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Abstract: Broussonetia papyrifera, one genus of Moraceae, distributes widely in Yellow River, Yangtze River and the
Pearl River basins of China. It also can be found in Japan, Vietnam and some other countries. B. papyrifera is one kind of
traditional Chinese medicine, and is used to cure pain, edema and dysentery in Chinese traditional therapy. In recent
years , there are many new chemical constituents isolated from the leaves,root and fruits of B. papyrifera ,identified as fla-
vones, lignans and terpenes. Some of them were reported to have several bioactivities including antioxidation, antimi-

crobe , anti-inflammatory , cytotoxicity , etc. This paper reviewed the new chemical compounds identified from B. papyrifera

and their bioactivities since 2000.
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1 EREHFLEWHERREE

1.1 HEEFUEYHIEN
UTAESR AR AR IR T 6 T B 2R B LS
Son %1 AL AR Fz o3 s — T 0 RS AL A
Py A% 95 B I A (Papyriflavonol A) (1) il i Y1
srbris i gt 5,7,37,4" - HE-6,5"-— (1, y-
THILENER) IR (5,7,3, 4 -tetrahydroxy- 6,
5'-di- (+y, y-dimethylallyl ) -flavonol ) , Chen 2300
PR AR ) SRS vh 23 Hh AT o3, 235
8-(1, 1-HI BRI 3k ) 57-(3-F1 BE-2-T 4 4k ) 37,
4’5 ,7-Pu ¥ I 8 Wil i (8-( 1, 1-dimethylallyl ) -5'-( 3-
methylbut-2-enyl) -3’,4',5,7- tetrahydroxyflavonol )
(2)F1 3'-(3-FBE2-T a4k ) 3,47, T-= 58 AL mi e
(3’-(3-methylbut-2-enyl ) -3",4" | 7-trihydroxyflavane )
(3) . Guo %" IMIM fiz 2. 1% 2 TR 32 U 45 51 75
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FRE Ly, 730 5,7,3",4"- DU 5 k-3 - A8 k-8 -4
H LR (5,7 ,3", 4 -tetrahydroxy-3-methoxy-8 -ger-
anylflavone ) (4) #15,7,3" ,4'-PU$pFL-3-H 44 3-8 ,5'-
TR T EETER (5,7, 37, 4'-tetrahydroxy-3-me-
thoxy- 8,5'- diprenylflavone) (5) . M4}, Zheng 25"

R P I B G 3,5,7,47- D0 k-3 (2-
BRI 3-F R 3-T L) B5EH (3,5,7 ,4  -tetrahydroxy-
3'- (2-hydroxy-3-methylbut-3-enyl ) flavone ) (6) ., 1k
YR ILE 1,

1 R EEREIL S EA

Fig. 1 Chemical structures of flavonoids detected in B. papyrifera

1.2 HEEFUEWHEE

HRAE Y HA 2R A Yem v, L R
PR S RE IR T2 X R AR P
(total flavonoids of Broussonetia papyrifera, TFBP) 4=
YeE G T 25 3R B TFBP ml {47248 85 4 J Ab
PHAY AR MG , BEAT G it 84 = Wik I, S
I T Bel2 4 A B Bax HE H B RIK, BT
JFEAIHE HepG2 T,

R TR ARG 1 B IR L 5 1 B 2R A
Yreitith . BRI PR B S BN RS I, X
M & 5R H ( Candida albicans) | R TE B 5 # ( Sac-
charomyces cerevisiae) . K FT 7 ( Escherichia coli) | F&
FEV 11 ( Salmonella typhimurium ) | 3% Bz %5 %4 Bk
B ( Staphylococcus epidermidis ) A1 45 75 {0, 7 45 BR &
( Staphylococcus aureus ) 1 F /NI & B ( minimal in-
hibitory concentration, MIC) 435I 2 25 ,12. 5,20 .25 |
10 F115 pg/mL™7 P —E (91 AHUH S 4
HOREFRTE J7o JEUK, Kwak 60 R B4 1 Al ik
FEVEAI R o3 0 BL W I WG A, , IR T 0 40 i) 26
A LA VB AE G R  JI  A, > 200 il ok &
(50% inhibiting concentration, ICs,) 435k 3.9 pM
545 pM 5= G 1 R REA A0 i JE i 7
HE =4 Cy AERL(1C, 292 0..64 M) |, JF 7] B fg [
IR BUA N S e BR A 11 E O RS Bl 3l B JBR o 480 s

