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Abstract-Clerodane dlterpenold compounds from Teucrrum (Labiatae) were assayed for antlfeedant actlvlty against 
larvae of Spodoptera httorahs and H&this armlgera The functlonal groups responsible for antlfeedant 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 antlfee- 
dant activity against some economlcally important Iep- 
idopterous pests [l-5] We investigate here the activity of 
a range of clerodane compounds isolated from medlcmal 
plants m the genus Teucrwn (Lablatae) [6]. Wlthm the 
Lablatae, many dlterpenolds have been shown to be 
potent antifeedants mcludmg ajugarm 1, Isolated from 
AJuga remota [7] Only a few of the clerodanes isolated 
from Teucrtum have been assessed for antlfeedant activity 
[4, 8,9]. The results of these studies have shown that the 
antifeedant activity of these compounds hes m the con- 
figuration of both the side cham and its decalin fragment. 
The compounds studied here enable us to test further the 
effects of small changes m the molecular structure of 
compounds on mhlbltmg feeding m the larvae of two 
polyphagous species of Lepldoptera 

RESULTS AND DISCUSSION 

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

acetoxy substitutions are Important These substitutions 
are present m the active antlfeedant compounds 1,3,5,9 
and 10 but they are also present m the less active 
compounds 4, 68, 11 and 12 This varlatlon m activity 
Indicates the importance of slight changes to the substitu- 
tions made m 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 mflu- 
ences activity. Previous results [4] reported that a C-.6 
keto group was associated with poor actlvlty 4. However, 
antifeedant actlvlty occurs If this keto group IS accom- 
panied by a nelghbourmg polar hydroxy group 9 but not 
If IS accompamed by an acetoxy group 12 

Antlfeedant activity can be present m compounds m 
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 butenohde rmg, actlvlty IS present However, 
actlvlty decreased when the butenohde rmg IS accom- 
panied by a polar hydroxy group at C-7 along with a 
change m the orientation of the side chain at C-12 14. A 
similar comparison can be made between compounds 16 
and 17; both contam a butenohde rmg between C-4 and 
C-5, but when the rmg IS accompanied by a hydroxy 
group, this time at C-6 17, antlfeedant activity decreased 

One final conclusion that can be drawn from these 
data, IS that no single substltutlon on the decalm portion 
of the molecule can be ascribed to bemg essential for 
antifeedant actlvlty against the insects tested 

EXPERIMENTAL 

Insects Spodoptera lzttorahs (Bcnsduval) and Hehthrs nrmtg- 

era (Hubner) were reared on a bean-based diet [12] at Blrkbeck 
College, at 26+/- 1” m a 16L 8D photoperlod 

Compounds AJugarm I (1) was a gift from Professor Kubo, 
Umverslty of Cahforma. Compounds 24 and 8-19 were from 
Professor Savona, Palermo and Professor Rodriguez, Madrld. 
Compound 7 was prepared- from teuqapomn A at rmperlai 
College. AJugarm I (1) was Isolated from Ajuga remota [7]. 
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Table I Antlfeedant Index [(C- T)/(C+ 7’)]% of test compounds [mean+, 

-(S E M )] m dud1 choice test with glass fibre dtscs [control (C) versus treatment (T) 

(N = 20)] 
________ -~- 

Anttfeedant Index 

S Irtrordrc H armryer~l 

Cone ppm 
Compound 100 IO 100 IO 

I 43 I (7 3l)* 34 5 (6 95)* 39 6 (9 65)* 23 9 (9 86) 

2 29 6 (8 96)* 179 (965) 23 9 (9 62) 2 9 (5 65) 

3 322 (22 16) 21 7 (1587) 632(541)* 169 (778) 

4 23 7 (6 98) 21 9 (1804) II 7(1487) I9 5 (709) 

5 48 9 (5.98)* 43 0 (7 64)* 298 (1495) 23 2 (6 SX) 

6 129 (767) 7 5 (6 98) 39(149X) 34 (1467) 

7 !04(!3U) 74 !!04!) 46(102!! Iln!!x4l~) 

8 6 5 (7 87) 7 5 (9 97) 49 (1298) 89 (1598) 

9 4X 9 (5 98)* 49 9 (9 76,!* z39 (I4 56) 240 (7 22) 

1-R w.9 (.!.h%). -il 1. (.I.0 59). 7_4 x (.I.6 98) 20 9 (.7 9X). 

