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Plants of the genus Dioscoren have long been used as oriental folk medicine, and Dioscorea batatas
Decne has been cultivated for healthy food in Korea. Although the bulbils were produced 2,000 ton
annually, there are few reports for bioactive compounds in bulbils. In this study, three phenanthrenes
and two phenanthraquinones were isolated from the aerial bulbils of D. batatas Decne, and their struc-
tures were elucidated. Among them, compound 2 (6-hydroxy-2,7-dimethoxy-1,4-phenanthraquinone)
has not been reported previously. Evaluation of antimicrobial activities based on disk-diffusion assay,
MIC and MFC showed the compound 12 (6,7-dihydroxy-24-dimethoxyphenanthrene) has strong anti-
microbial activity with 25 pg/ml of MIC and MFC against Candida albicans. Our results suggested that
compound 12 has a potent antifungal activity, and the antimicrobial activity and its spectrum are
modulated by hydroxylation and methoxylation of phenanthrene ring moiety of the compound.
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fungicidal activity

Plants of the genus Dioscoren have long been used as
folk medicine to treat intestinal spasm, asthma, rheumatoid
arthritis, bronchitis, poor appetite, frequent and uncontrol-
lable urination and other diseases[3,10]. Recently, it was
demonstrated that the leaves of D. preussii have a strong
antileishmanial activity[11], and dioscin, prosapogenin A of
dioscin and beta-sitosterol, from the Dioscorea have strong
antifungal activity[1,12,15,16].

Among the Dioscorea genus which has over 600 species,
D. batatas Decne has been cultivated in Korea, and recog-
nized as a healthy food and digestive. In Korea, the annual
production of yam exceeds 4,311 ton and the consumption
has been increased during last decades|[13]. Although the
amount of bulbils of yam annually produced is estimated
to 2,000 ton, only limited amount of bulbils is used as a
seed for next year, and the majority of bulbils is discarded.
In Andong area, a major producing district in Korea, the
aerial bulbils of this edible yam have been used as seeds
and digestive healthy food like a yam tubers. The taste of
boiled bulbils is similar to that of boiled potato or
sweet-potato.
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Recent studies revealed that the root and rhizome of D.
batatas Decne contains various bioactive substances, such
as steroidal saponin[2], beta-sitosterol, antifungal bibenzyls,
antifungal phenanthrenes[4,19], and immune cell stimulat-
ing mucopolysaccharide[3]. However, the studies on the
bioactive compounds from the aerial bulbils still remained
rudimentary. Simply, in vitro micropropagation by direct
induction and determination of diosgenin content in bul-
bils were reported[14,17].

The antimicrobial and spasmolytic activities were ob-
served with different phenanthrene derivatives. For exam-
ple, 3,7-dihydroxy-24-dimethoxyphenanthrene and 3,7-di-
hydroxy-2,4,8-trimethoxyphenanthrene from the orchid
Scaphyglottis livida [5], 1,5,7-trimethoxy-9,10-dihydrophenan-
threne-2,6-diol and 1,5,7-trimethoxyphenanthrene-2,6-diol
from Nidema boothii[7], 2,5-dihydroxy-3,4-dimethoxyphenan-
threne, and 9,10-dihydro-2,5-dihydroxy-3,4-dimethoxyphenan-
threne from Maxillaria densal6], and 2,5-dihydroxy-4,9,10-
trimethoxyphenanthrene, 2,5-dihydroxy-4-methoxyphenan-
threne and 2,5,9-trihydroxy-4-methoxy-9,10-dihydrophenan-
threne from Dendrobium plicatile[8]. In addition, similar an-
tifungal phenanthrenes were reported in yam tuber[4,19].

In this study, we isolated different phenanthrenes and
phenanthraquinones from the aerial bulbils of D. batatas



648 VB ALK 2006, Vol. 16. No. 4

Decne, and evaluated antimicrobial activities of isolated
phenanthrene derivatives. Our results suggest that 6,7-di-
hydroxy-24-dimethoxyphenanthrene possess a potential as
an antifungal agent, and the antimicrobial activity and its
spectrum may be modulated by hydroxylation and me-
thoxylation of phenanthrene ring moiety of the compound.

