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Abstract—Clerodane diterpenoid compounds from Teucrium (Labiatae) were assayed for antifeedant activity against
larvae of Spodoptera littoralis and Heliothis armigera The functional groups responsible for antifeedant activity are

discussed

INTRODUCTION

This paper forms part of an intensive study to analyse the
importance of various functional groups within the mole-
cules of plant-derived compounds, responsible for antifee-
dant activity against some economically important lep-
idopterous pests [1-5] We investigate here the activity of
a range of clerodane compounds 1solated from medicinal
plants mn the genus Teucrium (Labiatae) [6]. Within the
Labiatae, many diterpenoids have been shown to be
potent antifeedants including ajugarmn 1, 1solated from
Ajuga remota [7] Only a few of the clerodanes 1solated
from Teucrium have been assessed for antifeedant activity
[4, 8, 9]. The results of these studies have shown that the
antifeedant activity of these compounds lies in the con-
figuration of both the side chain and its decalin fragment.
The compounds studied here enable us to test further the
effects of small changes in the molecular structure of
compounds on mhibiting feeding 1n the larvae of two
polyphagous species of Lepidoptera

RESULTS AND DISCUSSION

The results (Table 1) show that, overall, compounds
1-19 affected the feeding behaviour of S httoralis more
than H. armigera, although the most active compound, 3,
at the higher concentration tested, was more active
against H armigera. Ajugarin 1 (1) was the only com-
pound to show significant antifeedant activity agatnst
both species. Of the five compounds 1,2, 5,9 and 15 that
sigmficantly decreased feeding 1n S. httoralis, 2 was the
only compound to be inactive at the lower concentration.
The data clearly show that small changes of structure
(Fig 1) can cause large changes 1n antifeedant activity. It
1s also apparent that both the side chain at C-9 and the
decalin portion of the molecule play a role in the activity,
yet no clear picture emerges concerning the precise
functional groups required for significant antifeedant
activity In line with our previous studies [47, the epoxide
group at the C-4 position combined with the C-5 methyl

acetoxy substitutions are important These substitutions
are present 1n the active antifeedant compounds 1, 3, 5,9
and 10 but they are also present in the less active
compounds 4, 6-8, 11 and 12 This varation 1n activity
mdicates the importance of slight changes to the substitu-
tions made 1n the rest of the molecule, as illustrated by
comparing the activity ascribed to compounds 5 and 6
where the orientation of the hydroxy group at C-6 influ-
ences activity. Previous results [4] reported that a C-6
keto group was associated with poor activity 4. However,
antifeedant activity occurs 1f this keto group 1s accom-
panied by a neighbouring polar hydroxy group 9 but not
if 1s accompanted by an acetoxy group 12

Antifeedant activity can be present in compounds n
which complete structural changes have occurred within
the decalin unit (15) and (16) For example, in compound
15, where the epoxide and acetates are replaced by a
bridging butenolide ring, activity 1s present However,
activity decreased when the butenolide ring 1s accom-
panied by a polar hydroxy group at C-7 along with a
change m the ornentation of the stde chain at C-12 14. A
simtlar comparison can be made between compounds 16
and 17; both contain a butenolide ring between C-4 and
C-5, but when the ring 1s accompanied by a hydroxy
group, this time at C-6 17, antifeedant activity decreased

One final conclusion that can be drawn from these
data, 1s that no single substitution on the decalin portion
of the molecule can be ascribed to being essential for
antifeedant activity against the nsects tested

EXPERIMENTAL

Insects Spodoptera littoralis (Boisduval) and Heliothis armig-
era (Hubner) were reared on a bean-based diet [12] at Birkbeck
College, at 26 +/—1° 1n a 16L. 8D photoperiod

Compounds Ajugarin 1 (1) was a gift from Professor Kubo,
University of California. Compounds 2-6 and 8-19 were from
Professor Savona, Palermo and Professor Rodriguez, Madnd.
Compound 7 was prepared from teucjaponin A at Impenal
College. Ajugarin I (1) was 1solated from Ajuga remota [7].
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Table 1 Antifeedant index [(C—T)/(C+T)]% of test compounds [mean-+/
—(S E M )] in dual choice test with glass fibre discs [control (C) versus treatment (T)