II 14.X. (6 9X). 1.26. (.1.225_!. K K !X_ 76). 6 x (_I 7 1) 

12 199 (1287) 185 (1061) 169 (1298) 1 I 5 (5 68) 

13 -9 8 (23 87) -26 (1685) 28 (II 98) --29(69X) 

14 98(11 87) X7 (1592) I I 9 (5 95) IS 6 (6 52) 

15 49 9 (3 x7)* 454(96l)* 29 6 (X 93) 29 2(X 5.5) 

16 31 x (I lL87) 256 (1~3 51) 1R9 (7&5) It, 7 (1~3 hi) 
17 -99 (I3 76) -186(1754) - 9 (11 87) -5X(500, 

18 14.8 (6 94) 166 (742) 98 (15 56) 196 (646) 
1-9 9 6 ! !.!. 4.1.). 9 4. ! I.0 62) 8 6 !.l.O.4.!.) 24.Q 75) 

*Slgmficant dtfference between the amount eaten of the control and treatment discs 

(Wdcoxon’s matched pairs test p<OO5) 

‘OAc \ 
OAc 

4 X1,X2-O X3-X4-H X5,X6.0 

5 X1,X2-O X3-X4-X5-H X6.OH 
11 

6 X1,X2-O X3=X4=X6-H X5-0,, 

7 X1,X2-0 X3=X4=X6-H X5-OAc 
8 X1,X2-0 X3-X4-X5=H X6-OAc 

9 XI-OAc X*-X-I-H X4=OH X5,X6-O 
10 X’ -0Ac X2-X5=,, X3,X4-O X6.OH 
12 XI -0Ac x2=x3-Ii X4-OAc X5,X6=0 

HO 

16 17 18 

19 

HO 

Fig 1 Compounds (1) aJugarm 1, (2) deacetyl aJugann II, (3) 6,19-dlacetylteumasslhn, (4) 19-acetylgnaphahn, (5) 

teuqaponm B, (6) teuqaponm A, (7) 6-acetylteucJapomn A, (8) montanm C, (9) enocephahn, (10) Isoerlocephahn, 

(11) teupyremq, (12) 7-0-acetylerlocephahn, (13) teutlavoslde, (14) teucrm A, (15) l2-epr-teucvm, (16) chamaedrox- 

Ide, (17) dlhydroteugm, (18) teucroxlde, (19) l2-ketoteugnaphalodm 
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Deacetyl aJugarm II (2) [13], 6,19-chacetylteumassihn (3) 1133, 

teucJaponm A (6) [13], also known as montanm F, and mon- 

tamn C (8) [13] were isolated from Teucrmm massdlense 19- 

Acetylgnaphahn (4), also known as teucrm H3, was isolated from 

T hyrcamcum [14] TeucJaponin B (5) was isolated from T 

~aponwm [15] Erlocephahn (9) was isolated from T ermce- 

phalum [16] Isoerlocephahn (10) was isolated from 7’ lamgerum 

[17] Teupyremm (II) was isolated from T pyrenalcum [18] 7- 

0-acetylerlocephahn (12) [19] and 12-ketoteugnaphalodm (19) 

[ZO] were synthetic Teuflavoside (13) [Zl] and 12-epl-teucvm 

(15) [22] were isolated from T flauum subsp glaucum. Teucrm A 

(14) [23], chamaedroxide (16) [24], dlhydroteugm (17) (23) and 

teucroxide (18) [ZS], were Isolated from T chaemaedrys 

Atqfieedant bioassay The compounds were assessed for antl- 

feedant activity by presentmg them on glass fibre discs (What- 

man GF/A 2 1 cm diameter) The discs were made palatable by 

the ad&on of 100 ~1 of sucrose (0 05 M) The test compounds 

were tested at two concentrations, 10 and 100 ppm Final 

stadium larvae of Spodoptera &torahs and HellothIs armlgera 

were deprived of food for 4 hr, then placed mdlvidually m a Petri 

dish with two discs, one of wluch, the control (C) &sc, had only 

sucrose added, the other, the treatment (T) chsc, had sucrose and 

a 100 pl ahquot of one of the test solutions The discs were dried 

and weighed before bemg 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 Antlfeedant Index [(C 

- T)/(C+ T)]% calculated on the amounts eaten This index 

identifies both phagostlmulants (-ve values) and antifeedants ( 

+ ve values) 
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