Materials and Methods

Plant material, extraction and isolation

The aerial bulbils of yam (D. batatas Decne) were har-
vested from farm of the Gyeongbuk Agricultural Technology
Administration, Kyungpook, Korea in " November, 2002. A
voucher specimen (A-0360) was deposited at the Department
of Food and Nutrition, Andong National University,
Korea. The aerial bulbils of yam were chopped, dried at 60
°C, ground to powder, and stored at 4°C before use. The
powder (65 kg) was extracted with refluxing methanol for
3 days. After evaporation of methanol in vacuo, the resi-
due (1,030 g) was suspended in water and then extracted
with CHxCl. The CHyCla-soluble fraction (198 g) was sub-
jected to silica gel (7734, Merck Co., USA) column chroma-
tography eluted with hexane with ethylacetate (gradient 0
to 70%) to give seven fractions designated as D1 to D7.
The fraction D5 was chromatographed over silica gel with
hexane:ethylacetate (98:2~9:1) to give ten subfractions. The
seventh subfraction was chromatographed over silica gel
with CH:Cl; to give compound 1 and 10.

The fraction D6 was subjected to silica gel column chro-
matography eluted with hexane:ethylacetate (98:2~6:4) to
give twelve subfractions. The ninth subfraction was re-chro-
matographed over silica gel with CHyClzmethanol
(1000:0~1000:8) to give compound 2 and 11. The fraction D7
was subjected to silica gel column chromatography eluted
with CH2Cl:methanol (100:0~95:5) to give four subfractions.
The first subfraction was chromatographed over silica gel
with hexane:ethylacetate (8:2) to give compound 12.

|dentification of compound 1, 2, 10, 11 and 12.

Melting points (MP) were taken on a Fisher apparatus
without correction. Optical rotations were measured on a
Rudolph autopol III. Infra Red (IR) spectra were recorded
in KBr on a Bruker FI-IR spectrophotometer, and UV spec-
tra were recorded on Hitachi U-3010 spectrophotometer.
Nuclear Magnetic Resonance (NMR) spectra were obtained
on a Varian Unity INOVA500 (500 MHz for 'H NMR and

125 MHz for °C NMR) spectrometer using tetramethylsi-
lane as an internal standard at room temperature. Electrical
ionization mass spectra and fast-atom bombardment mass
spectra were obtained on a JEOL JMS-700 MSTATION.
Silica gel and TLC plate used were Kieselgel 60 (70-230
mesh, Merck) and Kieselgel 60 Fasu (precoated silicagel,
Merck), respectiviely.

Antibacterial activity assay

Bacterial strains used were Proteus vulgaris KCTC 2433,
Salmonella typhimurium KCTC 1926, Escherichia coli O157
ATCC 43895, Staphylococcus epidermidis ATCC 12228,
Streptococcus mutans JC-2, and Staphylococcus aureus KCTC
1916. The antibacterial activity was evaluated by disk-dif-
fusion assay as determined by growth inhibition zone
[18,20]. The bacteria to be tested were grown in nutrient
broth (Difco Co. USA) at 37°C for 24 h, and collected by
centrifugation. After spreading of each microorganism
(2x10° cells) on nutrient agar (Difco Co., USA), disk of
Whatman No.2 filter paper (diameter of 6 mm) contain-
ing the isolated compound (70 pg) was applied, and the
growth inhibition was measured after 24 hr. Compounds
1, 2, 10, 11, and 12 were dissolved in dimethylsulfoxide,
respectively. Dimethylsulfoxide (0.5%) was used as a sol-
vent control, and ampicillin (1 pg/disk) was used as a
positive control. All data were presented as the mean
values of triplicates for each microorganism.