IS, PR R — T B0 25 AT I e R 4
U, A G4 138 BE N2 £ 15 H 88015 i ( human
acetylcholinesterase, hAchE ) 5 A 2 T [k 6 53 g fit
(human butylcholinesterase , hBchE ) , IC,, 4351 4 3. 1
WM 5 1S MU SR AT R T IR R R 221
2R

e &Y 2 tBA M hAchE FI hBehE B7EH],
PERTR B = TG 1, 1C5 73 5% 2 0. 82 uM Al
0.52 pM'" 5 & B HAT 2R B A IR IR g 1B
( Protein Tyrosine Phosphatase 1B, PTP1B) i il /&
(ICsy =4.3 pM) , HAE IR T Z Hi AR rh 43 15 H
A4 8% i 25 1k & ¥ broussochalcone A (1Cy, = 36. 8
wM) o T PTPLB 7E B % 3 2 1A (1 B R AL Jy 1T %
PG FEAE A RS LRSS R AT LS B 2 1F
i PTP1B 155, 44 AT RE WL Ry — R IR 47 11 AU
JRIR FAR AR B 25

SAE Y 1.2 (50w S pg &l 7 A [ Ak
G5 HAKRIM UG, Guo SF L MALEY) 5
AT AR S 2L AR i 4 M MCF-7 AR A4 5 (1C,
=4.41 uM) , HAE HZR 5 broussoflavonol B (1C,
=4.19 pM) A2, Gl R BN IR VA R B, o T
MCF-7 404 1 T, 238 52 8 48 e 0 380 3R A2 K-
a36 (estrogen receptor-a36 , ER-a36) )3k, K H
FasE TESc g
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2 AREZRZEHUSUREREE

2.1 AKREZRXEHUEWNEN

LAk, WA T 3AS T — RIIF AR R 2R
WaEWe 705l 0 95 -1-(4- 5298 5 ) 2-(4-((E) -3-
FEHL-1-TN M k) 2-FP 4R R S ) -1, 3-8 TR
(threo-1-( 4-hydroxyphenyl ) - 2-{4-[ ( E)-3-hydroxy-
1-propenyl ]-2-methoxyphenoxy | -1, 3-propanediol )
(7), Ra-1-(4-F2 553 ) 2-(4-((E) -3-F2FE-1- NI
HE) 2-F S R 4R S ) -1, 3-8 % (erythro-1-(4-
hydroxyphenyl ) -2-{4-[ ( E)-3-hydroxy-1-propenyl ] -2-
methoxyphenoxy | -1, 3-propanediol ) (8) , 7 -1-(4-
BRI ) 2-(4-( 3-8 JE-1-P 3k ) -2- A A B A AU ) -
1,374 1% ( threo-1-(4-hydroxyphenyl ) -2-[ 4-(3-hy-
droxy-1-propyl ) -2-methoxyphenoxy ] -1, 3-propanediol )
(9), AR a-1-(4-8 408 ) 2- (4-(3-5E-1-N k) -2-
A L PR (3L ) -1, 3-TA % (erythro-1-( 4-hydroxy-
phenyl ) -2-[ 4-( 3- hydroxy-1-propyl ) -2-methoxyphe-
noxy | -1,3-propanediol ) (10), (7'R,8’S) -3-H 4 JL-
4',9,97-= A4 T -IES 8- ARNRR ((7T'R, 8
S ) -3-methoxy4', 9, 9" -trihydroxy4, 7'-epoxy-5, 8'-

