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Abatrrct-Larvae and pupae of the alpine butterfly Euphyrfryar cyruhiu contain three iridoid glucosidcs: two of them, 
aucubin and catalpol, are very common in the Plantagiaacesc, but the third, 64%glucopyranosylauubin, has hitherto 
only been isolated from Odontires wrna and Verbascum siruu~~um (Scrophubaceac). The amounts of the three iridoids 
found in the insects were 0.53.0.31 and I.48 y. dry wt, rapcaivcly. Preliminary fading cxpetimen~s with an insaztivorous 
bird indicated some unpalatability in the insaX, which probably stems from the iridoid content. 

INTIIODUCTIOS 

The development of insect chemical defeocc through the 
uptake and storage of secondary subatanca from their 
food plants is a widespread phenomenon (set exampks 
from Lcpidoptera [l-6]). This functional flux of maMinI 
betwanorganismsisinawiderscnscacaseofalklopathy, 
i.e. noxious chemical cffbcts between organisms 173. 

Speck of the butterfly genus Euphydryas arc found in 
the Northern hemisphere with some remarkabk adap- 
tations (0 montane areas and 10 high latitudes [S]. 
Members of this genus have been studied for their larval 
food plant prefcrcna and their presumed subsequent 
unpalatability for predators [9]. Many of the preferred 
food plants of the larvae of these butter&s-such as the 
Scrophulariaccae [lo] and Plantaginsceac [IO. 1 l] - 
contain iridoid glycosides. In many organisms, iridoids 
are racognizcd as major hcrbivorr deterrents 1121. In 
experiments with North American Euphydryas S@CS. 
Bowers 16, 13-163 observed that unpalatability of the 
butterflies was strongly correlated with the iridoid glyco- 
side content of the larval diet. 

We also considered the palatability question following 
observations on the larvae of rhc European alpine species 
Euphydryas Cynthia Hb. in southern Switzerland and in 
Tyrol, Austria. With the comparatively dense population 
of larvae in the upper Rhone valky area near Crans-sur- 
Sicrrc in Switzerland. we observed a peculiar Mmviour. 
In the habitat of an open, short-grass and herb biotope 
(still with patches of snow in June at 2200 m sea kvcl), the 
larvae demonstratal thcrmo-regulatory bchaviour: they 
aggregated in clumps of five or more in cloud shade and 
spread out on the food plant (Pla~~ago alpina L.) in 
sunshine (for larval basking, see ref. 1173). The black 
larvae with yellow rings were visibk, particularly when 
grouped together. and we thought they kd a risky life with 
all the birds around breeding and searching for food. 

$ To whom correspondem should be sddrcssai. 

Since iridoid glycosidcs were suspected to be the food 
plant-derived protective chemicak in Euphydryas species, 
we checked for iridoids in the insects and here report our 
findings. The description of the larval aggregation and 
thermal regulation behaviour (including interspecks 
larval associations with the similarly patterned Zygaena 
exulam Hock. in Tyrol) will be described later. 
Incidentally, Z. exulans larvae were also refused by the 
birds, as described below. The protective chemicals in the 
genus Zygaena are known lo be cyanogcnic glycosida 
[18, 191. Notably, both these glycosidcs are bitter to the 
human tongue and might also be so to birds. 

RESULTS 

Some larvae of E. Cynthia were fed with Planrago 

lanceolata lo pupation. Since the number of spccimcns in 
the final experiments with the Tyrol colkction was rather 
small. only some were available for a fading (rcpclkocy) 
test with birds. We offered living final instar larvae to 
tame, caged, hungry stonechats (Saricola rorquza). The 
first bird took a larva, rckascd it, wiped its beak, took it 
again, beat it lo death, and after some minutes, kft it 
alone. Dead larvae were probed by several stonechats, but 
after up 10 5 min eventually always refused them. A young 
tame stoncchat, u.4 10 hand-fading by a keeper. was 
given a larva into its gaping, wide open beak. It swallowed 
it instantaneously without any emetic or ill after efiazts. 
Although these observations are anecdotal, they indicate a 
certain degree of unpalatability of the E. Cynthia larvae, a 
supposition which is in agramcnt with the literature 
[1%16]. 

Crude methanol extracts of eight final instar larvae and 
eight pupae of E. cynrhia showed a positive Trim and Hill 
reoftion [20] and the samt three iridoids in approximately 
equal amounts on TLC. We therefore combined all the 
cxtrsts for fur&r work-up. Column chromatography 
on silica gel and neutral AllO, yielded two iridoid- 
containing freftions, each of which was divided into two 
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portions: one part was mcthylatcd by a modified 
Hakomori method [21.22] to analyst the products by 
GC/MS, and the other part was rcchromatographad by 
HPLC to identify the isolated iridoids by comparison 
with authcnthic sampks (TLC, HPLC. IR) 

After mcthylatton of the first fraction, preparative 
TLC of the reaction products afforded two iridoid 
permethyl ethers, identified as 6.10,2’.3’,4’.6’-hexa-O- 
methylaucubin (I b) and 6,10,2’,3’,4’,6’-hexa-O-mcthyl- 
catalpol(2b) by GC/MS analysis and by comparison with 
authentic material [23]. 