Antifungal activity assay

Fungal strains used were Candida albicans ATCC 10231
as a representative fungus of Candidiosis, Botrytis cinerea
KACC 40574 as a plant pathogen and Saccharomyces cer-
evisige IFO 0233 as a control strain. The antifungal activity
was evaluated by disk-diffusion assay, and determination
of minimum inhibitory concentration (MIC) and minimal
fungicidal concentration (MFC) using Sabouraud dextrose
broth (Difco Co., USA), as previously reported|18,20]. For
MIC determination, the fungi were grown in Sabouraud
dextrose broth at 30°C for 24 h, and then 0.1 ml of cell cul-
ture was inoculated with 0.9 ml of fresh medium with dif-
ferent concentrations of phenanthrenes and phenan-
thraquinones (0, 1.5, 3.1, 6.2, 125, 25, 50, 70, and 100 p
g/ml), which were dissolved in dimethylsulfoxide. The
MIC was defined as the lowest concentration able to in-
hibit any visible microorganism growth, and was de-
termined by measuring cell growth OD after 48 h. The



MEC was determined by culturing 0.1 ml of the vortexed
broth from all tubes in the MIC assay on Sabouraud dex-
frose agar plates at 30°C for 48 h. The MFC was defined
as the lowest concentration which growth of fungal colony
was completely inhibited. Dimethylsulfoxide (0.5%) was
used as a solvent control, and miconazole and amphoter-
icin B (1.0, 1.5, and 2.0 pg/ml) were used as positive
controls. All data were presented as the mean values of
triplicates for each microorganism.

Results and Discussion

From the bulbils of D. batatss Decne, three phenan-
threnes and two phenanthraquinones were identified by
comparison of their physico-chemical properties and spec-
tral data with those reported in the literature[4,9,19].

Compound 1 showed following characteristics and iden-
tified as a 6-hydroxy-2,4,6-trimethoxyphenanthrene (batatasin
D) [419]. MP  142~143 C; UV Amax (CH:OH) nm @ 220,
(sh)237, (sh)250, 259, 282(sh), 293(sh), 306(sh), 328, 344, 360;
FAB-MS m/z 284 [M]'; IR (KBr) vma cm” : 3494 (O-H),
1624, 1433, 880, 852, 825, 816, 679, 619 (aromatic ring),
1611, 1578, 1527, 1502, 1462, 1437, 1394, 1367, 1336, 1302,
1285, 1267, 1207, 1193, 1163, 1156, 1140, 1088, 1061, 1033,
956, 940; 'H-NMR (DMSO-d;, 500 MHz) 6 : 389 (3H, s,
2-OCHs), 391 (3H, s, 7-OCHs), 4.05 (3H, s, 4-OCHs), 6.78
(1H, d, 725 Hz, H-3), 7.00 (1H, 4, }<2.5 Hz, H-1), 7.36 (1H,
s, H-8), 751 (1H, d, ]=9.0 Hz, H-10), 7.66 (1H, d, }=9.0 Hz,
H-9), 890 (1H, s, H-5), 933 (s, 6-OH); "C-NMR (DMSO-ds,
125 MHz) ¢ : 1588 (C4), 157.1 (C-2), 1468 (C-7), 146.3
(C-6), 1342 (C-10a), 1275 (C-9), 125.9 (C-8a), 124.7 (C-4b),
1238 (C-10), 1144 (C-4a), 1124 (C5), 108.7 (C8), 101.3
(C-1), 987 (C-3), 557 (4-OCHs), 553 (7-OCHa), 55.2
(2-OCHa).

