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High-Performance Liquid Chromatographic Determination of 
Sesquiterpene Dialdehydes and Antifungal Activity from Polygonum 
hydropiper 
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Faculty of Engineering, Fukuyama University, Higashimura-cho, Fukuyama 729-02, Japan 

The antifungal sesquiterpene dialdehydes polygodial and warburganal from Polygonum hydropiper 
were determined by high-performance liquid chromatography. Polygodial and warburganal were clearly 
separated on an ODS column using methanol-Hz0 as a mobile phase. These sesquiterpene dialdehydes 
accumulated in young leaves and shoots and possessed antifungal activity. The antifungal activity of 
P. hydropiper was attributed to these sesquiterpene dialdehydes. 

INTRODUCTION 

A series of unique sesquiterpene dialdehydes, polygodial 
(l), ugandensidial (4), warburganal (21, and muzigadial 
(3), were originally isolated as insect antifeedants from 
the East African medicinal plants Warburgia stuhlmannii 
and Warburgia ugandensis (Kubo et al., 1976, 1977; 
Nakanishi and Kubo, 1977; Meinwald et  al., 1978). The 
ground bark of these plants is used not only in folk medicine 
but also as a spice for food. Among the oxidation products 
of the drimane skeleton, polygodial, warburganal, and 
muzigadial were found to have potent antifungal activity 
(Taniguchi et al., 1983,1984). Further research revealed 
that the antifungal activity of these sesquiterpene dial- 
dehydes was due to cell membrane damage in susceptible 
fungi (Taniguchi et al., 1988a; Yano et al., 1991). The 
membrane permeability of other drugs was enhanced by 
the dialdehydes, and synergistic effects were observed 
(Taniguchi et al., 1988b; Yano et al., 1989). 

Polygodial and warburganal occur in Polygonum hy- 
dropiper L. (Fukuyama et al., 1982,1985). P. hydropiper 
is used as a medicinal herb against cancer (Hartwell, 1970) 
and hemostatics (Steinberg, 1928). The young shoot is 
eaten and used as a spice with raw fish in Japan. 

The occurrence of these sesquiterpene dialdehydes as 
metabolites in some plants is of interest from the viewpoint 
of biogenesis, pharmacology, and chemotaxonomy. This 
paper describes a method for the determination of 
polygodial and warburganal in plant materials, and the 
relationship between accumulation of these sesquiterpenes 
and antifungal activity in plant extracts was examined. 
Their structures are shown in Figure 1. 

EXPERIMENTAL PROCEDURES 

Sesquiterpene Dialdehyde Standards. Polygodial and 
warburganal were gifta from Dr. I. Kubo (University of Califomia), 
which were identified metabolites isolated from W. ugandensis 
and W. stuhlmannii, respectively (Kubo et al., 1976, 1977). 

Equipment. Reversed-phase chromatography was performed 
using a Toeho HPLC system including a CCCP dual pump, a 
fixed-wavelength absorbance detector UV 8O00, and a Sic 
Chromatocorder 11 electronic integrator. Separations were 
achieved with a TSK-gel ODs-12OT (particle size, 5 Mm) column 
(25 cm X 4.6 mm i.d.) at an elution rate of 1.0 mL/min. A TSK 
guardgelODS-12OTcolumn (1.5 cm X 3.2” i.d.) wasconnected 
just before the separation column. Polygodial and warburganal 
were detected at 231 nm, the only A, these compounds possess. 

* Author to whom correspondence should be addressed. 
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( 3 )  ( 4 )  
Figure 1. Structures of antifungal sesquiterpene dialdehydea. 
(1) Polygodial; (2) warburganal; (3) muzigadial; (4) ugandensidial. 
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Figure 2. HPLC of antifungal sesquiterpene dialdehydee from 
the extract of P. hydropiper. (I) Warburganal; (11) polygodial. 

