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Cantharidin production in a blister beetle ~ 
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Abstract. Cantharidin, a potent defensive chemical, is present in all ten life stages of the blister beetle Epicauta 
funebris. The first five larval stages accumulate cantharidin as they feed and grow in size. When disturbed, they 
exude cantharidin in a milky oral fluid, not in hemolymph which adult beetles reflexively discharge from leg joints. 
Two subsequent larval stages and the pupa do not feed, grow, regurgitate, or change in their defensive reserves 
(110 gg cantharidin/insect, regardless of sex). Adult beetles kept in isolation for 60 90 d exhibit a pronounced 
sexual dimorphism in cantharidin production: the male biosynthesizes about 17 mg of the toxin, representing 10% 
of his live weight, whereas the female actually loses most of her defensive reserves. But in the wild a female beetle 
repeatedly acquires cantharidin as copulatory gifts from her mates. 
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Blister bettles (Coleoptera, Meloidae) are notorious in- 
sects because they contain cantharidin, a defensive 
chemical that is reputed to possess aphrodisiac proper- 
ties in humans 2. The biosynthetic pathway for can- 
tharidin in blister beetles is without known paralleP. 
Schmid's group documented cantharidin biosynthesis in 
several stages of Lytta vesicatoria, the Spanish fly, as 
well as male-to-female transfer of the substance in the 
seminal fluid 4. 
Because this meloid species is difficult to culture in 
most instances these researchers used wild adults of 
unknown age or limited numbers of laboratory-reared 
immatures that they were unable to sex. We have devel- 
oped procedures to mass produce the blister beetle 
Epicauta junebris (formerly E. pestifera 5) in our labora- 
tory% In addition, using external cuticular features, we 
can reliably determine the sex of coarctate larvae 6. Ex- 
ploiting these methodologies, we here report on the first 
tests that rigorously quantify cantharidin in all stages of 
a blister beetle. In addition, we describe the external 
release of cantharidin by meloid larvae for their defense 
and we document the sites of storage of cantharidin in 
larval and adult E. funebris. 
We reared immature E. Junebris, a meloid species com- 
mon in Missouri, under controlled conditions (25 ~ 
100% r.h., 24 h dark) in incubators. To determine typi- 
cal cantharidin amounts by gas chromatographic analy- 
sis 7, five egg masses, in which the eggs were counted, 
and five representative larvae of each of the five early 
stages of this hypermetamorphic insect (T, triungulin; 
FG1, first grub one; FG2, first grub two; FG3, first 
grub three; FG4, first grub four) were weighed and 
frozen at - 3 0  ~ 1 d after molting. Larvae progressed 
in 15-17 d from T-larvae to FG4-1arvae on a diet of 
Melanoplus d(fferentialis grasshopper eggs. The remain- 

ing FG4-1arvae ( N =  90) molted in 7-10 d to the dia- 
pausing coarctate (C) larval stage, whereupon they were 
sexed. C-larvae were chilled at 5 7 ~ for 180-250 d to 
terminate diapause and then warmed again to 25 ~ for 
13 25 d to stimulate development to second grub (SG) 
larvae, which in 7 - 1 2 d  molted to pupae (P). After 
14-16 d pupae metamorphosed into adult beetles. Five 
individuals of each sex representing the C, SG, and P 
stages were weighed and frozen 1 d after molting for 
cantharidin quantitation. 
Adult beetles were individually isolated in plastic cages 
at 25-27 ~ under continuous illumination and fed ad 
libitum an artificial diet a. To prevent incidental discharge 
of cantharidin by reflex bleeding, beetles were not han- 
dled during tests. On the basis of random assignment, 
twenty unmated adults of each sex were weighed and 
frozen when they entered one of four age groups: Al, 
1-10d; A2, 11 20d; A3, 21-40d;  A4, 60 90d. Can- 
tharidin was extracted from each beetle and quantita- 
tively analyzed by capillary gas chromatography 7. 
As shown in figure 1, an individual T-larva (0.277_+ 
0.021 rag, X 4-SEM) weighs as much as an unhatched 
egg (0.331 • 0.046 mg). But as it feeds and molts (T- 
FG4 stages), the insect increases greatly in size until it 
enters diapause as a C-larva (160 + 15 rag). 
Subsequently its body weight remains relatively con- 
stant for nearly 8 months even though it undergoes two 
molts (C-SG-P stages). As a young adult, the A1 stage, 
it resumes feeding and quickly gains about 100 rag. 
Thereafter a beetle continues to feed for many weeks, 
the A2-A4 stages, yet its mass does not change signifi- 
cantly (263 __+ 19 rag). No sexual difference in mass was 
detected. 
Amounts of cantharidin increase tremendously in larvae 
as they progress through five feeding stages (T-FG4), 
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Figure 1. Mean ( + SEM, N - 5) body mass of the life stages of 
unsexed (grey), male (white), or female (black) Epicautafunebris. 
Stage abbreviations are: E, egg; T, triungulin larva; FG1, first 
grub one larva; FG2, first grub two larva; FG3, first grub three 
larva; FG4, first grub four larva; C, coarctate larva; SG, second 
grub larva; P, pupa; A1, adult age 1 10 d; A2, adult age 11 20 d; 
A3, adult age 21 40 d; A4, adult age 60 90 d. Log transformed 
data met the assumption of equal variances. Rectangles with the 
same letter above are not statistically different from each other 
using Student-Newman-Keuls nmltiple range (SNK) test at the 
0.05 level of significance TM. 
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Figure 2. Mean (+SEM, N = 5) cantharidin content of the life 
stages of Epicauta [unebris. Abbreviations of stages and statistical 
analysis are the same as in figure 1. 