Compound 2 showed following characteristics and iden-
tified as a 6-hydroxy-2,7-dimethoxy-1,4-phenanthraquinone,
which has not been reported previously. MP  250~253 C; IR
(KBr) vimax e’ : 3440 (O-H), 1634, 1487 (1,4-pheananthrquinone
C=0), 1612, 1583, 1568, 1535, 1436, 1398, 1366, 1270, 1236,
1165, 1132, 1072, 1024, 939, 886, 850, 798, 750; EL-MS my/z
284 [M]', 269, 255, 226, 213, 185, 170, 142; HREI-MS m/z
284.0688 (calculated for CieHisOs, 284.0683); 'H-NMR
(DMSO-ds, 500 MHz) ¢ : 3.85 (3H, 5, 2-OCHs), 3.95 (3H, s,
7-OCH;) 6.25 (1H, s, H-3), 743 (1H, s, H-8), 7.85 (1H, 4,
J=3.5 Hz, H-10), 8.09 (1H, 4, ]=8.5 Hz, H-9), 896 (1H, s,
H-5), 1029 (6-OH); "C-NMR (DMSO-d;, 125 MHz) & :
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188.92 (CA4), 181.08 (C-1), 158.79 (C-2), 151.69 (C-6), 151.46
(C-7), 13415 (C-8a), 13298 (C-9), 129.77 (C-10a), 126.44
(C4b), 12477 (CHa), 119.85 (C-10), 111.95 (C-3), 109.91
(C-5), 107.98 (C-8), 56.87 (2-OCHa), 56.12 (7-OCHa)

Compound 10 showed following characteristics and
identified as a 7-hydroxy-2,4,6-trimethoxyphenanthrene(4].
MP 174 C; UV Ima (CH;OH) num : (sh)237, (sh)253, 260,
282(sh), 293(sh), 305(sh), 329, 345, 362; IR (KBr) vmex cm™ :
3434 (O-H), 1612, 1486, 870, 837, 805 (aromatic nucleus),
1450, 1442, 1417, 1280, 1215, 1165, 1140, 1088, 1058, 1022,
935; FAB-MS m/z 284 [M]"; '"H-NMR (DMSO-ds, 500 MHz)
4 389 (3H, s, 4-OCHy), 3.95 (3H, s, 6-OCHs), 408 (3H, s,
2-OCHs), 6.80 (1H, d, J=3.0 Hz, H-3), 7.01 (1H, 4, J=2.5 He,
H-1), 722 (1H, 4, J=2.0 Hz, H-8), 754 (1H, 4, [=9.0 Hg,
H-10), 758 (1H, 4, [=8.5 Hz, H-9), 898 (1H, s, H-5), 9.35
(1H, s, 7-OH); "C-NMR (DMSO-ds, 125 MHz) ¢ : 15857
(C-2), 156.92 (C4), 147.87 (C-6), 145.29 (C-7), 133.92 (C-10a),
12696 (C9), 126.88 (C8a), 124.63 (C-10), 123.55 (C-4b),
111.89 (C-8), 114.76 {C-4a), 108.75 (C-5), 101.45 (C-1), 98.98
(C-3), 55.93 (2-OCH3), 55.24 (6-OCH3), 55.16 (4-OCHj).

Compound 11 showed following characteristics and iden-
tified as a 7-hydroxy-26-dimethoxy-1,4-phenanthraquinone
(dioscoreanone)[9]. MP 250~253 C; IR (KBr) Vimax em®
3436 (O-H), 1635, 1482 (1,4-phenanthraquinone C=0), 1583,
1418, 1340, 1277, 1233, 1213, 1167, 1135, 1070, 1027, 947,
868, 790; FAB-MS m/z 285 [M+H]"; "H-NMR (DMSO-ds, 500
MHz) 6 : 3.86 (3H, s, 2-OCH3), 3.96 (3H, s, 6-OCH3), 6.23
{1H, s, H-3), 7.26 (1H, s, H-8), 7.87 (1H, d, J=85 Hz, H-10),
8.03 (1H, d, [=9.0 Hz, H9), 9.0 (1H, s, H-5), 10.3 (s, 7-OH);
BC-NMR (DMSO-ds, 125 MHz) § : 188.5 (C-4), 180.3 (C-1),
158.2 (C-2), 1524 (C-6), 1495 (C-7), 1343 (C-8a), 1316
(C-9), 1286 (C-10a), 12473 (C4b), 124.69 (C-4a), 1200
(C-10), 111.2 (C-3), 110.2 (C-8), 106.0 (C-5), 56.3 (2-OCHs3),
554 (6-OCHa).

