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Research Progress on Phenanthrenes from Dioscorea Plants and Their Pharmacological Activities

LI Huihui, LYU Jieli", ZHANG Laibin"(School of Pharmacy, Xinxiang Medical University, Xinxiang 453003, China)

ABSTRACT: Dioscorea is an important source of traditional Chinese medicine, many traditional Chinese medicine such as
Dioscoreae Rhizoma, Dioscoreae Nipponicae Rhizoma, Dioscorea Hypoglauca Rhizoma, Dioscoreae Panthaicae Rhizoma,
Dioscoreae Spongiosae Rhizoma all come from this genus. Phenanthrene compounds are an important class of chemical
constituents in this genus, including five structural types of phenanthrene monomer, dihydrophenanthrene,
tetrahydrophenanthrene, phenanthrenequinone and phenanthrene dimer. They possess anti-tumor, anti-inflammatory, antioxidant,
hypoglycemic, anti-obesity, antibacterial, antiviral, neuroprotective and other pharmacological activities. Some phenanthrenes
from Dioscorea have various activities and significant effects, and have good prospects for development and utilization. At
present, there has been no systematic review on phenanthrenes from Dioscorea plants. In this paper, the phenanthrenes from
Dioscorea plants and their pharmacological activities are reviewed to provide reference for related studies and promote the
development and utilization of Dioscorea plants.

KEYWORDS: Dioscorea; phenanthrenes; pharmacological activities; research progress
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Tab.1 Phenanthrenes from the Dioscorea plants

a9 G2 K TR ER PN

1 batatasin | D. batatas; D. opposite; D. dumetorum; [4-22]
D. rotundata; D. sansibarensis; D. oppositifolia

2 3,5-dimethoxyphenanthrene-2,7-diol D. opposita; D. oppositifolia; D. batatas; [12-14,17,19,22-26]
D. sansibarensis

3 2,6-dihydroxy-4,7-dimethoxyphenanthrene D. opposite [14]

4 6,7-dihydroxy-2,4-dimethoxyphenanthrene D. opposita; D. oppositifolia; D. batatas [14-15,18,20-21,25-26]

5 7-hydroxy-2,4,6-trimethoxyphenanthrene D. rotundata; D. batatas; D. sansibarensis [16,20,22]

6 2,4,6,7-tetramethoxyphenanthrene D. rotundata; D. sansibarensis [16,22]

7 4,7-dihydroxy-2,3,6-trimethoxyphenanthrene D. nipponica [27]

8 3,7-dihydroxy-2,4,6-trimethoxyphenanthrene D. nipponica [27-28]

9 2,7-dihydroxy-3,4,6-trimethoxyphenanthrene D. bulbifera [29]

10 1,6-dihydroxy-2,5,7-trimethoxyphenanthrene D. bulbifera [29]

11 2,4-dimethoxyphenanthrene-3,7-diol D. bulbifera; D. antaly [29-33]

12 flavanthrinin D. bulbifera [29-30,33-35]

13 confusarin D. esculenta [36]

14 nudol D. esculenta; D. bulbifera [30,32-33,36-38]

15 herorensol D. communis [39]

16 chrysotoxene D. communis [39]

17 2,4,8-trimethoxy-3,7-phenanthrenediol D. communis [39]

18 2,3,4-trimethoxy-7,8-methylenedioxyphenanthrene D. communis [39]

19 2,4-dimethoxy-7,8-methylendioxy-3-phenanthrenol D. communis [39]

20 2,4,6,7-phenanthrenetetrol D. bulbifera [30]

21 cassigarol D D. bulbifera; D. antaly [30-31]

22 dioscopposide A D. opposita [40]

23 dioscopposide B D. opposita [40]

24 3,4,6-trihydroxyphenanthrene-3-O-B-D-glucopyranoside D. opposita [41]

25 4-methoxyphenanthrene-2,3,7-triol D. bulbifera [32,37]

26 7-hydroxy-2,3,4-trimethoxyphenanthrene D. bulbifera [32,38]

27 2,3,4,6,7-pentamethoxyphenanthrene D. sansibarensis [22]

28 hircinol D. rotundata; D. opposite; D. bulbifera [16-17,24,32]

29 2,5-dihydroxy-7-methoxy-9,10-dihydrophenanthrene D. opposita; D. communis; D. bulbifera [17,24,32,39]

30 7-hydroxy-2,3,5-trimethoxy-9,10-dihydrophenanthrene D. nipponica [27]

31 6-methoxycoelonin D. nipponica [27-28]

32 4,7-dihydro-2,6-dimethoxy-9,10-dihydrophenanthrene D. nipponica [28]

33 diosniposide B D. nipponica [28]

34 2,4,6,7-tetrahydroxy-9,10-dihydrophenanthrene D. bulbifera; D. persimilis [29-30,42-43]

35 diobulbinone A D. bulbifera [29]

36 orchinol D. communis; D. bulbifera [38-39]

37 flavanthridin D. bulbifera [30,32,37-38]

38 2,7-dihyoxy-3,4-dimethoxy-9,10- dihydrophenanthrene D. bulbifera [32-33,38]

39 2,7-dihydroxy-4-methoxy-9,10-dihydroxyphenanthrene D. bulbifera [32]

40 3-hydroxy-2,4,7-trimethoxy-9,10-dihydrophenanthrene D. bulbifera [38]

41 2-hydroxy-3,4,7-trimethoxy-9,10-dihydrophenanthrene D. bulbifera [38]