H H
H
OH OH
[e]
" :©\/\/ " o@\/\/
/ H H
o] o MeO o

Tthreo 9 threo

8 erythro

10 erythro

H
(3.
[e)
OMe
OH

14

neolignan) (11) ,(7'R",8'S™ ) -3-H & }-7-2/%4",
9,9"- =R hk4, T -IES 8B RIRR ((T'RT, 8
S*)-3-methoxy-7-ox04",9,9" -trihydroxy-4 , 7’ -epoxy-
5,8 -neolignan) (12), (7R",8S" ,8'R")-7'&-H 4
34,479, - =R AT 9 -HE8, 8RR ((TR7,
85" ,8'R") -7’ &-methoxy4,4',9,-trihydroxy-7,9’-
epoxy-8,8'-lignan) (13) , (7R " ,8S" ,8'R* )-7"",8""'-
a3 -HE ST R4 ,477,77,9,97 - R 34
8':7,9" - W A-8,8 M AR ((TR”,857,8
R*)- 7", 8" -threo-3"-methoxy-7"-oxo4, 4", 7", 9,
9''-pentahydroxy-4',8"".7,9"-bis-epoxy-8 , 8'-sesquin-
eolignan) (14),(7S*,7'S* ,7""R* ,8R" ,8'R",8"’
S*)3'-HAKEEA4 4" 9" - =4 7. T7,9".7,9-
—HAE-50,8",8, 8" A R ER ((787,7'S7, 7"
R* ,8R",8'R*,8''S" )-3"-methoxy4,4"",9""~ trihy-
droxy-4",7"":7,9".7",9-triepoxy-5', 8", 8, 8" -ses-
quineolignan ) (15) IR+ ) -PAlE R 4'-0-B-D-Nk g
R4 -0-B-D-IL IR 32 H (( + ) -pinoresinol 4 -
0-8-D-  glucopyranosyl-4’'-0-8-D-apiofuranoside )
(16) "7 fb A st hLIE 2.

15

2 MNP ARIEREFHEMHIEN

Fig. 2 Chemical structures of lignans detected in B. papyrifera

2.2 AREERXEFUEHHENE

Mei 25110 i A i 28 2687 1k 4 W RO B0 SB35
AT TS 8L MTT 3, Z8bG4 7 11 12 14
H115 BESE ORI WG B4 40 i 40 PC12 4252 H,0, 4
S R Mei 55 08 &30, 1654 7.8.10 13
R -1-(4-F2 L -3-H A 2R L ) 2-(4-((E) -3-7%
BE-1-N L) ) 2- AR BEA UL ) -1, 3-] 8 (erythro-
1-( 4-hydroxy-3-methoxyphenyl )-2-{ 4-[ ( E )-3-hy-

droxy-1- propenyl ]-2-methoxyphenoxy | -1, 3-propane-
diol) A —ERYTEER 1,6- . ( " AFLREE) S he (1,
6-bis ( diphenylphosphino ) hexane , DPPH) H i £ 1975
P (AR IS8 B AN &7, 1Cs, 239 g 236. 8 uM (156. 3
uM . 273.9 pM 281.1 uM F160.9 puM,

Ran %7 % BAL A ) 16 BAT 41 M 7575 , 7
AN 4 M HepG2 A4, 1C5, H 17,19 pg/ml,
Syt g 25 Y 5-5 IR w5 BE ( 5-fluorouracil , 5-FU )
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(1Cs, =12 pg/mL) AAE 58 BERE AT, /s HAE BT il
A5 P Y R BRI At

3 BEEFMUESWHEHRENE

3.1 ERFUEYREN

Ko 4" AR F I o 2 B0 3 Rl i i 254
Jit, 533 9 F A B A (broussonetones A) (17) , #4 f#
fif] B ( broussonetones B) (18) FI# i C ( broussone-
tones C) o FHHTER A J&—FhJCEAEREA, 43+ 0
N Cog Hyy O, Ho B BREEHE Ry DU BR XU , 548 Ry (T,
16a) -17 -trihydroxy-ent-kauran-6-one ; £ #f il B 1, /2
To SR SRR R A SR S A4 14 F R C
313 R Cpu Hag O, AT A 7Y 16,17 (7471 1L
G,

