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Research progress on prenylated flavonoids from Morus plants and their
pharmacological activities

JIANG Yue, LIU Yang-yang, TIAN Hai-tao, DENG Zhi-peng
School of Pharmacy, Shandong University of Traditional Chinese Medicine, Jinan 250355, China

Abstract: Morus plants in Moraceae family are widely distributed in our country with high value for the medicinal uses of their
branches, leaves, root bark, and fruits. At present, chemical constituents isolated from Morus plants mainly are flavonoids, alkaloids,
coumarins, terpenes, polysaccharides, etc. Among them, prenylated flavonoids are the characteristic components in Morus plants with
multiple pharmacological properties, such as antibacterial, anti-inflammatory, antitumor, antiviral, hypotensive, hypoglycemic and
antioxidant activities. In this paper, research progress on prenylated flavonoids from Morus plants and their pharmacological activities
was reviewed, in order to provide references for development and medicinal substances of Morus plants.
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Fig. 1 Chemical structures of isopentene substituent group

1R;=A,, R,=R;=Rs=R,=R¢=H, R,=R(=OH
2 R|=R,=R;=R,=R;=H, Rs=A;, R&=R¢=OH
3 R=Ry=R,;=Rs=R;=Ry=H, Ry=A,, Rc=OH
4R =R;=R,;=Rs=R,;=R¢=H, R,=As, Rc=OH
5 R,=R;=Rs=R,=R¢=H, R,=As, R;=R(=OH
6 R =R,~R;=R,;~Rs=H, R¢=Ry=OH, R;=As
7 R=R,=Ry=Rs=Ry=H, R;=R¢=OH, R;=As
8 R =R,=R,=Rs=R,=R¢=H, R;=A, Rc=OH
9 R =R,=R,=Rs=R,=R¢=H, Ry=As, R;=0H
10 R;=R,=Rs=R,=Rs=R¢=H, R,=As, Rg=OH

27 R,=Ry=H, R,=OH
28 R,=R,=OH, Ry=H
29 R,=R,=OH, Ry=A,

R, O

31 R=0OH
32 R=00H

OH O

33 R,=A,, R;=R;=R,=OH, Rs=R¢=H
34 R\=A,, R,=Rs=R=H, R;=R,~OH
35 R,=Ry=Rs=R¢=H, R,=R,~OH

36 R,=A,, Ry=R,=Rs=OH, R;=R¢=H
37R,=A,, R)=R ,=Rs=R(=OH, Ry=H
38 R;=A,, R,=Ry=R,=R(=OH, Rs=H

11 Ry=A;, R,=R=Rs=R,=H, Ry=A,, R¢=R¢=OH
12 R;=R;=A,, R,=Rs=R,=R¢=H, R ,=R(=OH

13 R ;=Rs=A,, R,=R;=R,=R¢=H, R =R =OH

14 R;=R,=R=Rs=R¢=H, Ry=R,=A, R;=OH

15 R;=R,=A,, Ry=Rs=R,=R¢=H, R,=R¢=OH

16 R=A4, R,=R;=Rs=R,=H, Ry=A |, R¢=R¢=OH
17 R =A;, R;=R,;=Rs=R,=H, R3=A, R¢=R4=OH
18 R;=A, R,=R;=Rs=R,=H, Ry=A,, Re=R¢=OH
19 R;=R,=R;=Rs=R¢=H, R,=OH, Rg=OMe, R;=As
20 R,=R,=R,=Rs=R,=H, Ry=Ag, R¢=R¢=OH

21 R;=A,, R,=R,=Rs=R,=H, Ry=As, Rg=R¢=OH
22 R;=A;, R,=R3=R,=Rs=H, R¢=R¢=OH, R,=A;
23 R;=A;, R,=R;=R,=R¢=H, R,=R¢=OH, Rs=A,
24 R=A,, R)=Rs=R,=R¢=H, Ry=A , R,=R=OH

OH O

25 R, =Ry=R,=Rs=R,=R¢=H, R,=A o, Re=OH 43 R=A;, Ry=H
26 R,=A,, Ry=Rs=R,=R¢=H, Ry=A,, R,=R=OH 44 R=H, Ry=p
45R,;=R,=A,

39 R;=R,4=H, R,=R;=OH, Rs=OMe
40 R,=R,=R,=OH, R;=Rs=H

46 R,=R,=R;=H
47R=A, R)=Ry=H
48 R;=Ry=H, Ry=A,
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Fig. 2 Chemical structures of prenylated flavonoids from Morus plants