42 7-hydroxy-2,3,4-trimethoxy-9,10-dihydrophenanthrene D. bulbifera [38]

43 2-hydroxy-4,7-dimethoxy-9,10-dihydrophenanthrene D. bulbifera [38]

44 5,6-dihyoxy-2,4-dimethoxy-9,10- dihydrophenanthrene D. membranacea; D. zingiberensis; D. septemloba [44-47]

45 5-hyoxy-2,4,6-trimethoxy-9,10- dihydrophenanthrene D. membranacea [44]

46 2,5,6-trihyoxy-3,4-dimethoxy-9,10- dihydrophenanthrene D. membranacea; D. zingiberensis; D. septemloba  [44-47]

47 2,5-dihyoxy-3,4,6-trimethoxy-9,10- dihydrophenanthrene  D. zingiberensis [46]

48 diospersimiloside A D. persimilis [42]

49 diospersimiloside B D. persimilis [42]

50 2,7-dihydroxy-3,4,6-trimethoxy-9,10-dihydrophenanthrene  D. nipponica [48]

51 2,5-dihydroxy-4,6-dimethoxy-9,10-dihydrophenanthrene D. zingiberensis [49]
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52 prazerol D. prazeri [50]
53 9,10-dihydrophenanthrene-2,4,7-triol D. alata [51]
54 2,7-dihydroxy-1,3,5-trimethoxy-9,10-dihydrophenanthrene D. decipiens [52]
55 dioscoroside F, D. septemloba [53]
56 dioscoroside F, D. septemloba [53]
57 diosbulbinone D. bulbifera [54]
58 6-hydroxy-2,7-dimethoxy-1,4-phenanthraquinone D. batatas [20,55]
59 7-hydroxy-2,6-dimethoxy-1,4-phenanthraquinone(dioscoreanone) D. batatas; D. membranacea; D. hypoglauca; [20,44,56-60]
D. nipponica
60 2,6,7-trihydroxy-1,4-phenanthrenedione D. bulbifera [30]
61 ephemeranyhoquinone D. bulbifera [37]
62 2,5,7-trimethoxy-9,10-dihydrophenanthrene-1,4-dione D. zingiberensis [46]
63 3,5,7-trimethoxyphenanthrene- 1,4-dione D. prazeri [61]
64 6,7-dihydroxy-2-methoxy-1,4-phenanthrenedione D. opposite; D. septemloba [62-63]
65 2,2°,7,7-tetrahydroxy-4,4’,6,6’-tetramethoxy-1,10-biphenanthrenes D. nipponica [27]
66 [1,1°-biphenanthren]-2,2",3,3°,6,6°,7,7-octaol D. bulbifera [30]
67 2,2°,6,6’-tetramethoxy-4,4’,7,7’-tetrahydroxy-1,1’-biphenanthrenes  D. septemloba [47]
68 diosbiphenanthrene D. persimilis [42]
69 4,4°,7,7 -tetrahydroxy-2,2’,6,6 -tetramethoxy-1,1’-bi-9,10- D. nipponica; D. septemloba [48,64]
dihydrophenanthrenyl
70 2,2°,7,7’-tetramethoxy-[1,1’-biphenanthrene]-4,4”,6,6 -tetrol D. nipponica [65]
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1 EFHBEEYTHELKRReMEN
Fig. 1  Structure of phenanthrene monomers from the
Dioscorea plants
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Fig. 2 Structure of dihydrophenanthrenes from the Dioscorea
plants
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membranacea 53 EAFFAERE 59, F0FFE HXT LPS
I RAW 264.7 4l fifd =4 NO F1 TNF-a fHI il
P, G5 SRR IZ AL S WX NO Ay AE A B8
HFE R (IC50=9.8 pmol-L™"), /N FHMENT IR L-fil§
FHE B (1C50=61.8 pmol-L"); LAk, ZAb&Yxt
TNF-o YA b B A 858 0 30 AFE FH (ICso=
17.6 umol-L 1),
2.3 HEfk

FI AR A v () AR EALFIR YT 2 Fh g
EH A N SR T 8ok 8 £ 1) 5 . Boudjada

PR 25 2022 48 12 H 5 39 57 23 )

439 53 DPPH FIl ABTS FHES T A i JETH R . 4
B R JE e S A A IR AR R R A
AW 16 F1 17 HIHTEAALRE T, 2 M-S YRR LRI
FERPUEALTETE, H 17 BRI R T 16,
HEMPTRER R 17 M5 L&A E 2R
Confusarin(13) 1 nudol(14)/& M D. esculenta /35
EN 2 AHE, B TR DPPH H LI BRIEH,
ICs0 43-91°4(19.63+0.09) F1(37.91+0.08)mg- L1361 {k,
G2 AR T BEAVIRER, 2 R REuRT
Serd E AL EUHIE RAW 264.7 4H 0 is R KO
REfS I % DPPH I F R ST B 7 A 5, 2 Al
4 LX) PMys W5 T M AU 2AT B S T R Tie e
FI B PUEAERZ2], Kim 28 D. batatas #
SrEAREIEE 1, 2 f1 4, @i DPPH, ABTS FHE T
AR I E T 3 PRI T, 4558
7R3E 2 % DPPH H Hi L1 ABTS PHES 7 [ h 340
FEEH BRI G, 1Cso 20910 0.064 5,
0.048 2 mg-mL~', FHM: L-BUIR IR (ICso 4351 K
0.043 1, 0.049 9 mg'mL™"); tb54 1 fil 4 Xt DPPH
H HEEHT ABTS BHES - 1 HH LRI AH X 555 A
HliE:. tEWY 67 =M D. septemloba HZEH 4355
BN — R E R K, Zib A HA DPPH A
AR B ERIEBRVER, 1Cso 43911 24(0.13+0.09)
F1(4.25+0.17)umol - L~ 471