Compound 12 showed following characteristics and
identified as a 6,7-dihydroxy-2,4-dimethoxyphenanthrene[19].
MP 206 C; UV Amex (CHsOH) nm: 220, (sh)253, 260,
283(sh), 293(sh), 306(sh), 330, 345, 363; IR (KBr) Vs cm” :
3383 (O-H), 1616, 1587, 1548, 1504, 1486, 866, 839, 814, 673
(aromatic nucleus), 1466, 1446, 1423, 1396, 1273, 1211, 1200,
1169, 1130, 1087, 1065, 935; EI-MS m/z (rel. int.) 270 (100)
[M]", 255 (18), 237 (10), 227 (16), 212 (16), 184 (11), 135 (10);
"H-NMR (DMSO-ds, 500 MHz) ¢ : 388 (3H, s, 2-OCHa),
4.04 (3H, s, 4-OCHs), 6.76 (1H, 4, [=2.5 Hz, H-3), 6.97 (1H,
d, ]=3.0 Hz, H-1), 7.17 {1H, 5, H-8), 745 (1H, 4, [=9.0 Hg,
H-10), 7.53 (1H, 4, ]=9.0 Hz, H-9), 8.86 (1H, br 5, H-5), 9.30
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(1H, d, J=65 Hz, 7-0H), 933 (1H, 4, 70 Hz, 6-OH);
PCNMR (DMSO-ds, 125 MHz) & : 15859 (C4), 156.73
(C-2), 145.76 (C-6), 144.54 (C-7), 133.85 (C-10a), 127.10 (C-9),
12612 (C-8a), 123.79 (C-4b), 123.60 (C-10), 11447 (C4a),
11241 (C-5), 111.86 (C-8), 101.27 (C-1), 98.57 (C-3), 55.61
(4-OCHs), 55.05 (2-OCHs). The structures of compound 1,
2,10, 11, and 12 were shown in Fig. 1.

Antimicrobial activity of isolated compounds was eval-
uated against various pathogenic, food spoilage and plant
pathogenic microorganisms based on disk-diffusion assay
(Table 1). Ampicillin showed high activity against gram
positive-, and gram negative- bacteria, while miconazole
was active against fungi. Compound 12 (6,7- dihy-
droxy-24-dimethoxyphenanthrene) showed strong and
broad-spectrum antimicrobial activity, but compound 1
(batatasin 1) is slightly active against only fungi.
Compound 2, 10, and 11 did not show antibacterial and
antifungal activity. Compound 11 has minor antibacterial
activity against S. epidermidis. Compound 12 was more ef-
fective against S. cerevisiae or C. albicans than B. cinerea.

The MICs of compound 12 against different bacteria and
fungi were determined (Table 2). Miconazole and ampho

(a)

9 10

8 8 —— 10a 1
) )
R1 MeO

1: R1=0OH, R2=OMe (6-hydroxy-2,4,6-trimethoxyphenanthrene)
10: R1=OMe, R2=0H (7-hydroxy-24,6-trimethoxyphenanthrene)
12: R1, R2=OH (6,7-dihydroxy-2,4-dimethoxyphenanthrene)

(b)

2: R1=0H, R2=0Me (6-hydroxy-2,7-dimethoxy-14-phenanthraquinone)
11: R1=OMe, R2=OH (7-hydroxy-2,6-dimethoxy-14-phenanthraquinone)

Fig. 1. Structures of the (a) phenanthrenes (compound 1, 10
and 12) and (b) phenanthraquinones (compound 2 and
11) from the aerial bulbils of D. batatas Decne.

