
Isolation of Cantharidin from E p i c a t a  pest;f”’” 

By WILBERT G. WALTER and JOHN F. COLE 

Epicauta pestijera Werner (Mebidae) is a species of blister beetle which is found in 
North America and contains a powerful irritant and vesicant. This paper reports 
the isolation, quantitative determination, and identification of the active principle 
responsible for this activity. Employing standard practices of analysis, which in- 
volved infrared and NMR spectroscopy, thin-layer chromatography, elemental 
analysis, and determination of physical constants, the substance was identified as 

cantharidin. 

HIS PAPER reports the isolation and quantita- 
Ttive determination of cantharidin from a 
species of blister beetle, Epicautu pestifera Werner 
(Colofltera, Meloidae) which is found in North 
America and occurs commonly in Mississippi. 
This particular specie of blister beetle has not 
been previously investigated for its vesicating 
principle. Cantharidin, as it was determined in 
this investigation, is the substance responsible 
for the strong irritating and vesicating effects. 
This compound has also been isolated from sev- 
eral other species of beetles of the genera Epi- 
cauta of Asia, Indonesia, and South America. 

Investigators have reported previously that 
cantharidin occurs in E. pilmus Porter (I), which 
is found in Chile, in concentrations ranging from 
1.7% to 3.5%; in E. gorhami Marseul (a), from 
0.4% to 1.75%; in E. waterhousei (3), which is 
found in Formosa, from 1.02Oj, to 1.26%; and E. 
ruficeps Ill. (4), which is found in Java, and E. 
odspersa (5), found in Brazil, in concentrations of 
2.5y0. Shimano et al. (2) showed that the sub- 
stance is present in E. gorhami in the head (2.5%), 
thorax (1.2%), abdomen (9473, and legs (2’%), 
which is contrary to general belief that it is con- 
fined principally to the abdomen where it may be 
secreted from between the segments of the un- 
derside, The cantharidin content varies con- 
siderably from one genera and species to another 
but is found usually in concentrations of approxi- 
mately 1% and has been reported as high as 
3.5y0 in Efl ica~~ta gorhami (2). I n  this investiga- 
tion, cantharidin was found to be present in E. 
fiestifera in the amount of 1.09% by weight. 
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DISCUSSION 

E .  pestifera is, in the United States, often referred 
to as the common margined blister beetle of potatoes. 
It has been called E.  solani Werner and E .  marginata 
Fabr. The latter may sometimes be used in ref- 
erence to E .  cinera Forster. E. pestifera is widely 
scattered throughout North America and the U. S. 
but occurs principally from the Atlantic Coast 
to the Rocky Mountains. The seasonal range of 
the adult beetles is July to September. They 
are regarded as garden pests and are known to  
attack garden vegetables in addition to the potato 
plant. However, Werner (6) points out that the 
margined blister beetle of potatoes does have a 
grey form and that they occur on Clematis species 
of plants rather than potatoes, and furthermore, 
that they are actually a n  Epicauta species distinct 
from that found on potatoes. This and related 
species have been found on plants of the Ranuncu- 
laceae, Solanaceae, Leguminosae, and Compositae 
familes. One is referred to studies conducted by 
Werner (6-9) and Selander (10-13) on the 
Meloidae, genera Epicauta, for plants from which 
particular species were collected. 

The Meloidae, or blister beetle family, are centered 
mostly in the arid and semiarid areas of the world, 
and at the present time, this family comprises ap- 
proximately 75 genera and some 2000 described 
species (14). More than three-fourths of the North 
American entomological literature on the Meloidae 
deals with members of Epicauta. Werner (69) 
and Selander (15, 16) have made major contribu- 
tions to the collection and entomological data of the 
genus Epicauta and the M e l d u e  in North America 
and Mexico, while MacSwain (14) and Blackwelder 
(17) have compiled comprehensive classification 
check lists on the Colepterous insects. 

Because of its toxicity and irritation properties, 
cantharidin is little used in human medicine, al- 
though it was once used extensively as a vesicant. 
Today, its use is confined to veterinary medicine 
as an irritant and stimulant for hair growth. 
Among the uses that have been reported for this 
substance are : aphrodisiac, anticarcinogenic, anti- 
hypertensive, herbicide, insecticide, vesicant, hair 
growth stimulant, diagnostic agent in leprosy, and 
agent to remove warts. Several cases (18-21) of 
poisoning from cantharidin have been reported. 