AR 28, 29 Fi 53 HLAGIEBE DPPH H i3t
s A B A M AEER, RIH—EmPiEl
PRI, Du ZELpEA — S TF 44, 46 1 47 1E 20,
40, 80 pmol L~ ¥k T Bk DPPH H HAEATRE
Wl SHEXBEYELER C MR, kEY
46(80 umol- L~ EA#5R A DPPH H HILHRR,
THBRFER 53.32%. XEALAYiERR DPPH [ 2
PG T- 5 BN a4 M R A A G, 3
FE b B A BUE A EH, 5% 59 B4 DPPH HH
ILIEBRVER, LEY) 64 RENSRFR Sl AR B
1 AR R R BRI P TR /K572
2.4 [EImAE

WL Z5(D. opposite)ityTHEIRIG, tHET (PR
ARELZ), B4HCATEZEMMN DR, BUCH
FERM, WA RGBS REEE, HYS GLUT4 &
KPR A R0 112 2 WE BB R A SR AN 5
(AR s /N BRI 2 IR UM /K-, el b i, i
S JIEL [ A0 I = W KO- JC B BT U RRABRE
AV D A T 15 S R PR /0N B 235 L AR 7K
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MBI, B S PUEL RS AT Re ek
S5 50 TR B R B R A TR 275 M PR /D BRI JR
S RN, FEAKZS W OB RN S IS 7K, L
] B 3 2 G PISKV/AKt {553 8%, o e
WA, 80/ S A 1T R AR B VE R, Zhang
AEUOLR 36 5 1) -5 B v 00 3 € 135 DA 1Ly
2B ELE Y 1, Z W B o-HRRE T
B 115 PE(1C50=0.77 mmol-L™"), Zhang SEP1R
o 2 W il T R AL R ME 9 K BORE AR ZE B, 45
FRRORORH (% - T B AR, DAL 24 B S B v bt i
Ve a-HAIFETT RSN, MELS Y 1 4, 24
AP oA HE LT B P (ICs0 23501 2.55,
0.40 mmol-L~"yi# TR A (IC50=3.52 mmol- L),
LU IR o 78 26 0 B 1 2 A AE 53 i A4
A RSN A%, RN T L2 R sk
TR TRE, e TA 1 f 4 32 4 a-
HAPE T RIS, Zhao ZEBUI D. bulbifera H
REIEE 21, &4 4E 34 FHE Rk 66, X 3 MEA
Yy B S Y o AR T A I T M (ICso=
2.08~46.29 umol-L7Yy , 5if F B I 4 09 15 Pk
(IC50=328.21 pmol-L™"); Jf Hixsefb W HAHE A
i & TR W B2 B 1B B0 ) 35 M (ICs=3.36~
23.79 umol-LY), #/RiX 3 MEEWHA o- % b
AN 2 A 1 2 PR R 1B XA HIVE
2.5 B

RE S 1) 2 A el B A 2R i R AL S ke, MR i
YL A 2 B 7 A L R oAk ) 25 SR U4 F
SR ACEY 1 REHEINE] 3T3-L1 B i 40 i b it
AL it A Y B 0 32 AR y(20 pmol L' SR T
A R 76.2%)f1 CCAAT/H 58 T 455 E 1 a
(20 pumol- L' 544 F Al FF& 20.9%) 0355 [RIAT,
WA 20 pmol L' B AT S i@ AR b AMP 1L
P (p-AMPK) Fl PR B e 19 2 7 il - 1 (CPT- 1) (19 3%
ik, $OREA Y 1 AT REE 0 A ARG A
YISAE 2K v Fl CCAATAMIR 455 1 o LUK
1% p-AMPK HI CPT-1 A 5 195 40 M o3 AL A AR 7 A
B JBERE T R A —Fh E R R a1 T
JAIB N 50%~70% G i 107 K A AR e, PRIk,
JER R o T T 7 AL e RS o OGSV T, T e i iy il
T C R KR e 5 A B RE R Y
—FhSgEmEs 70 A 2, 28 1 29 EA S I
POHITE M, 1Cso 43530 (12.72£1.41), (40.61£1.93)
F1(25.09+6.35)umol- L' | Jeong & M5 D.
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oppositifolia 1E T BEFEBUYIX &= BB IX 15 B LB
NP EVE R Z 8L, D. oppositifolia 1F T 42
BT 2 AT MEVE ICR /NI BT .
B o5 N W A AU i DL SO T =R L S
P MG 285 B2 MR 2 - IR s, R IR 2 0 D TR A
AR HIRAR B 5, A A2 o3 e 46 R 3K W 4
B S&AEEY 1 F 2, N D. zingiberensis 1143
BB B 2 44 REAS I HepG2 4R g i Hh =
eyl Rk 46 ARSI HepG2 4l
HoH I =R Y A2
2.6 PLHEPUNEE