41 R,=A;, Ry=H, R;=OH
42 R;=A,, R,=OH, Ry=H
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Table 1 Prenylated flavonoids from Morus plants
s R E S KR SCHR
1 albanin A FIRE 11
2 5'-(1",1"-dimethylallyl)-5,7,2",4"-tetrahydroxyflavone R 12
(7"R)-(—)-6-(7"-hydroxy-3",8"-dimethyl-2",8"-octadien-1"-yl) SRIAL 13
apigenin
4 albanin D SR 13
5 albanin E HL¥AZ& M. alba var. tatarica (L.) Ser AR % 14
6 ZIRE W (sanggenon W) FM 15
7 5'-geranyl-5,7,2',4'-tetrahydroxyflavone 3t 16
8 HEHE C (licoflavone C) P 11954 17-18
9  8-geranylapigenin By 19
10 ZFFHd S (kuwanon S) R, B 19
11 nigrasin | e 11057 20
12 B C (kuwanon C) 2% Morus alba Linn. var. multlcaulls 21
(Perrott.) Loud. R JZ
13 FBHH T (kuwanon T) BRMRE 21
14 8,3"-diprenylapigenin By 19
15 cudraflavone C SR 22
16  10-oxomornigrol F E3053 13,23
17 mornigrol E B0 13
18 mornigrol F SR 13
19 5'-geranyl-4'-methoxy-5,7,2"-trihydroxyflavone M. alba var. lhou R 14
20 moralbanone =Ly 24
21  morunigrol C 311057 25
22 3'-geranyl-3-prenyl-2',4’,5,7-tetrahydroxyflavone =Ly 19
23 mortatarin E By 26
24  mortatarin B B EH AR R 14
25 mortatarin C Bk S e 14
26 mortatarin A BRI 27
27 morunigrol D FBRIRL 25
28  cyclcommumnol FMRE 12
29 ¥ %% (cyclomulberrin) e Y1053 20
30 HMZFIEE (cyclomorusin A) MR 28-29
31 BIHFRAEM (neocyclomorusin) M. alba var. lhou 1R 14
32 eudraflavone B hydroperoxide MR 29
33 FH¥ZE (morusin) . R 30-31
34 albasin D FML L 11
35 atalantoflavone i 32
36 FMEZEE (morusinol) FAM L 29
37 2-(2,4-dihydrophenyl)-5-hydroxy-8-(hydroxymethyl)-8-methyl-3- S} 13
(3-methyl-2-butenyl)-(9CI)
38 mormin M. alba var. lhou 5% 14
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8E1
i G FR FIR SCHR
39 14-methoxy-dihydromorusin R 12
40 mornigrol G MR 33
41 cudraflavone B SR 13
42 morusignin L FAM L 16
43 Rl A (kuwanon A) M. alba var. multicaulis 1R} 21
44 Ml V (sanggenon V) EYir954 15
45 ZMEH K (sanggenon K) Zn 32
46 mornigrol H MR 33
47 %l B (kuwanon B) R 16
48 morunigrol B MR 34
49 ZHMEH J (sanggenon J) EYiR95d 15
50 morunigrol A FM 12
51 austraone A IR 16
52 mulberranol SR 13
53 albanin T FRBE 14
54 albanin C FMRBZ 14

1.2 —SHEHE PEHEE) C-3 ALk 5 C2' Rk R AR T KT
HAl, ARBEHEDHBEAR0 00 BRm . DR — S S & Y 7 I 2 mT
YT 32 Ao FIRGERZMTH AR 50 TIERSEL G YT 0B K A Diels-Alder J
B C-24 3. 6. 8. 35S E, REZUSRIREEHE N, Wb &W) 78, RSN air I 3,
WOLHFRIEA S A A, Wy — & HAREE L 2.
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69 s

OH O
R, O 68

70 R;=A|, R)=R;=H

55 R|=R3=R4=Rg=H, Ry=Rs=OH, R¢=R;=A, 71 R=R,=A, Ry=H
56 R|=R3=R;=R=Ry=H, R,=Rs=OH, R;=As 72 R=R3=A, Ry=H 75 15R or 158
57 R,=R;=R,=R,=R¢=H, R,=R,~OH, R¢=A; 73R =R,=Ry=A, 76 155 or 15R

58 R,=R,;=Rs=R=R,=H, R,=R¢=OH, R,=A,
59 R,=R,=R;=Rs=R=R,=H, R,=A,, Rg=OH
60 R =R,;=R¢=R,=R¢=H, Ry=As, R,=Rs=OH
61 R,=R,=R,=R=R,=H, Ry=As, Rs=R¢=OH
62 R,=R,=OH, R;=R,;~Rs=R¢=H, R¢=R;=A,
63 R,=R,=Rs=OH, Ry=R;=R¢=H, R¢=R;=A,
64 R =R,;~Rs=R¢=H, R,=R¢=OH, Ry=As, R;=A,
65 R,=Ry=R,=Rs=H, R,=R¢=OH, R¢=A, R;=A
66 R,=R,=R,=Rs=H, R,=R4=OH, R¢=A,, R;=A
67 R=Ry=Rs=R¢=R,=R¢=H, R,=OH, R,;=A 77

74 R,=Ag, Ry=R;=H
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Fig. 3 Chemical structures of prenylated dihydroflavones from Morus plants
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Table 2 Prenylated dihydroflavones from Morus plants