Cantharidin (cantharidine) (exo-1,2-cis-dimethyl- 
3,6 - epoxyhexahydrophthalic anhydride) has 
been assigned structure I by Gadamer (22) and 
his collaborators (23). It is optically inactive, 
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nonresolvable, and exists naturally as the cis-isomer. 
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Further proof of this structure was made by 
Woodward and associates (24), who synthesized 
desoxycantharidine (cantharidin lacking the oxide 
bridge). Stork and his associates (25) reported the 
first total synthesis of cantharidin in 1952. How- 
ever, other investigators also contributed significantly 
toward the chemistry and synthesis of this com- 
pound; worthy of mention, they are Schenck et ul. 
(26), Paranjape (27), Pai et at. (28), Iyer et al. (29), 
and Ziegler et al. (30). Physical and chemical 
characteristics of cantharidin may be found in the 
literature (31, 32). In this investigation, 1 Gm. 
of cantharidin was found t o  be soluble in 50 ml. of 
dimethylsulfoxide at room temperature (28’). 

The isolation of cantharidin from blister beetles 
has been studied extensively, particularly in an 
attempt to improve upon previous methods of 
separation. It occurs partly free and partly 
combined in the insect; the nature of the combina- 
tion is unknown. This unknown complex adds to  
the difficulty of extraction and quantitative de- 
termination. In  general, the methods employed 
for separation utilize continuous extraction with 
chloroform, acetone, or ethanol, alone or in the 
presence of an acid (HCI or HNOa). The extract 
is concentrated in vucuo and treated with petroleum 
ether or benzene to  remove lipid material, then 
crystallized from a mixture of petroleum ether and 
ethanol (1:9). Further purification may be ob- 
tained by repeated recrystallization or sublimation. 

In  this study, cantharidin was extracted from E .  
pestqeru in a Soxhlet extractor using acetone, 
cooled, the insoluble material collected, the extract 
evaporated in nacuo, then submitted directly to 
sublimation. Pure cantharidin was obtained. The 
quantitative analysis was conducted using the pro- 
cedure outlined in the “United States Pharmacopeia 
XI” (33). Infrared and NMR spectra, elemental 
analysis, physical constants, and thin-layer chro- 
matography of isolated cantharidin when compared 
to the pure substance showed the two compounds to 
be identical. 

EXPERIMENTAL 

Approximately 200 Gm. of E .  fiestifera beetles 
were collected for this study during July and August 
of 1965 near Hattiesburg, Miss., and stored in a 
refrigerator (10’) in a closed jar t o  which a few 
drops of chloroform were added to  prevent microbial 
deterioration. They were found on the ornamental 
vine, Clemenatis panicdata. 

Isolation of Cantharidin.-The beetles (100 Gm.) 
were placed in a Waring blender and 150 ml. of 
acetone was added. The mixture, after being blended 
for 5 min., was decanted into a Soxhlet thimble and 
extracted for 18 hr. with acetone. The olive 

I h 

40003000 2000 1500 c m - 1  I000 900 800 700 

Fig. 1.-Infrared spectrum of cantharidin in KBr 
pellet. 

5 6 8  9 p.p.rn.(T) 10 

Fig. 2.-NMR spectrum of cantharidin in CDCL. 
Solvent, CDC18; temperature, 37’ ; filter bandwidth, 
4 c.P.s.; R. F. field, 0.04 mg.; sweep time, 250sec.; 
sweep width, 500 c.P.s.; sweep-offset, 0 c.P.s.; spec- 
trum amp, 25; 10; integral amp, 625 -+; remarks, 
500 +. 

colored solution, on cooling, yielded a heavy dark 
brown precipitate and a white flocculant precipitate 
which settled on top of the brown syrupy material. 
The white substance (0.22 Gm.) was easily decanted 
from the heavy gummy material and sublimed 
directly at 110’ with vacuum using a sublimation 
apparatus (McCarter, Nester Faust). The crystal- 
line needle-like sublimate gave a melting point of 
217-218’ uncorrected. A mixed melting point with 
pure cantharidin showed no change. The infrared 
spectrum of the isolated cantharidin was obtained 
using a Perkin Elmer spectrophotometer in KBr 
pellets (Fig. 1) and was identical to  the pure ma- 
terial. 
NMR Spectroscopy.LNuclear magnetic reso- 

nance (NMR) spectra were obtained with a Varian 
A-60A spectrometer and were in agreement with 
the kxpected chemical shifts, multiplicity, and in- 
tensities. Samples were prepared as 10% solutions 
in CDCb and were not degassed. Tetramethyl- 
silane (TMS) was used as internal reference stand- 
ard. The NMR spectra of pure cantharidin and the 
isolated substance (Fig. 2) consisted of the following : 
(a) a sharp singlet a t  T = 8.74, relative intensity3, 
assigned to  the methyl protons of the methyl groups 
cis t o  the oxide bridge; ( b )  a doublet, -7 = 2 c.P.s., 
centered near T = 8.21 with relative intensity of 2 
assigned t o  the adjacent pairs of protons on the 
cydohexane ring; ( G )  a broad, low field absorption 