3E 5 =& JE 27 BRUEZ W Botryodiplodia
theobromae . Fusarium moniliforme , Penicillium
sclerotigenum , Aspergillus niger, Botrytis cinerea
8%, Cladosporium cladosporioides %5 EL & IR ZE45 1Y
A K(EDs=16~79 pg'mL™"), RILEHTEEMEHI,
MR KB, 3E 1 X} Candida albicans . B. cinerea Fll
Saccharomyces cerevisiae F.F .7~ H 55 B &
fEH, JE 4 BARMBIEEIEN, X C. albicans
1 S. cerevisiae B AR R E{E N 25 pg-mL!,
AR FHRE (A 25~50 pg-mL-'; [A]F 4 LB
SR RN TS AT IRTE M, X 22 [CE R Proteus
vulgaris Fl Salmonella typhimurium VL)% FGBH
P Staphylococcus aureus AR R EH A
50 pg-mL'BO0, HIV-1 3% & — 52T &8 B4t
HIV 28— DR AW R, B E R
AT HIV s 6l b2/ Z —. M D. bulbifera
AOERZF b B AR 2R A EE 34 Bon ikl HIV-1
AWETE, [Csoftihy 14.20 pmol-L-', #F—254)
TR 5P 34 5 Thre6. GInl48. Glul52,
Asn155 Fll Lys159 & s JE U, R AEM AR,
UEIIZAL IR HIV-1 345 Wl 4 Ak Sy ELA
il 7 FET,
2.7 iR

S e M S A A T A T, AR
XA, A K] DUMB B 2 i 2o d
JE A 2 E RS, JE 8, TEE 32 A 33 g
et Co M A P A E KIN T 1, 1L
HY 8 BIVEH Fm K- FH s 22(162.35+16.18) %], 8
ARSI N2a A i 2 5 A= K28, Ma 5162
K AR A FERIZF PPN TR 64 X B2 AL
PRI SRR, SRR 64 BLA IR AR
PHEH

B 22 2022 48 12 A% 39 E:5 23 I



2.8 Pradfl

T 203 0 7 RIS S50 A K 290 i 0 1, 8 8 il
KRS IR, T B-C WMl E # 5 d e—
A MR A 241 e e 8 i 2 200 i mp B S, I T 1 Ry
RBL-2H3 AE K40 3t J0k: PR 10 o 3k S 7 400
R M A e SRR LB, TR
N RAETEIWVINGS G, JE00 KA R 519 40 W,
TNF-o M1 IL-4U81, JEWE 59 0T 47 i $t 5 15 =
RBL-2H3 JE 20 g X} B- 0 0¥ I il 119 8 i (ICs0=
7.7 umol-LY), {H 100 pmol-L~" ¥ T B /R 55 Y B-
OB BB 5 1, VLB AL Pl T PR
SBCRLVE T, (EXT B- O e e 44 TG B (5
AL, 59 i 7R BT RS 519 RBL-2H3 AE K4
JfLH TNF-o Al IL-4 BERCAAMEITEH:, 1Cso 23000
8.1, 6.0 pmol-L~", 59 XM A1 HA T ik s 1
AT I 35 P R 24 580,
2.9  PrEEm

3k 2 Fl 4 A5 Py 230 e I R Xa FLIfL
ANBRERER A, EATTAT LA EE M Xa 194k
VEF, B0 —BERR IR A U46619 5 519 1ML/ M R
£ BATR AT H ADP-F1 U46619 75 S0 A T5%
PEfb s N R C MK IR (b Fl P-E B R W3R
ik, RO /MRS B 1 [b/1TTa 3244, {2 iE—
FALE R AR N R -1 2o, RS
EarsE R, 2 MEE Y EA SR IIARYE T
EEIMAER . EATRBTIm AR 2555 5 R H D BEAR 4170,
2.10  HAbIE

<1 RV A g Tt A0+ 7500 245 49 T FH T B 7R % 1 R
FRIIRYT o 9E 17 SR H IR AR AR S B0 i 35 1
(ICs50=69.41 pg-mLYy, 3 17 F1 19 BA T BEAR AR ES
BT P (ICs0 23 31 14.60, 11.4 pg-mL"), 5
T B PE X BB O 22 fth A B0 H TS PR (Cs=
34.75 pg-mL~HB, il SRR R E T 1(high
mobility group box 1, HMGB){5 5@ # & i MR
I7 R BEAE 1Y A A S IR 9T RSB, Jeong A1
<3k 2 F1 4 X HMGB1 A S0 e [ i FUE
SEFLEE N5 T B R R A B RN R e, 2
LKW, LAY 2 A4 M HMGB1 B9R, Tk
HMGB1 509 A BT # DK N B 40 A8 0 J vy o 2
MEA WA GEF HMGB1 500/ N B s v
MAMMEER. A, B 2 MG PRI nlBEA%
HIHEFLEHE SR HMGB1 Bl . MeERaEAH ¢
FET R AR i . 4E 2 F0 4 J& a4l

PR 25 2022 48 12 H 5 39 57 23 )

HMGBI {55l Hf 7 M AE R E 258 3F 1 A0
4 T i MCF-7 4 B 384 5 FIME S K B 3214 (estrogen
receptor B, ERP)FE MCF-7 4l g bt ik, R
MR TG TE S5, BEWT ERB W] 5 4 1] MCF-7
YHRIEFE AN ERP Kk, R 2 MEA WG s 1R
FHZH ERB Ayt
3 HEERE