(N =20)]
Antifeedant index
S Iutoralis H armigera
Conc ppm
Compound 100 10 100 10
1 431 (731)* 345 (695)* 396 (965)* 239 (986)
2 296 (8 96)* 179 (9 65) 239(962) 29(565)
3 322 (221¢6) 217 (1587) 632(541)* 169 (778)
4 237 (698) 219 (18 04) 117(1487) 195 (709)
5 489 (5.98)* 430 (7 64)* 298 (14 95) 232 (6 58)
6 129 (767) 75 (698) 39{1498) 34(140607)
7 10.4.(13 21). 74.(10.41). 4.6.(1021) 30.(1841)
8 65(787) 750997) 49 (1298) 89 (1598)
9 48 9 (5 98)* 409 (9 76)* 239 (14.56) 240(722)
10 38.9 (1698} 331.(10.59). 24 8 (1698). 2009 (7 98).
1L 14.8 (6.98). 12.6.(12.29). 88 (8.76). a8 (371}
12 199 (1287) 185 (1061) 169 (1298) 115(568)
13 —98(2387) —~26(1685) 28(1198) -29(698)
14 98 (1187) 87(1592) 119 (595 156 (652)
15 499 (387)* 454 (9 61)* 29 6. {893) 29 2 (X 55).
16 318 (11.87) 256.(1351). 189 (7 63) 16.7 (13 6%)
17 —-99(1376) -~ 186 (17 54) — 9 (1187) —58(500)
18 14.8 (6 94) 166 (742) 98 (15 56) 196 (6 46)
19 96.(1141). 94.(10.62). 8.6.(10.41). 24.(375).

*Significant difference between the amount eaten of the control and treatment discs
(Wilcoxon's matched pairs test p<005)

. 692
S or

1 RI=R2=Ac
2 RI=R2=H

X!, X220 x3ax4aH x5x8=0
X1, X2 =0 X3=Xx4=X5aH X6=OH

X1, X2 =0 X3=x4=X62H X5aOH

X', X220 x3axd=x6=H4 x5=0Ac

X1, X220 X3=x%=Xx5=H X6=0Ac
Xi=0Ac XZ2=X3=M X%=0H X5,x6=0
X! =0A¢c X2=x5=H X3,x%%0 X6=0H
X! =0Ac XP=X3=H X4=0Ac X5,X6=0

NODLONOOG R

— -
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Fig 1 Compounds (1) ajugarin 1, (2) deacetyl ajuganin I, (3) 6,19-diacetylteumassilin, (4) 19-acetylgnaphahn, (5)

teucjapontn B, (6) teucjaponin A, (7) 6-acetylteucyaporun A, (8) montanin C, (9) eriocephalin, (10) 1soeriocephatin,

(11) teupyreinin, (12) 7-O-acetyleriocephalin, (13) teuflavoside, (14) teucrin A, (15) 12-epi-teucvin, {16) chamaedrox-
ide, (17) dihydroteugin, (18) teucroxide, (19) 12-ketoteugnaphalodin



Antifeedant activity from Teucrium

Deacetyl ajugarin II (2) [13], 6,19-diacetylteumassilin (3) [13],
teucjaponin A (6) [13], also known as montamin F, and mon-
tanin C (8) [13] were 1solated from Teucrium massiliense 19-
Acetylgnaphalin (4), also known as teucrin H3, was 1solated from
T hyrcamicum [14] Teucjaporun B (5) was 1solated from T
Japomcum (157 Enocephalin (9) was 1solated from T erioce-
phalum [16] Isoeriocephalin (10) was 1solated from 7" lamgerum
[17] Teupyremmn (11) was 1solated from T pyrenaicum [18] 7~
O-acetyleriocephahin (12) [19] and 12-ketoteugnaphalodin (19)
[20] were synthetic Teuflavoside (13) [21] and 12-epi-teucvin
(15) [22] were 1solated from T flavum subsp glaucum. Teucrin A
(14) [23], chamaedroxide (16) [24], dihydroteugin (17) (23) and
teucroxide (18) [25], were 1solated from T chaemaedrys

Antifeedant bioassay The compounds were assessed for anti-
feedant activity by presenting them on glass fibre discs (What-
man GF/A 2 1 cm diameter) The discs were made palatable by
the addition of 100 ul of sucrose (005 M) The test compounds
were tested at two concentrations, 10 and 100 ppm Final
stadium larvae of Spodoptera littoralis and Helhothis armigera
were deprived of food for 4 hr, then placed individually in a Petn
dish with two discs, one of which, the control (C) disc, had only
sucrose added, the other, the treatment (T) disc, had sucrose and
a 100 ul aliquot of one of the test solutions The discs were drnied
and weighed before being presented to the larvae The duration
of the bioassay varied between species but was never longer than
18 hr, so that never more than 50% of any disc was eaten The
discs were then reweighed and the Antifeedant Index [(C
—T)/(C+ T)]% calculated on the amounts eaten This index
identifies both phagostimulants (-ve values) and antifeedants (
+ ve values)
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