T &M AFR H IR SCHR
55 sanggenol Q FAML L 28
56 %l E (kuwanon E) M. alba var. multicaulis 1R} 21
57 ZIRFARE A (sanggenol A) EYiRYd 28
58 B&E G (leachianone G) FRBE 29
59 euchrenone a7 EYir954 15
60 sepicanin A FAML L 22
61 7,2"4',6'-tetrahydroxy-6-geranylflavanone FMR 24
62 cathayanon H HRERK 14
63 cathayanon I HRERK 14
64 morusalnol A HZAME 35
65 ZIREARE P (sanggenol P) FM 36-37
66 MRl U (sanggenon U) FM 15
67 mortatarin D R AR R 27
68 %l U (kuwanon U) R 16,36
69 nigragenon A L3105 20
70 nigragenon E e 31051 20
71 sanggenol F BRI, 20
72 nigrasin K BRI, 20
73 nigragenon D BRI, 20
74 sanggenol H BRI, 20
75 nigragenon B BRI, 20
76 nigragenon C BRI, 20
77 ZMREH A (sanggenon A) R 30
78 ZHRMld B (sanggenon B) FMR 38
79 ZHREE L (sanggenol L) FR 28
80 morusalnol B IR 35
81 ZMEA F (sanggenon F) FIRFE 21,28
82 ZMEA N (sanggenon N) FIRF 28
83 2% F (kuwanon F) FRE 12
84 ZARMH H (sanggenon H) WM. BFRIR 17
85 ZMREAEE O (sanggenol O) SR 28
86 dicyclokuwanon E SR 16

1.3 EHhA YA 17 A (G 93~109). 1 S 35 P A0 25 HL

B 7B SRR 2 A, B ik
ROLT BRI SRR, & HEZEANE 25 &
Yo HHr, REEERRAEPIR 2 02 BT A 3
Fir 4 Ky v 0 5 A 2 5 A H R S5 A 1Y o, BL IR
HE It Diels-Alder K NFTERG, /D8 2 77—
SR BR Y . H AT OO S R 2R A

FACE D R BFREE R 2 VBRI AP AE . 1R A
WAV E R WL 4, BAR(E B IR 3.
2 ZHIB{ER
2.1 MEMRH

S JEFEA) A 1 22 S5 1 0 I 12 1 5
PO A BRBE A — 8 IPURTE Y. Wu BRI
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Fig. 4 Chemical structures of other prenylated flavonoids from Morus plants

®3 REEVPHMEXBRLEENRERLEY
Table 3 Other prenylated flavonoids from Morus plants

Eihel AR S R ik
87 kenusanone A ZIR 23,39
88 tetrapterol A Y5004 24
89 BEEHE A (morachalcone A) B33 22
90 SFAME A AT (isobavachalcone) E-L X5 40-41
91 morachalcone B &t 40
92 morachalcone C &t 40
93 australone B X3 = 42
94 Z ¢ G (kuwanon G) AR 31
95 ZFEH H (kuwanon H) MR 31
96 moracenin D SR 14
97 guangsangon G WL 43
98 guangsangon | WL 43
99 guangsangon F Rk 43

100 guangsangon H [EE N 43
101 Z Y L (kuwanon L) E31:95:4 16
102 Z 71 O (kuwanon O) FIRE 16
103 ZMRE G (sanggenon G) FHIRE 38
104 ZMREH C (sanggenon C) SR 38
105 Z MR D (sanggenon D) SR 38
106 Z R E (sanggenon E) SR EEIR 17
107 S 7B T (kuwanon J) e 43
108 ramumorin A Y0057 13

109 chalcomoracin ZFIH 44




* 6954 «

FED 20226111 $B53% 218 Chinese Traditional and Herbal Drugs 2022 November Vol. 53 No. 21

&) 12, 33, 94 1 95 REMEH Ik 1Y i 5% 3% 14 Fl
FEHUR F 3l %5 2 Pl B 401G bk 4 3 €7 4 BR 1A
(methicillin-resistant Staphylococcus aureus, MRSA)
RO S PUREEE, S540 T I3R CUf- 2R S R A
SRR R BRI . (LAY 94 RefgIE T
TV RS B R 75 P A LA P RS ) A7 FH T PR P
REE H AL BERE, RV POE RS, BA
Gire e 2tk . A, a4 8. 12, 13, 33, 95 ik
X S R AN 73 B 2% Pk B B A AR B (A v
P, HHPUEIEHER TR R A R E HERAR
NP RS, PERGE R i REEAZ O I U T R A
KEE, WFFORIL, AFRNE 5 R 2L
A0 12, 13 X MRSA A MG, EAHSR
C-3 MR A 54 36 HUmTE M R 55 T AR R A
A9 33, 1AW 30, 80 7E B 3R 5] N 1 AN
Wb, HPUEEHERIAEEL, X2 DOE 5%
WM B B . Zuo SO 7T R BLAL G4 33 56 A
IR Pt FAE PO AR UK £ 5 (A & 3K B (meticillin
sensitive S. aureus, MSSA) F1 MRSA #is, 3HH
55 BT 4V E AT MRSA Fil MSSA
RIMHEAFEFRE I FEER: &Y 36 Bl
RHEPERSS, HEFCRRE. MRV E. TihER
AR R EEIRE, WP E NG 2
(gL 2. SR AEY I 5 s R T i AT —
SE I TS PR o SR B2 b 7 B 19 2 AL 59 94
1102 A IE IS BRI, o K A7 A AE 1R K f i
R b E BB, DR g /K T A SR
HAT BN %2 4 30 855 B 76 2P s 73171,
22 MK
ZEBHEYEARRIEN, 5 H &
BEEMER ST . Kavitha ZEMWSHESZAL A7) 41 7] DUE T
PRI R T, KRB PR EN. LA 13
F177 GRS BH SAD I 22 55 00 /0 R I 24 AR A
M —F A B (nitric oxide, NO) HIr=4:, RILH
BE PR IGEL), Wu 0000 S 7 S Btk 47
LA SLIGHE T, REULEDD 78 F1 105 X HE 2 B #)
BRI/ R RZ A RAW264.7 BG4~ 4E NO A
FOHIER AL E e el I 98 4 i PR
B4, FFRERE S8 NO & AIFR S A -2
IZRIE, o BB R 254 I SRR AR 72 B R AR KR
A1) 104 BENEHHI TSR P S50/0 BRUVE s B4 1fL 45 38
T2 S 0 DA B R R, el e R A I i S A
1) 5% P 9% R SN A B PR AR BRI, G /N R &

