
transfer step. Compound I and its analogs did not cause 
precocious metamorphosis in cabbage loopers, milkweed 
bugs, southern armyworms, boll weevils, Southern corn 
rootworms or immature cockroaches. 
Thiosemicarbazones have been tested as anticancer 
agents 14 and antimalarials 15. Inhibition of the DNA 
synthesizing enzyme ribonucleotide diphosphate reduc- 
tase has been strongly implicated as the basis for these 
activities 14. In addition, it has been known for some time 
that compounds of this class have strong growth inhibi- 
tion properties in insects 4' 16. This is the first report of 
thiosemicarbazones possessing anti-JH properties. While 
they appear to be of limited commercial potential, these 
compounds may prove to be useful models for the study 
of JH biosynthesis and its inhibition. 
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