Zhong 51T WK Bz rh43 B A5 4 FhopT A =ik
KWL, 739 (3B) -3-( LA AL ) Reke-7,25-—
J4i-24-1 ( (3B)-3-( acetyloxy ) eupha -7, 25-dien-24-
one) (19),(3B,24R) -3-( LE4AIE ) Kiibe-7,25-—
Jdi-24-1% ((38,24R ) -3-( acetyloxy ) eupha-7 ,25-dien-
24-0l) (20),(3B,24S) - K- 7,25- " 45-3,24-—
i ( (38,24S5) -eupha- 7,25- diene-3,24-diol ) (21) #lI
(38, 24R ) - K 4§ k-7, 25-— #-3, 24-— i (( 3B,
24R) -eupha-7 ,25-diene-3 ,24-diol ) (22) ,

U 2 5 KA B 2 AR B AR A T A
B 23, 558 0 3B-£ Tk A - H 3% -7 475248, 25-
i (3B-acetoxy- tirucalla-7-en-24S,25-diol ) , fL&
Wit LI 3,

B3 R hiE R A YRS

Fig. 3 Chemical structures of terpenes detected in B. papyrifera

3.2 TEEFILAWEEY

Ko %5 3 o % 42 W2 g4 4 43 B 22 45 5 DPPH
L RGP TS 17 T 18 DL AR C i)
MR TR R B, B AL A 17 18 L B AR C
X K G T AT TR T e S AT Ak T, 1G5, 43 91
0.322 mM 0. 317 mM £ 0. 323 mM, Jiij X 25 N2 04 4
Pt A r 45 58 B 3056 4 A, 1C, 43 591k 107. 70
M 53.90 M Fi143.89 uM, a] BE7E T & %k K25 1)
A IR AT

4 HEFULSYHNEHREE

4.1 HEHULESHNEN

B B LB A WA, AT AR , AR 2% 007
WA T —LEWE R RS

Feng %521 KGRI A 81 T 3 Bl 0 B 2%
WG, o3 5 9 2K P R R R 252, 6 - %&B-D-NL I

] B ¥ ( benzyl benzoate-2, 6-di-O-B-D-glucopyrano-
side) (24), (2R,3R,5R,6S,9R) -3-¥5:-5,6-F1 4 -
B-45 % [iE-2-0-B-D-I I 5 B 4+ ( (2R, 3R, 5R, 68,
9R) -3-hydroxy -5,6-epoxy -B-ionol-2-0-8-D-glucopyr-
anoside) (25) #1(2R,3R,5R,6S,9R) -3 - ¥:3£-5,6 -
I - T H-B-55 % 122 -0-B-D-ML i M (2R,
3R, 5R, 6S, 9R ) -3-hydroxyl-5, 6-epoxy - acetyl-8-
ionol-2-0-B- D-glucopyranoside ) (26 ) , Zhou %'/ |
MAGRER SRR T — MR R a2 -(4 -
FEAREL) HE-1,3 - 8E-1-0-B-D-ML I F B 1 (2-(4-
hydroxyphenyl ) propane-1, 3-diol-1-0-8-D-glucopyr-
anoside) (27) ,

Ryu 25127 P BAR o 35 9 A B 22 o 52 00
NS - TE [ ] 25-10-B R B4R 5 90, i 44
A2 A ( broussofluorenone A ) (28) 14 % 2%
filii B ( broussofluorenone B) (29)
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Zhou %51 A S 5 b4 s 15 R )
i, Hep (TR ,887,8'R™ ) -7, 8" -7 -3 - T A 2k
74,477,799 - TR A4, 87T, 9" -HR
SAHE-8 8B ARNE R ((TR™,857 ,8'R™)- 7",
8"'-erythro-3'- methoxy-7'-oxo4,4"",7'" ;9,9 -penta-
hydroxy- 4', 8'": 7, 9'-bis-epoxy-8, 8'- sesquineolig-
nan) (30) JHi b