Extraction of Sesquiterpene Dialdehydes. Youlg seed- 
lings (3-cm shoot length) of P. hydropiper were collected near 
the Ashida River (Fukuyama, Japan) in May 1990 and were 
further grown hydroponically (Kyowa Hyponica syatem) in a 
greenhouse. At  various growth stages (&, 15-, 25-,35-, 6, and 
55-cm shoot length, which correspond to 6,13,19,24,30, and 39 
days further growth, respectively), each plant was harvested and 
divided into leaves, stems, and roota. Each sample was extracted 
in a screw-capped test tube with 20 mL of 95% methanoug of 
fresh tissue for 24 hat room temperature. The methanol extract 
was evaporated and the dried extract partitioned between ethyl 
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Figure 3. Changes in the sesquiterpene dialdehydes contents in various organs during plant growth of P. hydropiper. Each plot shows 
the mean of three to five analyses of independent extracts. Plant materials subjected to the analysis were obtained from one hydroponic 
system throughout the experiment. (0) Leaf; (A) stem; (0) root. 
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Figure 4. Changes in the antifungal activity of organ extracts 
during plant growth of P. hydropiper. (0) Led, (A) stem; (0) 
root. 
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Figure 5. Changes in the antibacterial activity of organ extracts 
during plant growth of P. hydropiper. (0) Leaf; (A) stem; (0) 
root. 

acetate (AcOEt) and H20. The AcOEt layer was evaporated to 
dryness. Methanol was added to the residue, and 10-pL aliquota 
were analyzed by HPLC. 

Antimicrobial Amsay. The antimicrobial activity of plant 
extracta was examined by the paper disk method (Haraguchi et 
al., 1990). A paper disk (Toyo, 8 mm i.d.) was soaked in the 
methanol extract solution of each plant organ. After drying, 
disks were put onto individual agar plates seeded with Saccha- 
romyces cereuisiae IF0 0203 or Pseudomonas aeruginosa IF0  
3080. The asmy plates consisted of 2.5% malt extract and 1.5% 
agar for fungi (S. cereuisiae) or 3% nutrient broth and 1.5% agar 
for bacteria (P. aeruginosa). The plates were incubated at  25 
(fungi) or 37 O C  (bacteria). After 2 days of incubation, the 
diameters of growth-inhibiting zones were measured. 

RESULTS AND DISCUSSION 

HPLC Analyeis. With an elution solvent of 60% 
methanol, both warburganal and polygodialeluted as sharp 
peaks (Figure 2) with retention times of 11.7 and 21.5 min, 

respectively. Increasing the proportion of methanol to 
water increased the retention times. When methanol was 
replaced by acetonitrile, warburganal eluted too quickly. 
When the proportion of acetonitrile decreased, the re- 
tention time of polygodial was greater. The solvent system 
using methanokHz0 (6040) was acceptable. 

The linearity of the detector response was verified using 
a series of methanol solutions containing sesquiterpene 
dialdehydes. The relationship between peak areas (de- 
tector responses) and amount of polygodial or warburganal 
injected was linear over 0.125-2 and 0.5-10pg, respectively. 

The results obtained from analyses of extracts are given 
in Figure 3 and show that the contents of polygodial 
continued to increase for up to 25 cm of plant growth. 
Warburganal was present in much younger plant. The 
amounts of these sesquiterpenes were larger in leaves. 
However, increasing plant growth decreased the contents 
of polygodial and warburganal. 

Antimicrobial Activity. Figure 4 shows the relation- 
ship of plant growth and antifungal activity of plant 
extract. The extracts of younger leaves exhibited potent 
antifungal activity against S. cereuisiae. Root extract had 
no effect on fungal growth. Root extracts showed low 
sesquiterpene dialdehyde contents (Figure 3). The graphic 
pattern of antifungal activity corresponds with the sea- 
quiterpene dialdehyde content. The diameter of the 
growth-inhibiting zone was in proportion to the amount 
of polygodial or warburganal (data not shown). The disk 
soaked in 36 pg/mL polygodial showed 22 cm of growth- 
inhibiting zone; this corresponds with the sesquiterpene 
dialdehyde content and the growth inhibitory zone of the 
25-cm plant extract. 

Extracts of P. hydropiper also possessed antibacterial 
activity against P. aeruginosa, as shown in Figure 5. This 
activity was observed in all organs, including roots, and 
continued up to 35 cm of plant growth. The antibacterial 
activity did not seem to be correlated with the accumu- 
lation of sesquiterpene dialdehydes. 

The antifungal activity of P. hydropiper extract was 
considered to be due to the sesquiterpene dialdehyde 
polygodial and/or warburganal. The antibacterial activity 
seemed to be the effect of other components. Comparisons 
between hydroponically grown plants and field-collected 
ones and between wild species and agricultural ones are 
now in progress. 