HRURMY DGz, REEE, H
Hh i EEOR T . SFER G Y R E TR Y
HER R —IAE Sy, S ARk =
AAE. WWEHE. JEBRAFERIR 5 A, HAT
MNEBRAAY P B E T 70 MERLEY,
ENTRAT Z 8, JERAm A dE A
PR . PrEA . BRIEE . BUIEKE . BURPOE S
WPk, WEIEEAPIRIENE, FEREAHUNE .
ik . b, Mty ud AR, ES
RIKEABUIE . BB RS M. JUHE
batatasin I(1). 3,5-dimethoxyphenanthrene-2,7-diol(2)
#1 6,7-dihydroxy-2,4-dimethoxyphenanthrene(4), iX
UG ETEEZ R, iR . Jiafk. B
MwE . PUICHE . PUEHUREE . brBkinsE, HAEA
AP PER, ARG I R R R R . AR
H i A S E BB Y HEERE G Y P S T
—E e, [BAEIREARZAE, WEFE, JE
B A AE Z RIKF AR A, R EZEHTE AT
B FE TR SR RIS PR S 200 b, A R — IR A
o FERMGVEZEBREY PRI FE, 45
MZTEEPEZ R, MERE DR A, KA
L HURA Y BT AR A 2 o T R A

REFERENCES

(11 PEEERE T ERY S REE R 2. hEEYS: 5 16 &
M]. dbE: Bl2f i iRat, 1985: 54-55.

[2] WANGIJH, GAO HR, GUANY, et al. Overview of research
and application of Dioscorea[J]. Res Pract Chin Med(E{f¢H?
25T 555K, 2019, 33(5): 83-86

[3] TOTH B, HOHMANN J, VASAS A. Phenanthrenes: A
promising group of plant secondary metabolites[J]. J Nat Prod,
2018, 81(3): 661-678.

[4] HASHIMOTO T, HASEGAWA K, YAMAGUCHI H, et al.
Structure and synthesis of batatasins, dormancy-inducing
substances of yam bulbils[J]. Phytochemistry, 1974, 13(12):
2849-2852.

[S] HASHIMOTO T, HASEGAWA K, KAWARADA A.
Batatasins: new dormancy-inducing substances of yam
bulbils[J]. Planta, 1972, 108(4): 369-374.

[6] EL-OLEMY M, REISEN 1J. Isolation of batatasin I from

Chin J Mod Appl Pharm, 2022 December, Vol.39 No.23 -3155-



(10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

-3156 -

non—dormant bulbils of Dioscorea opposita. an improved
method for isolation of batatasin I.![J]. Planta Med, 1979,
37(9): 67-69.

IRELAND C R, SCHWABE W W, COURSEY D G. The
occurrence  of  batatasins in  the
Phytochemistry, 1981, 20(7): 1569-1571.
EL-OLEMY M M, REISCH J. Notizen: isolation of batatasin I
from Dioscorea dumetorum Rhizomes[J]. Zeitschrift Fiir
Naturforschung C, 1979, 34(3/4): 288-289.

LU Y, JIN M H, PARK S J, et al. Batatasin I, a naturally
occurring phenanthrene derivative, isolated from tuberous

Dioscoreaceae[J].

roots of Dioscorea batatas suppresses eicosanoids generation
and degranulation in bone marrow derived-mast cells[J]. Biol
Pharm Bull, 2011, 34(7): 1021-1025.

ZHANG L, BAI B, LIU X H, et al. A-glucosidase inhibitors
from Chinese yam (Dioscorea opposita thunb.)[J]. Food Chem,
2011, 126(1): 203-206.

YANG M H, CHIN Y W, CHAE H S, et al. Anti-adipogenic
constituents from Dioscorea opposita in 3T3-L1 cells[J]. Biol
Pharm Bull, 2014, 37(10): 1683-1688.

YOON K, YANG M, CHIN Y, et al. Development of gradient
centrifugal partition chromatography method and its
application for the isolation of 3,5-dimethoxyphenanthrene-
2,7-diol and batatasin-I from Dioscorea opposita[J]. Nat Prod
Sci, 2009(15): 144-150.

YOON K D, YANG M H, NAM S 1, et al. Phenanthrene
derivatives, 3,5-dimethoxyphenanthrene-2,7-diol and batatasin -I,
as non-polar standard marker compounds for Dioscorea
rhizomal[J]. Nat Prod Sci, 2007, 13(4): 378-383.

LI Q, ZHANG C R, DISSANAYAKE A A,

Phenanthrenes in Chinese yam peel exhibit antiinflammatory

et al.

activity, as shown by strong in vitro cyclooxygenase enzyme
inhibition[J]. Nat Prod Commun, 2016, 11(9): 1313-1316.
REN Y J,ZENG M N, CAO Y G, et al. A new diphenylethane
and a new dibenz[b, floxepin with estrogenic activity from the
stems and leaves of Dioscorea oppositifolia L[J]. Phytochem
Lett, 2019(33): 26-30.

COXON D T, OGUNDANA S K, DENNIS C. Antifungal
phenanthrenes in yam tubers[J]. Phytochemistry, 1982, 21(6):
1389-1392.

YANG M H, CHIN Y W, YOON K D, et al. Phenolic
compounds with pancreatic lipase inhibitory activity from
Korean yam (Dioscorea opposita)[J]. J Enzyme Inhib Med
Chem, 2014, 29(1): 1-6.

ZHANG S S, QIU B B, ZHU J H, et al. Rapidly screening of
a-glucosidase inhibitors from Dioscorea opposita Thunb. peel
based on rGO@Fe;O0, nanocomposites microreactor[J]. J
Enzyme Inhib Med Chem, 2018, 33(1): 1335-1342.