PERIE R VB, Zhao SEE2RIALAY) 104 7] T
RRAT (MIEARFER F-a. A4HIENR-1B. H4
MU 25-6) K, i Ca LA i g A2 B SR AL Bl 1)
TEPE, IS IO SO RS, R S R Bk
FOHE 1R O WUAE JE L £F 44k K 4 &7 5K Th RE SR AL,
TBIT 1 AT S R AR SN, 4] A P &40 P 9
T. MeAh, tha¥ 12, 33, 36. 56 A1 79 tikiEsk
BA—EMPIETEes, ML EBIESEY, F8
TR 28 3% 1t 5 P 2 S M B B 2R AL S 0 0%
REY) . XL TN Z BRIRNIRDS T E TP R AL
il Z [ AR ELsg e WME, SR S ps 56 R 2R A S 1)
TE TR TR LB AR
2.3 I
ZBHEYEA P 7 R I TR A, X
Jedni . EVEANND. A, o R A s
B EAMMEE, RIVBGPuREETE, HAERL
W2 R, 1A 30, 33 A1 35 3@k B4 R R T
Go/M HAFIF 4 A0 B 11 36 PSR R AR AT
FE i B, (b E W 33 IEn] LUE 0\ 45 B
HT-29 20 A= KT v B SR 551, AL 54 41 =2
FH W AZ K 1 «B AN B AZ 40 i 2R S R 1 [ 16 441 i
THP-1 1) A7 B A0 A% SR R FE U E 4
B 2 IR IR BE IR R 2 DR R A 43 b 1A 285 ]
FB6L, fb A 21 A1 109 RERS S8 TR ) 4
MR A=K, 6f N &5 e HCT-15 2 R 7L R MCEF-
7 YRS I R ST LB 104 X7 2 AR
FR %S AR HepG2 4HAAR i & A7 B A st A
F, JF ELBENS 52 40 ) S8 €0 3308 AN T 4 M i AR K
FREEE, T DME AR SUm 2 S, (&)
103 3 i B0E IR 2R G 3 AT R REA R 1 LS Ar
T e-Mye BERRFE FAMIET:, HALED) 103 3
9T SRR ILEE TN, B SRR
A I mT BB, EAk, Smejkal ZEONT S JE
Yy BRI ED 56 A 68 34T T 7 Fi AN
N4 2R (40 B0 RS, &8 IR S e IR s S 35
B A0 A Bl A T 25 T 2 B M B SR ) A R = v
YHEE SEIAE L &9 8. 22, 33, 36. 79 £HLH
SN R BELNM A P40 AR R . FFREAN
Jo -~ NAE/INGH s 20 B AN N B I 4 ok N e g
YA R AR F S DS SRR A B PR S
PRI 5 DR BRI R A B R R 2R, R sEas
T893 B0 UE 5 I A7 AE R s T iz &
LR TE I, JF B APk BA A F 2



FED 20226111 $B53% 218 Chinese Traditional and Herbal Drugs 2022 November Vol. 53 No. 21

* 6955 »

BE, AIIFAONEBR S PO IR 25 .
24 HimE

S RAE b B0 BT 2R A S VA R B Al g 2
TRTE ST RO, ARG BRI 2 A &
TR TE 3 B R I ARG A A 1 o RS0 B2
WEFCUEN, A6 51 94 AT Be il i i AT IR 9% 75 229E
B RE I 75 PR AR R AP 75 55 1 LRSS & 07 R
FHEAER, REW AN SR L A bR 5 O™
SEMIR RS LR AN RE 2) KB, N5t
NG W TR 1 — P RSB 259077 iR )
RI7%. BeAh, A& 101 3T RIUEDR R IR
BE WPIRIE S MRS R BE IR Al 2 5 751
(herpes simplex virus-1, HSV-1) &3 B AR 47 141
G PEC, Kim SEETUE IS 33 W] IH R R
HSV-1 88 G (1) 4 1 AT 207 4% 3% 128 S 7K 1 SR 1 )
HSV-1 1, S/ HSV-1 RAEINER% B A
%, AP 12, 13, 56, 68 Xf HSV-1 fl HSV-2
HIE BB A IMENETE, MBCRRRIEE 2 MR
WEER AT 13 iR, HUOE BAMHEEH
It & 121,
2.5 [EME