The mcthylation product of the second fraction showed 
a mass spectrum very similar to that of the aucubin 
permethyl ether. However, the higher molecular weight 
(m;z 634) and the fragment at m/t 398 (5) revealed the 
presence of IWO hexosyl moieties in 3b. which were 
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eliminated successively (m/z 525/m/z 289; m/z 416/miz 307; 
m;z 459imiz 241) [23]. The absence of fragment 4 at miz 
I94 and the peak at mjz 162 in the mass spectrum of 3b 
showed that the aglycon contains only one O-methyl 
group. Furthermore. the fragmentation of two tctra-O- 
methylhexosyl moicttcs produced ions observed at m;z 
267, 253 and 235, indicating a diglucosylatcd iridoid. 

The ‘H NMR and “CNMR data of 31 showed 
significant differences from those of IO-O- 
glucosyhucubin [24] but they were identical with thcdata 
published for 6-0-glucosylaucubin [25.26] isolated from 
Odonrires LHIM. Compound k was finally identified as 6 
0-glucosylaucubin by comparison with an authentic 
sampk (IR. TLC). Working up 1280 mg of dry weight of 
the insects, we found the following iridoid amounts: 
0.53 % aucubin. 0.31 % catalpol and I.48 Y0 6-O-gluco- 
pyranosylaucubin. 

Dl!KIJSSION 

Members of the butterfly genus Euphydryas appear to 
be well protected from predatory birds [ I3 163. The claim 
that this protection is due to iridoid glycosida which the 
larvae obtain and sequester from their fd plants, has a 
high degra of probability, although a stick insect, 
Anbmorpho. was found to have thecapacity to synthesize 
an iridoid (dolichodial) 1271. Euphydryas cymhia but- 
~ertks, however, have to our knowkdgc never before &n 
chemically analyscd. Our finding of thra iridoid glyco- 
stdcs in the larvae and pupadding up to 2.32 y0 of the 
dry weight of the insects--n therefore confirmation of the 
earlier claim, albeit now with another species than that 
examined earlier. 

It is interesting that the two rather common iridoids la 
and 2a are known from the food plant genus P&nrogo on 
which we found the larvae. The third iridoid. however, has 
hitherto only been found in Odonlites uernu and 
Verbascum sinuarwn [ZS. 261. plants not known in the 
high Alps where tht insects live. Unless the larvae feed on a 
still unknown plan1 which contains 3a, it may be assumed 
that iridoid 39 is formed from la or 2a in the insect, unless 
synthesized de no~o. With respect to the larval food plant 
of E. cynfhia, contrary to earlier reports of a variety of 
spcctes (including Violu, grasses, etc.). an experienced 
breeder could fad them only with Planrogo [28]. The 
question as to where the iridoids are stored in the insect 
has not yet been answered but they may be present in the 
hacmolymph which must I~SIC bitter when a bird picks and 
squecra the larva. The black-yellow larval pattern would 
then serve as oide memoire [29] for the bird to avoid such 
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an unpkasanl experience in the future. lx5dcntally. one 
of the North American Euphydryas spazics is mimicked by 
a p&table buttedy which then also enjoys a protected 
status [ 161. 

EXPERlMtNfAL 

Anmd marrrial. All the spec~rnens of Euphtdryar cynrhi4 were 

collected as final instar larvae in Tyrol, Auxlria (NorIh of the 

Brenncr Pass sbve rhe tree line a1 co 2IXlO m see level) where 

they were seen feeding on Plmrogo olpm L. Possibly. they also 

fed on other planIs although we did no1 see this. In Seewresen. 

these larvae were offered Pbuogo Imrco/ara L. which whey 

readily aaxpred. They pupared normally and the emerging 

Imagines were perfect. Living larvae and pupae (which were ready 

IO emerge) were mailed IO Frciburg for the chemical analysis. 

AnolyIral mc~hods CC: silica gel (Merck. 40~). 

CH,CIz MeOH H,O (70:30:3k neutral AI,O, (Woe(m), 50”~ 

ErOH; TLC: silica gel 60. CHICI, MeOH ,H>O 

(70: 30: 3-90: IO. I ). Spray reagen1 for indods. 3 % vanillin and 

I O,, H,SG, m 100 ml EIOH followed by healing a1 I IO for 

5 IOmin. HPLC: ~r_Bondapak Cla (9.4 mm x 25Omm). S”, 

MeOH, flow rake 0.675 ml:mm. GC;MS. OV-I7 (3?& column 

(1.2 m x 2 mm rd.). kmp. of inFtor 270”. column 240“. source 

I30 and mjrcror 290, column 280’. source 170”. He 30 ml:mtn. 

70 and 30 cV. 

Isool~rton o/ir~4oid~jrorI~~~ The lyophilued material of cigh1 

larvae (770mg) and agb1 pupae (5lOmg) was separately cx- 

wracked by refluxing for 30 min once with IO0 ml % ?* EIOH and 

Iwice with 80 ml 70% EtOH. The dried extracts of Ibe larvae 

(500 mg) and those of rhe pupae (330 mg) were combined and 

separated suozcssively by CC on silica gel and Al,O,. We 

obIained IWO frac1ions.A (I6 mg)and B (24 mg), which were used 

for funher putition by HPLC and for methyladon. 