JEONG E J, JEGAL J, AHN J, et al. Anti-obesity effect of
Dioscorea oppositifolia extract in high-fat diet-induced obese
mice and its chemical characterization[J]. Biol Pharm Bull,
2016, 39(3): 409-414.

KUM E J, PARK S J, LEE B H, et al. Antifungal activity of
phenanthrene derivatives from aerial bulbils of Dioscorea
batatas Decne[J]. J Life Sci, 2006, 16(4): 647-652.

ZHANG S S, WU D D, LI H, et al. Rapid identification of
a-glucosidase inhibitors from Dioscorea opposita Thunb peel

Chin J Mod Appl Pharm, 2022 December, Vol.39 No.23

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

(31]

(32]

[33]

[34]

[35]

[36]

extract by enzyme functionalized Fe;O, magnetic
nanoparticles coupled with HPLC-MS/MS[J]. Food Funct,
2017, 8(9): 3219-3227.

DISSANAYAKE A A, MMONGOYO J A, NAIR M G.
Zanzibar yam(Dioscorea sansibarensis Pax) isolates exhibit
cyclooxygenase enzyme and lipid peroxidation inhibitory
activities[J]. Nat Prod Res, 2022, 36(18): 4719-4723.

LIM J S, HAHN D, GU M J, et al. Anti-inflammatory and
effects of  2,7-dihydroxy-4,6-dimethoxy
phenanthrene isolated from Dioscorea batatas Decne[J]. Appl
Biol Chem, 2019(62): 29.

YANG M H, YOON K D, CHIN Y W, et al. Phenolic

compounds with radical scavenging and cyclooxygenase-2

antioxidant

(COX-2) inhibitory activities from Dioscorea opposita[J].
Bioorg Med Chem, 2009, 17(7): 2689-2694.

LEE W, JEONG S Y, GU M J, et al. Inhibitory effects of
compounds isolated from Dioscorea batatas Decne peel on
particulate matter-induced pulmonary injury in mice[J]. J
Toxicol Environ Health A, 2019, 82(12): 727-740.

JEONG S Y, KIM M, PARK E K, et al. Inhibitory functions of
novel compounds from Dioscorea Batatas decne peel on
HMGB 1 -mediated septic responses[J]. Biotechnol Bioprocess
Eng, 2020, 25(1): 1-8.

LU D, LIU J P, LI H J, et al. Phenanthrene derivatives from
the stems and leaves of Dioscorea nipponica Makino[J]. J
Asian Nat Prod Res, 2010, 12(1): 1-6.

WOO K W, KWON O W, KIM S Y, et al. Phenolic
derivatives from the rhizomes of Dioscorea nipponica and
their anti-neuroinflammatory and neuroprotective activities[J].
J Ethnopharmacol, 2014, 155(2): 1164-1170.

LIU H, TSIM K W K, CHOU G X, et al. Phenolic compounds
from the rhizomes of Dioscorea bulbifera[]]. Chem Biodivers,
2011, 8(11): 2110-2116.

ZHAO Y, KONGSTAD K T, LIU Y Q, et al. Unraveling the
complexity of complex mixtures by combining high-resolution
pharmacological, analytical and spectroscopic techniques:
Antidiabetic constituents in Chinese medicinal plants[J].
Faraday Discuss, 2019(218): 202-218.

RAKOTOBE L, MAMBU L, DEVILLE A, et al. Clerodane
and 19-norclerodane diterpenoids from the tubers of Dioscorea
antaly[J]. Phytochemistry, 2010, 71(8/9): 1007-1013.

LIL M, LI G Q, WU X, et al. Stilbenoids from rhizomes of
Dioscorea bulbifera[J]. Chin Tradit Herb Drugs( ™ & 24),
2014, 45(3): 328-332.

LIU J S, GAO W N, ZHENG J, et al. Chemical constituents
from fresh tubers of Dioscorea bulbifera[J]. China J Chin
Mater Med(H[E H25243%), 2017, 42(3): 510-516.

KUETE V, BETRANDTEPONNO R, MBAVENG A T, et al.
of the
compounds from Dioscorea bulbifera[J]. BMC Complement
Altern Med, 2012(12): 228.

TEPONNO R B, TAPONDJOU A L, DJOUKENG J D, et al.
Isolation and NMR assignment of a pennogenin glycoside

Antibacterial activities extracts, fractions and

from Dioscorea bulbifera L. var sativa[J]. Nat Prod Sci,
2006(12): 62-66.

AMINAH N S, HIDAYAH R, TANJUNG M. Confusarin and
nudol, two phenathrene group compounds, from Dioscorea

P E SR T2 2022 4F 12 A48 39 545 23 1)



[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

esculenta L. and their antioxidant acitivities[J]. J Chem
Technol and Metall, 2017(52): 1135-1139.

WANG Q, XU F H. Chemical constituents of ethyl acetate
fraction from Aeschynanthus bracteatus[J]. J Chin Med
Mater(FFZ5#41), 2013, 36(3): 414-415.

LUO GY,LANG T Q, ZHOU M, et al. Chemical components
from rhizomes of Dioscorea bulbiera[J]. Nat Prod Res Dev(k
RPEMIRFIE S %), 2017, 29(9): 1504-1511.

BOUDJADA A, TOUIL A, BENSOUICI C, et al
Phenanthrene and dihydrophenanthrene derivatives from
Dioscorea communis with anticholinesterase, and antioxidant
activities[J]. Nat Prod Res, 2019, 33(22): 3278-3282.