S BCRAT R RO TH 2408, S A wi i
FEIEVERSY . AV 33. 94, 95, 104, 105 BH
FHRIRIEAER],  HL R A I SR ek ee-o7),
WEY) 33 FI 93 REMEUK LA S MBI S L IR ER %
FELE VUM IR S5475 A AL /MR AR s e e A
T2 o WA R, — P il PV s 38 B SR A FH 29T AL 5
94. 95. 104, 105 (¥ F I AL L ZLALHE 2 ANJ5T:
(1) SRR A58 NO SBEIS kg i
B NO &8, W5 ETHK, REIEFIFEILIERL
SR8 (2) JERL I 12-F23E-5,8,10- LR = I R AT
MAEER B BTG, AT Ik 20 Bk i 25 RS, A o 5%
JEAE A T SR TR J TR SR A 5 B0 B I AR P AT T A
XD, H B LS A Rt — 2 W .
2.6 [EMmiE

S BE R AR URE A D 200, FLREREAE
5 5 RS ROC R &Y. Liu FUHESLAL AP 43
A 85 BA oM A HEEREINHIE L, A BT RRRE
Jei I B K o T SR A W Tl T B ) O ARy
(peroxisome proliferater-activated receptor y, PPARy)
FEELLTRIHLR R RERG, ShERRIIR
REY], £ NEENTOEIRFIE A a1
72 B PPARy N1, Zhang S5 SLIG

FAESZAL AP 1. 4. 5. 12, 13, 18, 24, 26. 67.
68 PRI — EFE B (1) o B T WEE RIS M, B
LG 4. 67 68 HhIEES R, (a1, 5.
12, 13, 18 Ny &Ml iE 1%, @R R AR
B 1 ANEAMN S D L L A B v 1 % o A BT
NHIVER . Kwon 25072k 437 6 B g 5l ) %
SR AL S 12, 94 N oA AT BE R R A B
GFIAIRIAE A, R EOMHIR N 1.44~4735
umol/L. VA FFRH, F i f71EReS B &5t
BRERETE TR, BN I S S B MM L 1) A 15 A
S, ARAG AT e LA L G AL
27 mMEK

S B TE P 0 7 e ik B A 2 B oy AE ) S A
REOT R FEN L AR, B RR I PTE I RE
77. Mazimba ZE3E T AR G YDIERR 1,1- 22K
FE-2- =R IE A E SRS, R A 1230,
33 H AR L, &Y 30 35
BARRBIAREW T C-3 5 M h, e
Y 33 MR N C-8 TR LI T 33
RIFEHERLN. . Martins ZUR BUAL G4 33 5 HoAthih
PV JsE I P FE R USRS 1, BT
PERAHWRBEA M. TERFASTAEIERR, R
T IR S M B 15 A B IR N L M 1 5
W, H T T S AR b, AL R A FH A
A B, B S T A R idE— 2B AT
2.8 MBREHR

S I 2R AL A 104 F1 105 AEf G 2ot
0 E B 0 R A B o34, T DA
TR SR H/B-IE R H  (Wnt/B-catenin) 15 il 1
Runt IR FH T 2, FIH RIFHPUE FRGAAE
FAUSY, X125 S 000 3t — SR 51 5 [ B o S 10 07 J2E 25
FAEY) 104 BefEdt N RS E 4 MC3T3-E1 1
B A4, HALHI AT §E S5 Wnt/B-catenin 155
PSR Runt AH GG SR T 2 B HRIAA K Lk
SERRM, BRI R R R
PUE RELIA AR 22—
3 HESRE

FIEEWZI R &, HAHWE =z, &
— P B IR KM AT S R 2 B8R . AR &)
R HFEEER 2 —, TSR I B
R T B A S RIEE . DR SR A B R K
Rtk SEL S E R TK I AR5, $emdlnkidy
P, SR S8 A A 1 e S S B A 2R A A 4 )



* 6956

FED 20226111 $B53% 218 Chinese Traditional and Herbal Drugs 2022 November Vol. 53 No. 21

TP RKIAFIRZ HIZIR R, KL G252
TS B AR AR PR b, R IT FEIR AR 25
BT, HEPOA R 2R 24, K2
A BRI, A — B 25 B T AT
WA B A E . BRI, naEsT SR
Hh S IR B ISR S IR AW O T B R
EYRZAIMERE B2, REWHECR, T
fE B SRR AIRISE . B MBS A
VIR ZI BRI R, R EPEE T IR A
s RS0 ES, R P 55 B A S MIREAT SR 12
Wit A BB, A Ja RO ELifie H i SRy
T R 10 S I 2 B SR AL S D K 25 B LR AR
FIHE RS MR R 55— D W TT, AL L
B, NGB R R TSR AR . A SO 5
JRAE 5 G J SR SSAL & e 2 A AT A
4, DN SRR AT et 5 B, 4108
FIBHEM LRI TSRS
RBAR AL FAREEAGA R

SEEL
[1]1 B, FWEaR R amEsE ] FEZIE, 2015,
36(3): 7-13.

[21 fEM2s, BRE Rk, RRBHEER, &, RERE MorusL) %
MEYZEA = R (I h EIAAT 2, 2012,
14(7): 1-6.

[81 HEEBABEDEEDERERZ RS, PEBEYE M].
Je5t: BRea AL, 2006: 6.

[4] WMEBRE. mRAELERE M) dba: 3t IR
*t, 2008.

[5] HHEZj [S]. —#6. 2020: 310.

