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Molluscicides from Olive Olea europaea and Their Efficient Isolation by 
Countercurrent Chromatographies 

Two iridoid glycosides possessing a molluscicidal property, oleuropein and ligstroside, were isolated from 
fresh fruits of olive Olea europaea by using two efficient countercurrent chromatographies, rotation 
locular countercurrent chromatography (RLCC) and droplet countercurrent chromatography (DCCC). 
This is the first isolation of ligstroside from olive. 

In our preliminary screening for naturally occurring 
molluscicides for the control of schistosomiasis (Henderson 
et al., 1983; Kloos and McCullough, 1983; Kubo et al., 
1983b), we found that the crude methanol extract of fresh 
fruits of bitter olive Olea europaea (Oleaceae) exhibited 
molluscicidal property against the South American snail 
Biomphalaria glabratus.  Although the chemical constit- 
uents in this plant have been extensively studied 
(Schneider and Kleinert, 1972; Inoue et al., 1974), it was 
not known which of the constituents were responsible for 
this observed biological activity. Separation of the crude 
extract into ether, ethyl acetate, and water-soluble portions 
indicated the active components were in the ethyl acetate 
portion. Biological activity was monitored as previously 
described (Nakanishi and Kubo, 1977). Due to its polar 
nature, the bioactive ethyl acetate extract seemed ideally 
suited for further separation by countercurrent chroma- 
tography as has been previously applied to the resolution 
of many polar mixtures (Hostettmann, 1980; Kubo et al., 
1983a). 

This communication describes the efficient isolation of 
two molluscicidal iridoid glycosides by two countercurrent 
chromatographies, rotation locular countercurrent chro- 
matography (RLCC) and droplet countercurrent chroma- 
tography (DCCC). 
MATERIALS AND METHODS 

Materials. A methanol extract (162.4 g) was obtained 
from fresh fruits of 0. europaea (2.1 kg), which were 
collected in the University of California Berkeley campus 
in Sept 1982. Then, for the further separation, the 
methanol extract was partitioned into ether (6.8 g), ethyl 
acetate (24.6 g), and water-soluble (131.0 g) portions. 

RLCC. A RLCC separation was performed on a Model 
RLCC-A (Tokyo Rikakikai Co., Tokyo, Japan). The 
RLCC solvent system of chloroform-methanol-water 
(13:7:4 v/v) was chosen by prescreening the components 
of the ethyl acetate extract on a TLC plate (Macherey, 
Wage1 and Co., Duren, GFR, Polygram Si1 G/UV 254). 
The upper phase was chosen as the mobile phase in our 

0021-856 7 I841 1432-0687$0 1.5010 

RLCC system. The crude methanol extract (1.0 g) was 
dissolved in a (1:l v/v) mixture of the mobile and sta- 
tionary phases and injected into the RLCC apparatus by 
using a 3-mL sample chamber. The eluents were collected 
in 1.4-mL fractions. Fractions were monitored by TLC (Si1 
G/UV 254) with the organic layer of this solvent system. 
Visualization of the compounds on the TLC plate was 
accomplished by UV spectroscopy (Chromato-UVE Cab- 
inet, Model CC-60, Ultra Violet Products, Inc, CA) and 
using vanilinaulfuric acid-ethanol 3 g:1.5 mL100 mL) as 
a spray reagent. 

DCCC. A Model DCC-300-G2 (Tokyo Rikakikai Co., 
Tokyo, Japan) with 300 glass columns (400 mm X 2 mm 
i.d.) was used for the DCCC separation. The same solvent 
system as for RLCC was chosen, and the ethyl acetate 
extract (3.8 g) was dissolved in the solvent of the mobile 
phase and injected into the DCCC apparatus by using a 
10-mL sample chamber. The eluents were collected in 
1.5-mL fractions. Fractions were monitored with the same 
way as on the RLCC separation. 

Biological Assay. A molluscicidal activity was moni- 
tored as described previously (Nakanishi and Kubo, 1977). 
RESULTS AND DISCUSSION 

On a preliminary examination of the molluscicidal ac- 
tivity of the crude methanol extract of olive fruits, the 
extract killed the South American snail B .  glabratus within 
2 h a t  2000 ppm. For further screening, the methanol 
extract was separated into ether, ethyl acetate, and 
water-soluble portions. The ethyl acetate extract was 
found to have the molluscicidal activity. 