rising from 0.019 _+ 0.005 lag in an egg to 110 + 30 lag in 
a C-larva that has just entered diapause (fig. 2). There- 
after immature beetles in the SG and P stages have 
static amounts of cantharidin and there is no statisti- 
cally significant difference between the sexes. But, as 
shown in figure 2, a protbund sexual difference develops 
in adult beetles. Isolated adult males daily accumulate 
several hundred micrograms of cantharidin after they 
begin to feed, so at age 60 90 d (the A4 stage) they 
possess 16.9 + 3.6 mg of the substance. We were aston- 
ished to find 30.3 mg cantharidin in one male (291 mg 

Figure 3. A Epicauta Junebris FG4 larva, pinched with forceps, 
responding by regurgitating milky fluid onto its integument and 
the instrument. B Larva feeding within pod of grasshopper eggs. 
The egg pod has been cut open at both ends to expose the larva 
and uneaten eggs. Length of each larva is 13 ram. 

live weight). Because water comprises half the body 
mass in E. Junebris adults 9, we estimate that cantharidin 
can amount  to 20% of the dry matter in a male beetle. 
On the other hand, isolated adult females steadily lose 
cantharidin, so at age 60-90 d (A4 stage) they possess 
only 29.4 + 8.3 lag of the toxin. These results dramati- 
cally confirm radiolabeling studies with L. vesicatoria 4 