ZHENG K Y Z, ZHANG Z X, ZHOU W L, et al. New
phenanthrene glycosides from Dioscorea oppositalJ]. J Asian
Nat Prod Res, 2014, 16(2): 148-152.

SAUTOUR M, MITAINE-OFFER A C, MIYAMOTO T, et al.
A new phenanthrene glycoside and other constituents from
Dioscorea opposita[J]. Chem Pharm Bull(Tokyo), 2004,
52(10): 1235-1237.

NGAN N T T, HOANG N H, HIEN N T, et al. Cytotoxic
phenanthrenes and phenolic constituents from the tubers of
Dioscorea persimilis[J]. Phytochem Lett, 2020(40): 139-143.
CHANIAD P, WATTANAPIROMSAKUL C, PIANWANIT
S, et al. Anti-HIV-1 integrase compounds from Dioscorea
bulbifera and molecular docking study[J]. Pharm Biol, 2016,
54(6): 1077-1085.

ITHARAT A, THONGDEEYING P, RUANGNOO S.
Isolation and characterization of a new cytotoxic
dihydrophenanthrene from Dioscorea membranacea rhizomes
and its activity against five human cancer cell lines[J]. J
Ethnopharmacol, 2014(156): 130-134.

THONGDEEYING P, ITHARAT A, UMEHARA K, et al. A
novel steroid and cytotoxic constituents from Dioscorea
membranacea Pierre against hepatocellular carcinoma and
cholangiocarcinoma cells[J]. J Ethnopharmacol, 2016(194):
91-97.

DU D, ZHANG R, XING Z H, et al 0910-
Dihydrophenanthrene derivatives and one 1, 4-anthraquinone
firstly isolated from Dioscorea zingiberensis C. H. Wright and
their biological activities[J]. Fitoterapia, 2016(109): 20-24.

HE T, LIU Y, XIONG R F, et al. A new phenanthropyran and
a new biphenanthrene from the rhizomes of Dioscorea
septemloba and their antioxidant activities[J]. Nat Prod Res,
2020, 34(15): 2202-2207.

LU D, LIU J P, LI P Y. Dihydrophenanthrenes from the stems
and leaves of Dioscorea nipponica Makino[J]. Nat Prod Res,
2010, 24(13): 1253-1257.

DU D, JIN T, ZHANG R, et al. Phenolic compounds isolated
from Dioscorea zingiberensis protect against pancreatic acinar
cells necrosis induced by sodium taurocholate[J]. Bioorg Med
Chem Lett, 2017, 27(6): 1467-1470.

BISWAS M, SOM U K, GHOSH P K, et al. Prazerol, a new 9,
10-dihydrophenanthrene derivative isolated from Dioscorea
prazeri[J]. Tetrahedron, 1988, 44(15): 4871-4876.

AMINAH N S, YULVIA A, TANJUNG M. Methyl-3,
9-10-dihydrophenanthrene-2.,4,
7-triol two phenolic compounds from Dioscorea alata L. and

4-dihydroxybenzoate  and

PR 25 2022 48 12 H 5 39 57 23 )

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

their antioxidant activity[J]. AIP Conf Proc, 2017, 1888(1):
020050.

SUNDER R, RANGASWAMI S, REDDY G C S. A new
dihydrophenanthrene from
Phytochemistry, 1978, 17(6): 1067.
ZHANG Y, RUAN J Y, L1 J, et al. Bioactive diarylheptanoids
and stilbenes from the rhizomes of Dioscorea septemloba
thunb[J]. Fitoterapia, 2017(117): 28-33.

NGAN N T T, HOANG N H, TRUONG V V, et al
Anti-inflammatory

Dioscorea decipiens[J].

norclerodane diterpenoids and
tetrahydrophenanthrene from the leaves and stems of
Dioscorea bulbiferalJ]. Fitoterapia, 2021(153): 104965.
JINMH, LU Y, YANG J H, et al. Anti-inflammatory activity
of 6-hydroxy-2, 7-dimethoxy-1, 4-henanthraquinone from
tuberous roots of yam(Dioscorea batatas) through inhibition
of prostaglandin D, and leukotriene C, production in mouse
bone marrow-derived mast cells[J]. Arch Pharm Res, 2011,
34(9): 1495-1501.

ITHARAT A, PLUBRUKARN A, KONGSAEREE P, et al.
Dioscorealides  and novel

dioscoreanone, cytotoxic

naphthofuranoxepins, and 1,4-phenanthraquinone  from
Dioscorea membranacea Pierre[J]. Org Lett, 2003, 5(16):
2879-2882.

ITHARAT A, PLUBRUKAN A, KAEWPRADUB N, et al.
Selective cytotoxicity and antioxidant effects of compounds
from Dioscorea membranacea rhizomes[J]. Nat Prod Commun,
2007, 2(6): 643-648.

TEWTRAKUL S, ITHARAT A. Anti-allergic substances from
the rhizomes of Dioscorea membranacea[]]. Bioorg Med
Chem, 2006, 14(24): 8707-8711.

ZHU D, LI S Q, YUAN Y B, et al. Study on liposoluble
compounds in rhizome of dioscoreae hypoglaucae[J]. Chin
Tradit Herb Drugs("F #.2%), 2016, 47(3): 379-382.

LU D, WANG C Y, LIU J P, et al. Chemical constituents from
aerial parts of Dioscorea nipponicalJ]. Chin Tradit Herb
Drugs(FH# 2Y), 2007, 38(12): 1785-1787.