Table 1. Evaluation of antimicrobial activities of phenanthrenes and phenanthraquinones from the bulbils of D. batatas Decne

against different bacteria and fungi*

Diameter of growth inhibition zone (mm)

Compound Fungi Gram negative bacteria Gram positive bacteria
CA' BC SC PV ST EC SE SM SA
Ampicittin 2 - . 28 20 13 13 15 30
Miconazole 17 12 12 -
1 9 8 10 - - - -
2 " - . - - .
10 - - - - - - - - -
11 - - - - - - 9 - -
12 18 8 19 25 20 9 13 15 25

*70 ug of samples (compounds 1, 2, 10, 11, and 12), and 1 pg of ampicillin or 1 pg of miconazole were used per disk, respectively.
'CA: Candida albicans, BC: Botrytis cinerea, SC: Saccharomyces cerevisiae, PV: Proteus vulgaris, ST: Salmonella typhimurium, EC:
Escherichia coli O157, SE: Staphylococcus epidermidis, SM: Streptococcus mutans, SA: Staphylococcus aureus. > : No inhibition.

Table 2. MICs of compound 12 (6,7-dihydroxy-2,4-dimethoxyphenanthrene) against different bacteria and fungi

Minimal Inhibitory Concentration (ug/ ml)!

Compound Fungi Gram negative bacteria Gram positive bacteria
CA’ BC sC PV ST EC SE SM SA
Ampicillin K - - 1.25 1.25 1.25 25 5.0 0.63
Miconazole 15 20 15 - - - - - -
Amphotericin B 1.5 20 1.5 - - - - - -
12 25 125 25 50 50 > 100 100 > 100 50

"MIC: Minimal Inhibitory concentration (ug/ml),

’CA: the abbreviations of bacteria and fungi were the same as those of Table. 1.

5. No inhibition.



tericin B at the concentration of 2.0 pg/ml completely in-
hibited fungal growth and prevented fungal colony
formation. Ampicillin showed strong activity against dif-
ferent bacteria. Compound 12 showed strong antifungal ac-
tivity with MIC value of 25 pg/ml against C. albicans and
S. cerevisiae, while MIC value against B. cinerea was 125 p
g/ml. Against P. vulgaris, S. typhimurium and Staphylococcus
aureus, compound 12 showed activities with MIC value of
50 pg/ml. These results were consistent with the previous
report[19], although only growth inhibition was reported.
Our results indicated that the antimicrobial activity of phe-
nanthrene is modulated by hydroxylation or methoxylation.

MFC values of compound 12 against C. albicans and 5.
cerevisiae were 25~50 pg/ml, and the values were similar to
MIC, suggested that the cell growth inhibition is mediated
by fungicidal action. The effect of compound 12 on the
growth of the fungi was investigated (Fig. 2). After treat-
cell was counted using Sabouraud dextrose agar plates ev-

(a)
6
E s
>
W
o
[
g 4
-
34
2 T T
0 2 4 6 8 10 12 14
7
(b)
& . o
5
E
5 4
i
o
3
o 31
-1
-l
24
1
0 T r T T T T {
0 2 4 6 8 10 12 14
Time (h)

Fig. 2. The suppressive effect of compound 12 (6,7-dihy-
droxy-2 4-dimethoxyphenanthrene) on the growth of
(@) C. albicans and (b) S. cerevisize. Symbols: e, no
treatment; V, 25 ug/ml; ¥, 50 ug/ml; O, 100 pg/ml
of compound 12 and w, 1 pg/ml of miconazole.
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ment of compound 12 to culture (10° cell/ml), the viable
ery 3 h. The suppressive effects of compound 12 were evi-
dent and showed concentration dependent manner. After
treatment of compound 12 at 25 pg/ml concentration, the
cell viability was rapidly decreased showing first-order
kinetics. These results indicate that compound 12 has a
prominent fungicidal activity, and suggest that 6,7-dihy-
droxy-2,4-dimethoxyphenanthrene in the bulbils of yam is
responsible for defense mechanism against microbial
infection. Further researches on the mode of action of
6,7-dihydroxy-2,4-dimethoxyphenanthrene, and modification

of the structure for activity increase are necessary.
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