The Rf values of the main components in the active ethyl 
acetate extract were determined to be 0.2-0.5 on a TLC 
plate by using the organic layer of chloroform-metha- 
nol-water (13:7:4 v/v). In order to isolate such polar 
compounds, the very simple RLCC method was employed. 
In order to prevent any of loss of the active principles, the 
crude methanol extract was used for the RLCC separation. 
Figure 1 provides the weights of eluted compounds vs. the 
fraction number. Even though RLCC requires only small 
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Figure 1. RLCC of the methanol extract of 0. europaea (1.0 g) 
with CHCI,-MeOH-H,O (137:4 v/v) by the ascending method: 
1.4 mL/fraction; 3 days. 
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Figure 2. DCCC of the ethyl acetate extract of 0. europaea (3.78 
g )  with CHC18-MeOH-H20 (1324 v/v) by the ascending method: 
1.5 mL/fraction; 5 days. 

volumes of solvents, two pure compounds were radpily and 
nondestructively isolated. It took about 3 days for this 
separation. 

On the other hand, an alternative countercurrent chro- 
matography, DCCC, method of separation was also exam- 
ined. The ethyl acetate extract was used for this proce- 
dure. Figure 2 shows the weights of elutes vs. fraction 
number of this separation. This procedure took 5 days. 

Spectral determination of the isolated compounds were 
made from various spectral techniques (UV, IR, SI-MS, 
'H NMR, and 13C NMR) and showed them to be the bitter 
iridoid glycosides oleuropein (1) (Panizzi et al., 1960) and 
ligstroside (2) (Asaka et al., 1972). Spectral studies of the 
acetylated derivatives of these compounds confirmed the 
structures. This is the first time that RLCC has been 
applied to the separation of a plant constitution like iridoid 
glycosides and is also the first isolation of ligstroside from 
olive. 

The molluscicidal activities of oleuropein and ligstroside 
were LDW = 250 and 100 ppm, respectively, within 24 h 
against B. glabratus. When the olive is used for human 
food, these bitter iridoid glycosides are removed by ex- 
traction into water during the curing process. Perhaps 
some further commercial use could be made for these toxic 
glycosides, which at  present are discarded. 
ACKNOWLEDGMENT 

We thank Professor T. Kamikawa for NMR measure- 
ments and Dr. Y. Asaka for the authentic sample of ligs- 
troside. 

Registry No. 1, 32619-42-4; 2, 35897-92-8. 

LITERATURE CITED 
Asaka, Y.; Kamikawa, T.; Kubota, T.; Sakamoto, H. Chem. Lett. 

Henderson, T. 0.; Farnsworth, N. R.; Myers, T. C. Bull. W. H. 

Hostettmann, K. Planta Med. 1980, 39, 1. 
Inoue, H.; Ueda, S.; Inoue, K. Chem. Pharm. Bull. 1974,22,676. 
Kloos, H.; McCullough, F. Bull. W. H. 0. 1983, in press. 
Kubo, I.; Klocke, J. A,; Ganjian, I.; Ichikawa, N.; Mataumoto, T. 

Kubo, I.; Mataumoto, T.; Kakooko, A. B.; Mubiru, N. K. Chem. 

Nakanishi, K.; Kubo, I. Zsr. J. Chem. 1977, 16, 28. 
Panizzi, L.; Scarpati, M. L.; Oriente, G. Gam. Chim. Ital. 1960, 

Schneider, G.; Kleinert, W. Planta Med. 1972, 22, 109. 

1972, 141. 

0. 1983, in press. 

J.  Chromatogr. 1983a, 257, 157. 

Lett. 198313, 979. 

90, 1449. 

Isao Kubo* 
Akiko Matsumoto 

Division of Entomology and Parasitology 
College of Natural Resources 
University of California 
Berkeley, California 94720 

Received for review October 6,1983. Revised manuscript received 
February 21,1984. Accepted February 27,1984. We are grateful 
to Takasago Perfumery Company for the purchase of the DCC- 
300-G2 instrument. This work was partly supported by a US. 
Public Health Service Biomedical Grant to I.K. 