that demonstrate a sexual dimorphism in cantharidin 
biosynthesis in adult meloids. 
Knowing that adult beetles deter attacks of many 
predators by discharging droplets of cantharidin-laden 
blood reflexively from their leg joints 1~ we reasoned 
that meloid larvae might exhibit a similar defensive 
response. We discovered that feeding larvae (T-FG4 
stages), instead of autohemorrhaging when pinched or 
poked, slowly rear their heads and emit milky fluid 
from the mouth that spreads to anoint  the integument 
(fig. 3A). To test the idea that the regurgitated liquid 
contains cantharidin, we made chemical analyses of oral 
effluent collected from FG4 stage larvae by pinching 
them with forceps and placing pieces of filter paper over 
their mouths so as to trap the disgorged fluid. Not only 
is cantharidin present in the oral effluent, but the 
amount  of this substance regurgitated by one larva 
(4.84 _+ 4.61 lag/larva, N = 5) is equivalent statistically 
(Mann-Whitney test, P > 0.05) to the amount  of toxin 
contained in an undisturbed grub (8.51 + 1.00, N = 5). 
Storage of cantharidin by larvae in the alimentary canal 
was confirmed by analysis of tissues dissected from 
larvae (N = 3) frozen slowly to prevent regurgitation. 
Most (83'70) of each grub's cantharidin is localized in 
the digestive system (8.13 • 1.62 lag/larva), not in the 
rest of the body (1.70 + 0.64 lag/larva). The presence of 
cantharidin in extracts of regurgitated fluid and larval 
tissues was confirmed by electron impact mass spec- 
trometry< We failed to detect cantharidin in fat body 
and rudimentary reproductive systems isolated by dis- 
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section from both male and female FG4-1arvae. Micro- 
scopic examination of  dissected specimens did not re- 
veal any diverticular pouches or other storage organs in 
the alimentary canal. Although we have no information 
on enemies of immature meloids, it seems clearly advan- 
tageous if a larva feeding within a grasshopper egg pod 
in the soil, as depicted in figure 3B, when threatened 
physically would turn its body so as to deliver toxic 
effluent near the afflicted site, much as is done by other 
insect larvae that possess oral defenses ~1. 
To determine the internal distribution of  cantharidin in 
adult E. Junebris, virginal beetles (N = 13 of each sex) 
selected randomly at ages 2-88  d were frozen and dis- 
sected into three subsamples (male third pair of  acces- 
sory glands or female spermatophoral.receptacle, the 
rest of  the reproductive system, and the body minus 
reproductive system), each of which was submitted to 
chemical analysis 7. We found that males sequester can- 
tharidin preferentially in the third pair of  accessory 
glands (fig. 4A). After age 20 d (the equivalent of  the 
A3 and A4 stages), approximately 80% of  the substance 
in a male beetle reposes in these long, tubular structures 
that snake through the abdomen beside the gut. In 
contrast, the amount of  cantharidin in the rest of  a 
male's reproductive system and elsewhere in his body 
increases at a slower rate. 
The site of cantharidin biosynthesis is not known. Oxy- 
gen labeling studies performed by us imply that the 
post-farnesyl steps in the cantharidin pathway occur 
outside the reproductive system, suggesting the acces- 
sory sex glands in E. Jimebris males may act more or less 
as a 'cantharidin kidney' to sequester this terpen- 
oid 2. In vitro biosynthetic studies designed to test this 
idea are in progress in our laboratory. 
Cantharidin is lost by aging virgin females mostly from 
their somatic tissues (fig. 4B). The spermatophoral re- 
ceptacle, ovaries, and remainder of the reproductive 
tract lose little of  the toxin. This means that an old, 
virginal female not only has small cantharidin reserves, 
but also that levels of  the defensive substance in her 
blood and other peripheral tissues are profoundly di- 
minished. Therefore, with time isolated E. Junebris 
males become more potent defensively whereas females 
tend to become defenseless, with the male's chemical 
armament exceeding that of  the female by a ratio 
greater than 200: 1. 
Contrary to what one would expect from our results, 
both sexes of E../unebris in the wild have comparable 
amounts of cantharidin (164 + 90 ~tg/beetle) 12. This is 
because the female beetle is rearmed chemically during 
repeated matings. In each protracted copulation the 
male deposits a spermatophore containing many micro- 
grams of  cantharidin in her spermatophoral receptacle 2. 
Afterwards the male replenishes his defensive reserves in 
a few days 2. The fate of  the male's deposit once it is 
inside the female's body is not fully understood, but 
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Figure 4. Distribution of cantharidin within A male and B female 
Epicauta jhnebris adults as a function of age when held in isola- 
tion. Three tissue samples are denoted for each individual: (L S) 
male third pair of accessory glands or female spermatophoral 
receptacle, ( I )  the rest of the reproductive system, and (�9 
the body minus the reproductive system, Regression analysis ~ of 
log transformed data yielded the following results. A: Q, 
y=2.040+0.0331x (p<0.025, R2-0.629); I ,  y=1 .351+ 
0.0146x (p<0.0LR~=0.771);  (), y=2.394+0.0155x ( p <  
0.001, R2=0.857). B: El, y=1.027-0.0116 (p<0.01, R 2 -  
0.668); I ,  y = 1.036 0.0029 (p > 0.05, R 2 = 0.058); C), 
y -2 .239  0.0161 (p<0.01, R2=0.777). 

about one-third of  the donated cantharidin is quickly 
absorbed into her body fluids 2. In E. funebris little 
cantharidin is deposited with the eggs, but other meloid 
species evidently endow their embryos with much of  the 
toxin 13. 

Production of  cantharidin in meloids is probably a 
physiologically expensive process. Although we know 
little about such costs, extensive studies of production 
of  defenses against herbivores by plants ~4 and insect 
sequestration of phytochemicals for defense ~5 suggest 
that blister beetles should allocate defenses to maximize 
individual inclusive fitness. Selection may favor male 
blister beetles that not only biosynthesize and store 
much cantharidin, but those that effectively transfer 
the defensive chemical in the spermatophore to the 
female. Selection in females may be toward individuals 
that invest both physiologically in reproduction and 
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behav io r a l l y  in c h o o s i n g  big males  wi th  a b u n d a n t  de-  

fensive reserves.  A l t h o u g h  ins tances  o f  sexual  size selec- 

t ion  in me lo id  p o p u l a t i o n s  have  been  r e p o r t e d  ~6, ou r  

resul ts  w i th  E. funebris  suggest  t h a t  females  choose  

males  r a n d o m l y  w i th  r ega rd  to b o d y  size 17. 
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