1 Acknowledgment is made to Mr. J. L. McClanahan 
and Mrs. J. M. Settine, Chemistry Department, Universit; 
of Mississippi, for their assistance in measuring and interpret- 
ing the spectra. 
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centered near T = 5.25, relative intensity 1, assign- 
able to  tertiary protons of the type at the oxide 
bridge. The absorption peaks a t  T = 2.70 are 
assigned to a CHC& impurity in CDCll and a t  
T = 10 to the reference standard, TMS. 

And-Calcd. for CloHlzOl: C, 61.21; H, 6.17; 
0, 32.62. Found: C, 61.29; H, 6.27; 0, 33.52. 

Thin-Layer Chromatography.-Thin-layer chro- 
matography was conducted on acetone solutions 
of cantharidin prepared from E. pestifera and of 
the pure substance. Chromagram sheets (East- 
man, K301R2) and prepared Silica Gel G plates 
were used in the tests with comparable results. 
Shimano (2) has reported the use of paper chro- 
matography for analyzing mixturcs containing 
can tharidin. 

Several detection systems were tested with satis- 
factory results: iodine; bromocresol green, 0.1% 
in isopropanol with NaOH added until appearance 
of blue color; 50% aqueous sulfuric acid solution 
with a trace of chromium trioxide. In the case of 
iodine the chromatogram was placed in a closed 
container containing iodine crystals. Cantharidin 
with broniocresol green gave a yellow coloration. 
A contrasting white spot revealed the presence of 
cantharidin when sprayed with the sulfuric acid 
solution. 

Development of the chromatogram can be made 
with either acetone, chloroform, or an acetone- 
benzene (1 :9) mixture. All systems showed rela- 
tive movement of cantharidin: acetone (Rf = 
0.74-0.75); chloroform ( R f  = 0.61 to  0.59); ace- 
tone-benzene mixture ( R f  = 0.50). 

The Rf  values and chemical response to the 
indicators for pure cantharidin and isolated can- 
tharidin were sufficiently close to  conclude these 
data as further confirmation that the isolated sub- 
stance was indeed cantharidin. 

Quantitative Determination.-A quantitative esti- 
mation of cantharidin and E. pestifera was de- 
termined by the method outlined in the U.S.P. XI 
(33). The dried beetles (15 Gm.) were ground to 
a coarse powder and placed in a round-bottom 
flask. A mixture (150 ml.) of benzene and petro- 
leum ether (2: l )  which contained 2 ml. of HC1 was 
added. The flask was stoppered, shaken, and 
allowed to stand for 24 hr. a t  room temperature 
(28”). I t  was then heated to  40” and maintained 
a t  this temperature for 3 hr. with frequent shaking. 
After cooling, a portion of the mixture, 100 ml. 
representing 10 Gm. of beetles, was decanted and 
filtered into a tared beaker. The solution was 
evaporated to a volume of approximately 5 ml. 
using a stream of nitrogen gas and 5 ml. of chloro- 
form added. The solution was evaporated to  
dryness. Ten milliliters of a wash mixture of equal 
volumes of petroleum ether and absolute ethanol 
which had previously been saturated with cantharidin 
was added to  the residue to remove coloring and 
lipid materials. This mixture was allowed to stand 
for 15 mix, then decanted through a pledget of 
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purified cotton. This step was repeated until 
approximately 40 ml. of the wash solution had been 
used. The crystals which had collected on the 
cotton were then washed in the same manner with 
25 ml. of petroleum ether which had been saturated 
with cantharidin. The crystals were white and 
free of coloring and lipid materials. Chloroform 
(10-ml. portions) was passed over the cotton to 
remove any cantharidin adhering to the cotton. 
This washing was returned to  the tared beaker. 
The solvent was evaporated, and the crystalline 
residue dried for 0.5 hr. a t  60’. The 100 ml. of 
original extract, representing 10 Gm. of beetles, 
yielded 0.1092 Gm. of cantharidin or approximately 
1.09% by weight of dried beetles. 

Further work is being conducted on the structure- 
activity relationship of the cantharidin molecule 
and the specific structure of certain derivatives of 
which past investigators have expressed some 
reservation. 
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