[6] ehER, H#Y, RIS, 5. [WAE R B2 B 1A
FOERE [3]. P 2Rk, 2022, 47(9): 2373-2391.

[71 BRAUE, 30, AR, % BAEYEER R
IR EMIEMREY )] A TEARSITA, 2013,
42(1): 12-17.

[8] Hawari D, Mutakin M, Wila G, et al. Flavonoids of Morus,
Ficus, and Artocarpus (Moraceae): A review on their
antioxidant activity and the influence of climate on their
biosynthesis [J]. J App Pharm Sci, 2021: 45-64.

[91 ZEMEK. B ol 2y 5 AL s A AE YRS YRR T [D].
BarhisR: B HURK S, 2019.

[10] ZEW]. Sm A SR ECAL  Br AEYREYEWE T [D].
Dred: AR, 2017.

[11] Huang Q H, Lei C, Wang P P, et al. Isoprenylated phenolic
compounds with PTP1B inhibition from Morus alba [J].
Fitoterapia, 2017, 122: 138-143.

[12] Guo Y Q, Tang G H, Lou L L, et al. Prenylated flavonoids
as potent phosphodiesterase-4 inhibitors from Morus alba:
Isolation, modification, and structure-activity relationship
study [J]. Eur J Med Chem, 2018, 144: 758-766.

[13] Tran H N K, Nguyen V T, Kim J A, et al. Anti-
inflammatory activities of compounds from twigs of
Morus alba [J]. Fitoterapia, 2017, 120: 17-24.

[14] Yan JJ, RuanJY, Huang P J, et al. The structure-activity
relationship review of the main bioactive constituents of
Morus genus plants [J]. J Nat Med, 2020, 74(2): 331-340.

[15] JungJ W, ParkJH, Lee Y G, et al. Three new isoprenylated
flavonoids from the root bark of Morus alba [J].
Molecules, 2016, 21(9): 1112.

[16] Zhu M, Wang Z J, He Y J, et al. Bioguided isolation,
identification and bioactivity evaluation of anti-MRSA
constituents from Morus alba Linn. [J]. J Ethnopharmacol,
2021, 281: 114542.

[17] Li M, Wu X W, Wang X N, et al. Two novel compounds
from the root bark of Morus alba L. [J]. Nat Prod Res,
2018, 32(1): 36-42.

[18] Qin J, Fan M, He J, et al. New cytotoxic and anti-
inflammatory compounds isolated from Morus alba L. [J].
Nat Prod Res, 2015, 29(18): 1711-1718.

[19] Chan E W C, Lye P Y, Wong S K. Phytochemistry,
pharmacology, and clinical trials of Morus alba [J]. Chin J
Nat Med, 2016, 14(1): 17-30.

[20] XuLJ,YuM H, Huang CY, et al. Isoprenylated flavonoids
from Morus nigra and their PPARy agonistic activities [J].
Fitoterapia, 2018, 127: 109-114.

[21] Yang Z G, Matsuzaki K, Takamatsu S, et al. Inhibitory
effects of constituents from Morus alba var. multicaulis on
differentiation of 3T3-L1 cells and nitric oxide production
in RAW264.7 cells [J]. Molecules, 2011, 16(7): 6010-6022.

[22] HaMT, Tran M H, Ah K J, et al. Potential pancreatic lipase
inhibitory activity of phenolic constituents from the root
bark of Morus alba L. [J]. Bioorg Med Chem Lett, 2016,
26(12): 2788-2794.

[23] Tran P L, Tran P T, Tran H N K, et al. A prenylated
flavonoid, 10-oxomornigrol F, exhibits anti-inflammatory
effects by activating the Nrf2/heme oxygenase-1 pathway
in macrophage cells [J]. Int Immunopharmacol, 2018, 55:
165-173.

[24] Ram, Singh E, Bagachi A, et al. Traditional uses,
phytochemistry and pharmacology of Morus alba Linn.: A
review [J]. J Med Plants Res, 2013, 7: 461-469.

[25] Qu K J, Wang B, Jiang C S, et al. Rearranged Diels-alder
adducts and prenylated flavonoids as potential PTP1B
inhibitors from Morus nigra [J]. J Nat Prod, 2021, 84(8):



FED 20226111 $B53% 218 Chinese Traditional and Herbal Drugs 2022 November Vol. 53 No. 21

* 6957 »

[26]

[27]

(28]

[29]

[30]

(31]

[32]

(33]

[34]

[35]

[36]

[37]

(38]

2303-2311.

Ma G Q, Chai X Y, Hou G G, et al. Phytochemistry,
bioactivities and future prospects of mulberry leaves: A
review [J]. Food Chem, 2022, 372: 131335.

Zhang Y L, Luo J G, Wan C X, et al. Four new flavonoids
with a-glucosidase inhibitory activities from Morus alba
var. tatarica [J]. Chem Biodivers, 2015, 12(11): 1768-
1776.

Jung J W, Ko W M, Park J H, er al. Isoprenylated
flavonoids from the root bark of Morus alba and their
hepatoprotective and neuroprotective activities [J]. Arch
Pharm Res, 2015, 38(11): 2066-2075.

Du J, He Z D, Jiang R W, et al. Antiviral flavonoids from
the root bark of Morus alba L. [J]. Phytochemistry, 2003,
62(8): 1235-1238.