.Mtrhplorion. 5 mg of fracrton A and 4 mg of fraction B were 

methylaled using NaCHzSGMe and Mel in DMSO [2l 231. 

Pure indoid permethyl erher was obIamed by TLC on prep. silica 

gel with (‘H&la- MeGH-Ha0 (90: IO. I). 

Aucohin (la. I 8 mg). IdenIiEcaIion by comparison with an 

aurhernr sampk (TLC, HPLC. 1R) and by GC,MS of 

6.10.2’.3’.4’.6’-hex-O-~hylaucubln (I). 2.0 mg). IR vz cm _ ‘: 
2979. 2927. 2833. 1654; GC. EIMS (column 240’. source I30 ). 

70eV. m:; (rel. mt.): 430 (0.18). 398 (0.56). 370 (O.I2), 321 (0.12). 

255(2.46).226(0.56).219(6.69).21X(16.03), 195(2.73). 194(4.15), 

IX7 (81.24). I80 (7.04). I63 (11.58). 162 (9 19). I55 (19.26). I47 

(4.691 I45 (12.73). I43 (5.74k I31 (52.95). I27 (18.55). I IS (10.19). 

Ill (93.61), IO1 (88.OIk 89 (39.411. 88 (21.14). 45 (100.0). 

Corolpol (2a. 0.9 mp). IdentificaIIon by comparison with an 

auIhenIw sampk (TLC. HPLC. IR) and by GCMS of 

6.lO.2’.3’.4’.~-hexa-O-meIhyLcaIalpol (2). 1.0 mg). IR v%cm ‘: 

2927. 2883. 2849. 1652; GC. EIMS (column 240’. source l3O‘A 

70 eV. m r (rcl. inI.): 446 (0.071429 (O.OS), 414 (0.23). 271 (1.99), 

242 (0.331239 (0.18).219 (8.71). 218 (19.08~21 I(2.23). 207 (0.57). 

I87 (58.95). IS5 (19.77). 157 (779). I45 (10.26). I43 (6.41). I31 

(6.49). I27 (19.89). I IS (I4 93). I I I (73 80). IO1 (78.10189 (30.80). 

88 (20 79). 45 (100 0). 

6-O-p-BGlucosylaucubin (Jo. 90mg). ‘H NMR (2501 MHz 

DrOI:66.32(IH.dd.J,,. =6.J,., -2Hz.H-3kS.98(IH.brs. 

H-7). 5.25 (IH. d. J,.* -6Hr. H-l).521 (IH.dd.J,,.-6Hr 

J . . , = 3 H7_H-4),4.81 (IH.d.J,-,z- - 7 Hr. I’-Hk4.71 (IH.brs, 

H-6). 4.62 (IH. J,.,2. - 7Hz H-l’). 4.38 (IH. d. Jlculoe 
- 14 Hz_ H-IOA). 4.32 (Iti. J,oe.,oA - 14 Hz H-IOBA 403.2 

(12H. m, sugar protons). 3 I5 (IH. ddd. J.., - 8. Je., - 6. J,,, 
- 1 Hz_ H-9). 3.03 (I H. m. H-5). “C NMR (62 83 MHz DxO): 

6 I47 08 (C-8). 138.47 (C-3). 125.27 (C-7). 104.70 (C-4), 101.54 (C- 

I’). 98.24 (C-l’), 95.54 (C-IA 89.73 (C-6). 76.64 (C-3’). 76.41 (C- 

5-k 76.26 (C-3’), 76.1 I (C-5’). 73.72 (C-2-1.73.29 (C-2’). 70.24 (C- 

4’).70.18(C4’).61.57(Cd’A6I.~(Cd’).60.45(C-I0~47.87(C- 

9). 4232 (C-5). Idcntitication by comparison wIIh an autbenlr 

sampk (TLC. HPLC, IR) and by GC/MS of 60-g-~glucosyl- 

102’.3’.4’.6’,2’.3’.4’.6’-nona_O-mcchylaucubln (J). I.5mg) 

IR v= an-‘: 3047.290& 2825.1653. GC’EIMS (column 280‘. 

source 170”). 30 cV.m:r (rcl. in1.k 634 (0.02). 602 (0.02), 570(0.02A 

557 (O.Olk 525 (0.02).471 (0.06).459 (0.19).416 (0.05).415 (004A 

398 (0.43). 384 (0.16). 370 (0.07). 339 (0.04). 307 (0.07). 289 (0.04). 

275 (0.19). 267 (0.04). 253 (0.04). 241 (0.07). 235 (0.87). 219 (3.61). 

218 (7.81). I91 (0.95). I87 (70.94). I63 (6.12). 162 (10.52A I55 

(13.65).147(6.47).145(10.37).143(4.93).131 (44.66).127(12.47). 

I I5 (8.54). I I I (68.181 IO1 (lOO.OA 89 (25.83). 88 (42.07). 
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