ACKNOWLEDGMENT 

technical assistance. 
LITERATURE CITED 
Fukuyama, Y.; Sato, T.; Aeakawa, Y.; Takemoto, T. A Potent 

Cytotoxic Warburganal and Related Drimane-type Sesqui- 

We thank Mr. N. Shiraga and Mr. K. Ikuta for their 



Antifungal Sesquiterpene Dialdehydes from P. hydropiper 

terpenoids from Polygonum hydropiper. Phytochemistry 
1982,21, 2895-2898. 

Fukuyama, Y.; Sato, T.; Miura, I.; Asakawa, Y. Drimane-type 
Sesqui- and Norsesquiterpenoids from Polygonum hydropiper. 
Phytochemistry 1985,24, 1521-1524. 

Haraguchi, H.; Taniguchi, M.; Motoba, K.; Shibata, K.; Oi, S.; 
Hashimoto, K. Chrysodin, an Antifungal Antimetabolite. 
Agric. Biol. Chem. 1990, 54, 2167-2168. 

Hartwell, J. L. Plants Used against Cancer. Lloydia 1970, 33, 
288-392. 

Kubo, I.; Lee, Y. W.; Pettei, M. J.; Pilkiewicz, F. P.; Nakanishi, 
K. Potent Army Worm Antifeedanta from the East African 
Wargurgia Plants. J. Chem. Soc., Chem. Commun. 1976,1013- 
1014. 

Kubo, I.; Miura, I.; Pettei, M. J.; Lee, Y. W.; Pilkiewicz, F. P.; 
Nakanishi, K. Muzigadial and Warburganal, Potent Antifun- 
gal, Antiyeast, and African Army Worm Antifeedant Agents. 
Tetrahedron Lett .  1977, 4553-4556. 

Meinwald, J.; Prestwich, G. D.; Nakanishi, K.; Kubo, I. Chemical 
Ecology: Studies from East Africa. Science 1978,199,1167- 
1173. 

Nakanishi, K.; Kubo, I. Studies on Warburganal, Muzigadial 
and Related Compounds. Zsr. J. Chem. 1977,16, 28-31. 

Steinberg, A. D. Method for Extracting and the Properties of 
Active Principles of Polygonum hydropiper. 2. Exp. Biol. 
Med. 1928,9,376-383. 

J. Agric. Food Chem., Vol. 41, No. 1, 1993 7 

Taniguchi, M.; Adachi, T.; Haraguchi, H.; Oi, S.; Kubo, I. 
Physiological Activity of Warburganal and Its Reactivity with 
Sulfhydryl Groups. J. Biochem. 1983,94,149-154. 

Taniguchi, M.; Adachi, T.; Oi, S.; Kimura, A,; Katsumura, S.; 
Isoe, S.; Kubo, I. Structure-Activity Relationship of the 
Warburgia Sesquiterpene Dialdehydes. Agric. Biol. Chem. 

Taniguchi,M.;Yano,Y.;Tada,E.;Ikeniehi,K.;Oi,S.;Haraguchi, 
H.; Hashimoto, K.; Kubo, I. Mode of Action of Polygodial, an 
Antifungal Sesquiterpene Dialdehyde. Agric. Biol. Chem. 
1988a, 52,1409-1414. 

Taniguchi, M.; Yano, Y.; Motoba, K.; Tanaka, T.; Oi, S.; 
Haraguchi, H.; Hashimoto, K.; Kubo, I. Polygodial-induced 
Sensitivity to Rifampicin and Actinomycin D of Saccharo- 
myces cerevisiae. Agric. Biol. Chem. 1988b, 52, 1881-1883. 

fano, Y.; Taniguchi, M.; Tada, E.; Tanaka, T.; Oi, S.; Haraguchi, 
H.; Hashimoto, K.; Kubo, I. Potentiation by Polygodial of the 
Respiration Inhibiting Activity of Maesanin in Candida utilis. 
Agric. Biol. Chem. 1989,53, 1525-1530. 

Yano, Y.; Taniguchi, M.; Tanaka, T.; Oi, S.; Kubo, I. Protective 
Effects of CaZ+ on Cell Membrane Damage by Polygodial in 
Saccharomyces cerevisiae. Agric. Biol. Chem. 1991,55,603- 
604. 

1984,48,73-78. 

Received for review June 8,1992. Revised manuscript received 
October 6, 1992. Accepted October 27, 1992. 