BRAHMACHARI G, DAS S, BISWAS (SINHA) M, et al. 3,
5, 7-Trimethoxyphenanthrene-1, 4-Dione: A new biologically
natural derivative  from

relevant phenanthrenequinone

Dioscorea prazeri and studies on its single X-ray

crystallographic behavior, molecular docking and other
physico-chemical properties[J]. RSC Adv, 2016, 6(9):
7317-7329.

MA C, WANG W, CHEN Y Y, et al. Neuroprotective and
antioxidant activity of compounds from the aerial parts of
Dioscorea opposita[J]. J Nat Prod, 2005, 68(8): 1259-1261.
JIANG Z, LI X Z, LI N, et al. Chemical constituents in
Dioscorea septemloba[J]. Chin Tradit Herb Drugs(-%72Y),
2009, 40(7): 1024-1026.

EMORI W, ZHANG R H, OKAFOR P C, et al. Adsorption
and corrosion inhibition performance of
multi-phytoconstituents from Dioscorea septemloba on carbon
steel in acidic media: Characterization, experimental and
theoretical studies[J]. Colloids Surf A Physicochem Eng
Aspects, 2020(590): 124534,

LI X J, ZHAO C C, JING S S, et al. Novel phenanthrene and

isocoumarin from the rhizomes of Dioscorea nipponica

Chin J Mod Appl Pharm, 2022 December, Vol.39 No.23

<3157 -



[66]

[67]

[68]

[69]

[70]

[71]

[72]

-3158 -

makino subsp. rosthornii(Prain Et Burkill) C. T. Ting
(Dioscoreaceae)[J]. Bioorg Med Chem Lett, 2017, 27(15):
3595-3601.

LI Q LI K H, HU T G, et al. 6,7-dihydroxy-2,
4-dimethoxyphenanthrene from Chinese yam peels alleviates
DSS-induced intestinal mucosal injury in mice via modulation
of the NF-kB/COX-2 signaling pathway[J]. J Agric Food
Chem, 2021, 69(16): 4720-4731.

LIM J S, OH J, YUN H S, et al. Anti-neuroinflammatory
activity of 6,7-dihydroxy-2,4-dimethoxy phenanthrene isolated
from Dioscorea batatas Decne partly through suppressing the
p38 MAPK/NF-kB pathway in BV, microglial cells[J]. J
Ethnopharmacol, 2022(282): 114633.

TEWTRAKUL S, ITHARAT A. Nitric oxide inhibitory
substances from the rhizomes of Dioscorea membranacealJ]. J
Ethnopharmacol, 2007, 109(3): 412-416.

KIM M, GU M J, LEE J G, et al. Quantitative analysis of
bioactive phenanthrenes in Dioscorea Batatas decne peel, a
discarded  biomass from  postharvest
Antioxidants (Basel), 2019, 8(11): 541.

GAO X P, LI B G, JIANG H W, et al. Dioscorea opposita
resistance[J].

processing[J].

reverses dexamethasone induced insulin
Fitoterapia, 2007, 78(1): 12-15.

LI Q, LI W Z, GAO Q Y, et al. Hypoglycemic effect of
Chinese yam(Dioscorea opposita thizoma) polysaccharide in
different structure and molecular weight[J]. J Food Sci, 2017,
82(10): 2487-2494.

FAN Y J, HE Q Y, LUO A S, et al. Characterization and

antihyperglycemic activity of a polysaccharide from Dioscorea

Chin J Mod Appl Pharm, 2022 December, Vol.39 No.23

[73]

[74]

[75]

[76]

[77]

(78]

[79]

(80]

opposita Thunb roots[J]. Int J Mol Sci, 2015,
6391-6401.

FENG X J, ZHANG Q, LI J Y, et al. The impact of a novel
Chinese yam-derived polysaccharide on blood glucose control
in HFD and STZ-induced diabetic C57BL/6 mice[J]. Food
Funct, 2022, 13(5): 2681-2692.

SPIEGELMAN B M, FLIER J S. Adipogenesis and obesity:
Rounding out the big picture[J]. Cell, 1996, 87(3): 377-389.
EMBLETON J K, POUTON C W. Structure and function of
gastro-intestinal lipases[J]. Adv Drug Deliv Rev, 1997, 25(1):
15-32.

BIRARI R B, BHUTANI K K. Pancreatic lipase inhibitors
from natural sources: Unexplored potential[J]. Drug Discov
Today, 2007, 12(19/20): 879-889.

APFEL S C, AREZZO J C, BROWNLEE M, et al. Nerve
growth factor administration protects against experimental
diabetic sensory neuropathy[J]. Brain Res, 1994, 634(1): 7-12.
CHEONG H, CHOI E J, YOO G S, et al. Desacetylmatricarin,
an anti-allergic component from Taraxacum platycarpum(J].
Planta Med, 1998, 64(6): 577-578.

JEONG S Y, LEE M, LIM ] S, et al. Phenanthrenes isolated
from diocorea Batatas

16(3):

Decne peel with anti-platelet

aggregation activity via direct factor Xa inhibitory activity[J]. J

Funct Foods, 2020(73): 104138.

WANG H, YANG H, CZURA C J, et al. HMGBI as a late

mediator of lethal systemic inflammation[J]. Am J Respir Crit

Care Med, 2001, 164(10 Pt 1): 1768-1773.

ek H . 2022-02-16
(R34 )

P E SR T2 2022 4F 12 A48 39 545 23 1)