¢

GHz

@
° i
24

29

AT, Zhao 25" KA I H 43 B HH oK 2 R 1
5t , 435 /& PMAPI ( paper mulberry antifungal protein
1, WP EFEZE A 1) il PMAP2 ( paper mulberry an-
tifungal protein 2, ¥ EFEHEH 2) ., PMAP I 43
Tk 18798, & —FPig e Z IS & 1 ; PMAP 1T 45
TN 31178 SR e MM T bt . LB as

I ULE 4

OH

25 R=H. R=H. R=Gle 27
26 R=CH:CO. R=H.
Ry=Gle

B4 MaphEEHRUSYHNEY

Fig. 4 Chemical structures of other compounds detected in B. papyrifera

4.2 HEHFULEDRESE

Ryu %2 R A4 28 129 HA Bk 14
oc- 7] 26 W TR AT R 3 1, TC 3 0l Ry 27. 6 puM A
33.3 M, HAEH RS o %0 05 17 B4 1 7 AR A%
HIPHE(1Cs, =23.4 pM) £2il, B I TERERE 25T &
LAATREN M . T PMAP 1 5 PMAP 11 # & 9 2 A
gt AR E ( Trichoderma viride ) V514, I1C, #4 0. 1
mg/mL, PMAP 1 5 PMAP 11 & W i i) BA $i
LRI P AR A 2 TR

5 #iE

R AE TR [ oA )iz, o — il 25 I AR i Y
L), I R AR R R ST A i PRI AT 52 P iz
e MW Bl = 2%, s i 2 ke, H AT
XFFRIB B A7 B AR P 5 B — s ik
JE ABARYEA ST BAS N RS AR e &9
A A i R AN AL R, 3 X L AL A8 e AR 7
P BEE A, ELOR S 23 01 5 ke = % AL A 4 2R
ATV M R R AR A — 2B R . R,
A LB AT 25 0800 AR A TR DL R AR
HLI A — 2B 05T, LU RE S5 B A RO T A M
WL

S7%5 3k

1 Lee D,et al. Aromatase inhibitors from Broussonetia papyrif-
era. J] Nat Prod,2001,64.1286-1293.

2 Son KH,et al. Papyriflavonol A, a new prenylated flavonol
from Broussonetia papyrifera. Fitoterapia ,2001,72 :456-458.

3 Chen RM, et al. Natural PTP1B inhibitors from Broussonetia
papyrifera. Bioorg Med Chem Lett ,2002,12 :3387-3390.

4  Guo F,et al. Prenylflavone derivatives from Broussonetia pa-
pyrifera ,inhibit the growth of breast cancer cells in vitro and
in vivo. Phytochem Lett ,2013 ,6.331-336.

5 Zheng ZP, et al. Tyrosinase inhibitors from paper mulberry
( Broussonetia papyrifera) . Food Chem ,2008,106:529-535.

6 Yang XY (4% 2E) et al. Protective effects of TFBP on hu-
man immortalized keratinocytes line HaCaT. Chin J Public
Health ( Wp [E /A3 T4 ) ,2004,20.794-795.

7 Zhu KM(ZRJF#) et al. Study on the effects of TFBP on ap-
optosis of human hepatoma carcinoma cell line HepG2. Chin
Hosp Pharm J( P [E B R 2244%4) ,2013,33.1763-1767.

8 Sohn HY,et al. Fungicidal effect of prenylated flavonol, pa-
pyriflavonol A, isolated from Broussonetia papyrifera (L. )
vent. against Candida albicans. ] Microbiol Biotechnol,2010,
20:1397-1402.

(T34 1337 )