Nomura T, Fukai T, Hano Y. Constituents of the Chinese
crude drug “sang-bai-pi” (Morus root bark) [J]. Planta
Med, 1983, 47(1): 30-34.

Wu S C, Han F, Song M R, et al. Natural flavones from
Morus alba against methicillin-resistant Staphylococcus
aureus via targeting the proton motive force and membrane
permeability [J]. J Agric Food Chem, 2019, 67(36): 10222-
10234.

Dat N T, Binh P T X, Quynh L T P, et al. Cytotoxic
prenylated flavonoids from Morus alba [J]. Fitoterapia,
2010, 81(8): 1224-1227.

Wang L, Yang Y, Liu C, ef al. Three new compounds from
Morus nigra L. [J]. J Asian Nat Prod Res, 2010, 12(6):
431-437.

Wang L, Cui X Q, Gong T, et al. Three new compounds
from the barks of Morus nigra [J]. J Asian Nat Prod Res,
2008, 10(9/10): 897-902.

Ha M T, Shrestha S, Tran T H, et al. Inhibition of PTP1B
by farnesylated 2-arylbenzofurans isolated from Morus
alba root bark: Unraveling the mechanism of inhibition
based on in vitro and in silico studies [J]. Arch Pharm Res,
2020, 43(9): 961-975.

Kollar P, Barta T, KeltoSova S, et al. Flavonoid 4'-O-
methylkuwanon E from Morus alba the
differentiation of THP-1 human leukemia cells [J]. Evid
Based Complement Alternat Med, 2015, 2015: 251895.
WKz, BoRE, BE2IE, S5 RAKRY 1 ASHRRIK
TR EECIREE [7]. P E AR E, 2010, 35(12):
1560-1565.

Grienke U, Richter M, Walther E, et al. Discovery of

prenylated flavonoids with dual activity against influenza

induces

virus and Streptococcus pneumoniae [J). Sci Rep, 2016, 6:
27156.

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

Sohn H'Y, Son K H, Kwon C S, et al. Antimicrobial and
cytotoxic activity of 18 prenylated flavonoids isolated
from medicinal plants: Morus alba L., Morus mongolica
Schneider, Broussnetia papyrifera (L.) Vent, Sophora
flavescens Ait and Echinosophora koreensis Nakai [J].
Phytomedicine, 2004, 11(7/8): 666-672.

Chen C, Mohamad Razali U H, Saikim F H, et al. Morus
alba L. plant: Bioactive compounds and potential as a
functional food ingredient [J]. Foods, 2021, 10(3): 689.
Seo K H, Lee DY, Jeong R H, et al. Neuroprotective effect
of prenylated arylbenzofuran and flavonoids from Morus
alba fruits on glutamate-induced oxidative injury in HT22
hippocampal cells [J]. J Med Food, 2015, 18(4): 403-408.
Ko HH, Wang J J, Lin H C, et al. Chemistry and biological
activities of constituents from Morus australis [J]. Biochim
Biophys Acta, 1999, 1428(2/3): 293-299.

Dai S J, Ma Z B, Wu Y, et al. Guangsangons F-J, anti-
oxidant and anti-inflammatory Diels-alder type adducts,
from Morus macroura Miq [J]. Phytochemistry, 2004,
65(23): 3135-3141.

Chan E W C, Wong S K, Tangah J, et al. Phenolic
constituents and anticancer properties of Morus alba
(white mulberry) leaves [J]. J Integr Med, 2020, 18(3):
189-195.

Culenova M, Sychrova A, Hassan S T S, et al. Multiple in
vitro biological effects of phenolic compounds from Morus
alba root bark [J]. J Ethnopharmacol, 2020, 248: 112296.
Zuvo G Y, Yang C X, Han J, et al. Synergism of
prenylflavonoids from Morus alba root bark against
clinical MRSA isolates [J]. Phytomedicine, 2018, 39: 93-
99.

Liang J H, Fu Y W, Zhang Q Z, et al. ldentification and
effect of two flavonoids from root bark of Morus alba
against Ichthyophthirius multifiliis in grass carp [J]. J Agric
Food Chem, 2015, 63(5): 1452-1459.

Kavitha Y, Geetha A. Anti-inflammatory and preventive
activity of white mulberry root bark extract in an
experimental model J  Tradit
Complement Med, 2018, 8(4): 497-505.

Ko W, Liu Z M, Kim K W, et al. Kuwanon T and
sanggenon a isolated from Morus alba exert anti-
inflammatory effects by regulating NF-xB and HO-1/Nrf2
signaling pathways in BV2 and RAW264.7 cells [J].
Molecules, 2021, 26(24): 7642.

WuY X, Kim Y J, Kwon T H, ef al. Anti-inflammatory
effects of mulberry (Morus alba L.) root bark and its active
compounds [J]. Nat Prod Res, 2020, 34(12): 1786-1790.
R, #beSe, F. R C B AE I SERAT AL (1],

of pancreatitis [J].



* 6958 »

FED 20226111 $B53% 218 Chinese Traditional and Herbal Drugs 2022 November Vol. 53 No. 21

(52]

(53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

JTINBERIR 2244, 2017, 45(3): 10-14.

Zhao Y L, Xu J F. Sanggenon C ameliorates cerebral
ischemia-reperfusion injury by inhibiting inflammation
and oxidative stress through regulating RhoA-ROCK
signaling [J]. Inflammation, 2020, 43(4): 1476-1487.
Zelova H, Hanékova Z, Cermakova Z, et al. Evaluation of
anti-inflammatory activity of prenylated substances
isolated from Morus alba and Morus nigra [J]. J Nat Prod,
2014, 77(6): 1297-1303.

Rafiq I, Buhroo Z I, Nagoo S A. Mulberry (Morus spp.): A
versatile tree with inherent bioactive compounds of
promising pharmaceutical and nutraceutical properties [J].
J Pharmacogn Phytochem, 2019, 8(1): 731-738.

Lee J C, Won S J, Chao C L, et al. Morusin induces
apoptosis and suppresses NF-kappaB activity in human
colorectal cancer HT-29 cells [J]. Biochem Biophys Res
Commun, 2008, 372(1): 236-242.

Hosek J, Bartos M, Chudik S, et al. Natural compound
cudraflavone B shows promising anti-inflammatory
properties in vitro [J]. J Nat Prod, 2011, 74(4): 614-619.
Deepa M, Sureshkumar T, Satheeshkumar P K, er al.
Antioxidant rich Morus alba leaf extract induces apoptosis
by the
downregulation of nitric oxide produced by inducible nitric
oxide synthase [J]. Nutr Cancer, 2013, 65(2): 305-310.
TS, XI5, HiF, %, ZARE C Xl s e iR i =
NI HepG2 4HAE R &I SGEEAE A (1] ThEZ
55,2021, 32(15): 1868-1873.

EEZ, B WP, . RARE C RN SN URRE R
WAL [J]. A7 RF M BREEEM, 2019, 37(4):
524-528.

Park J E, Jung J H, Lee H J, et al. Ribosomal protein L5

mediated inhibition of c-Myc is critically involved in

in human colon and breast cancer cells

sanggenon G induced apoptosis in non-small lung cancer
cells [J]. Phytother Res, 2021, 35(2): 1080-1088.

Smejkal K, Svacinova J, Slapetova T, et al. Cytotoxic
activities of several geranyl-substituted flavanones [J]. J
Nat Prod, 2010, 73(4): 568-572.

Thabti I, Albert Q, Philippot S, ef al. Advances on antiviral
activity of Morus spp. plant extracts: Human coronavirus
and virus-related respiratory tract infections in the
spotlight [J]. Molecules, 2020, 25(8): 1876.

sRENI, ZRBLL, MO, S A R TA RUR
Iy BRI B R AR SNUR BTG VERIT AT [3]. JEFHZGRER

[64]

[65]

[66]

(67]

(68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

22EAR, 2005, 22(3): 207-209.
Kim T I, Kwon E B, Oh Y C, et al. Mori ramulus and its
major component morusin inhibit herpes simplex virus
type 1 replication and the virus-induced reactive oxygen
species [J]. Am J Chin Med, 2021, 49(1): 163-179.
Chang B Y, Koo B S, Kim S Y. Pharmacological activities
for Morus alba L., focusing on the immunostimulatory
property from the fruit aqueous extract [J]. Foods, 2021,
10(8): 1966.
Nomura T. Chemistry and biosynthesis of prenylflavonoids
[J]. Yakugaku Zasshi, 2001, 121(7): 535-556.
WK, 5%, FH HEYRNGHEGRER 1. 24
SRR, 2014, 49(6): 824-831.
MUKAT, 535, BRA. A KRB ik &
FEFMLHITEAR (7], LS IRIKZIE, 2005, 16(4):
247-250.
Kimura Y, Okuda H, Nomura T, et al. Effects of phenolic
constituents from the mulberry tree on arachidonate
metabolism in rat platelets [J]. J Nat Prod, 1986, 49(4):
639-644.
SESRARARH, JT AL, REIER, . BT A RUk
o0 5E Je 25 BAR F OB FE ATk (0], ABT5 #& ok, 2006,
27(4): 16-18.
Liu B R, Yan T N, Xiao J, et al. A-Glucosidase inhibitors
and antioxidants from root bark of Morus alba [J]. Chin
Herb Med, 2018, 10(3): 331-335.
Kwon R H, Thaku N, Timalsina B, et al. Inhibition
mechanism of components isolated from Morus alba
branches on diabetes and diabetic complications via
experimental and molecular docking analyses [J].
Antioxidants, 2022, 11(2): 383.
Mazimba O. Antioxidant and antibacterial constituents
from Morus nigra [J]. Afr J Pharm Pharmacol, 2011, 5(6):
751-754.
Martins B A, Sande D, Solares M D, et al. Antioxidant role
of morusin and mulberrofuran B in ethanol extract of
Morus alba roots [J]. Nat Prod Res, 2021, 35(24): 5993-
5996.
TR S, sehies, X35, 5. FE SIS &R
R SO e IR IUAE PR T R K BR A P AL ().
Fp S8 T R A AR, 2021, 27(2): 37-43.
XZF, WREE, TR, 55, HT 0T X RN IER
SRR C X MC3T3-E1 A I4E A (3], o I SE50 77 77
222k 8, 2020, 26(10): 44-50.

[Tt EwW]



