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Research Progress on Bioactivity of Tricin
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ABSTRACT: Tricin is a natural flavonoid compound, which is widely found in many natural edible plants. Its biological
activities mainly include anti-inflammatory reaction, anti-oxidative stress, anti-allergic, anti-tumor, inhibition of microbial
growth(cytomegalovirus, leishmania and gastrointestinal nematodes), hypoglycemic and hypolipidemic effects. It can become the
direction of new drug development for its good safety. This paper summarizes the research status of the biological activity and
mechanism of tricin in domestic and foreign in recent years and provides a theoretical basis for the development of new drugs.
KEYWORDS: tricin; bioactivity; new drug development; mechanism

B R LANE T LW, KA
Hllo e, B A AR T R L S
WU A, e 1T ok, KA
AN RO, R A DR AR

FE, S5 REY A REEA T R A R H G OH O Tricin
TR RAREAE R P ok B EERREEAS

L. BIRER, ESE RS R . B Fig.1 Chemical structure of tricin
PLRAPUS S EYS D), EHptintagsk 2 BRENEYEMERERANGIMR

[ 50 1 LB A AL Sl 2.0 FLRIEA

—4EiR .
1 BEZISREMLFESEN

EAE e — P RS, A2 g L 1.
RPAENEZRRIL, WA ERE D&, T
AL EE . HAERP, AN 57- R 2K
FEutmE-4-H6, HArSERART, FR, R
BHBL R HRRIP SR R AT RO RE
YRR

HEWB: 1LIEH DATHEZR T EARIRE(2014A026)

TEZE: XIRHE, 2o, LA, FEZAM Tel: (0791)878021314
(0791)878021314  E-mail: xp0420@163.com

- 764 - Chin J Mod Appl Pharm, 2020 March, Vol.37 No.6

FERAE ST e, EWEAMIAE R ). 44
R IAE SRE, LK A 2 40 i TR 7 ) i 3R 3K A5 U7
TS AR . B R, RS R
R b R R O AL B O Sk 0
NE-kB 5, MM R EREAE RAW264.7
11 NO A PGE2 7K1 LA L Al fig % A7 TNF-a.,
IL-1 Fl IL-6 BE(S1), St i 45 NF-«B 12545
WAL R A B (MAPK) S S %, % LPS S

E-mail: liuliyanemily@163.com BIEEE R, 5, B8R Tel:

FpE BACE I 2655 2020 4E 3 55 37 B4 6 1)



HUVECs W & IhgelEt A Ry 1EH, e R4
Jii TNF-a, IFN-y, MCP 1 ({8005, A% % b
2% 71U ICAM-1. VCAM-1. E-Selectin F1i%E AL,
22 PLLHUIEHA

I S NS R 2 Bl AR A SR . AR R
T R AR B, B ROR S mgkg™! Al
10 mg-kg™" & R 3 Ae gk A% /N R CH i K AR B HLB%E
IRIB J Y AR 25 IONE /N 6RO i i 8, S5 R K
RN K 20 e JE R 5 5 PRI B ROK R AR 3h 1)
A8 289 K BRI (40 i (white blood cell, WBC)
T TR M 41 it (eosinophils, EOS)4X H , 41X EOS
E o0 AN SR ae R I, B TE R L&IRE 20,
10, 5, 1 1 0.5 mg-L-' i BEHN I E 5 /N T+ B itk
LN E . B R RIRE 10, 20 1
40 mg- L7 M BT, RO A AT DL S 3 4
Schultz-Dale = 5. 5| & B E UK B 51 75K 77 1514
FERE; 20 mg-L~" A S 2 100 i) 4 ke Plr 850 1 5 JIAC B [l
Wask psE . B BRI, EAE R R
BRI MG /N B BALF i HF NO. TNF-a. IL-1B 7K
S, A RS R W g N BRI S AORE R R YR e
ELMEZH iU ) TLR4. My D88 NF-xB p65 mRNA Fll
B A Rk J 819280
23 PuMEiEHA
23.1 PisipE  Wang SPMERER A B EY)
JE 5 LR LB U AR P 25 B s S50 I,
B 15 2 B A 45 0 40 e HT-29 F H (ICso
114 pumol- L") P B0V 30 78 25 1T 52 77 = Ak 46t
P B S 40 1) L e 4 P SWL116 (1845, i 41 it BHL
T GO/G1 A, FEnl AT, HALEI T A
5N Bel-2 1 L1 Bax R K. H 18 214
(Antartina) G818 i 1 22 (1) 9% B 25 K 4100 1) 45 B W
Joe 240 L () S B RO G RS, R AE R 2 IR 1
5 17 g 24 TR 4 R e 28 A A T A ) (4 R B B
FRUC AT IE DY B 2 AU T PR P R 40
- ROS AT F i VEGFR2 15 5% %, iffE
3 3 A bR 4 i b HIF-1 R SRBEK VEGF 1
ik, ZHRE BN E fE R A VARER T, #E
et DURER S PP I A A 2330,
232 PUATHIEE  EE R RE W 0 22 v A
FEIM 24 (AT H1 BRI PC3 4l [ICs M (117.5+
4 4)umol- L"), T E KL RIE MiR-21 ] PC3 4
PIESE, $&7 15 18 2 AT BRAR NS 2 P4 A 2R 24 (1 A
H e i e 34

Fp E BN 26524 2020 4E 3 45 37 B4 6 W)

233 PiiUE  fEM 48 h A, EfERAE
5~50 pmol-L~" RE & & Mk #h 2R FUR AL Co 4
MR G0 BRAURZE, R A 24,
P 2 i 4 8 & 1 ¥ (matrix metalloproteinase ,
MMPs)[JKiE, L B8, PRSP
My FAK &5 /K- FI4IH] FAK FU#HE SIE 1. B 1S
R EFBEMANE LI miR-7, PR FAK RiL, #I
i1l C6 2 ff I 1 GE A4 221250,
24 SEHRIGEE A

Zhang ZECSERTFUE HAUE B M E EIRIT T
TR, ERE FR AT LUE R BN MSCs
Wnt/B-catenin Wnt {5 5 i BRI w5 TR, (i
NI FE T4 MSCs UGS E540 A, 3608
HI AR LR ) RIL, WFEFREN. FMHE.
B PE BE R G A RUNX2.
25 Ukt

Moon, Park ZB738URHIFEL UV BB ANE
B AT AEAH L TR, B AE 2R RS A Sk S < ) AR 1 g
FIZE R, 8 T R R B AR, HfE R B L
W T HLEALEE HO-1 A SOD1 K IE, BILT UV
75 3 1035 P % (reactive oxygen species, ROS)A: &
M ROS 753 MAPK KR ik, MRS 1 iE &
H-1(AP-1)JRL . A, FfE R e IkBa 1)
TR A DA B TKK o/B FH B BH 1E A% 4% 5 1 NF-xB.
7£ SKH-1 BB/ RIS, % (R
& 03 mgkg'-d!, ELL 14 F)RE L E KM
T 5 /D B R A UL RRE A S0, KRR
KGR 8RR R A 4RSS DL [FIB K
M EERMDR, HERIKZRZEFENNERE
B (MMP)-1 FI(MMP)-3 [)RIEY K, e
WHET B/ A, B 18 =PRI T ki
1 #0220 AE FIBILR AT e 2 J8 #4682 1
IRk
2.6 A
2.6.1 {HIEAIRPIE  HE R BAR AF s A
CDKO9 ) ATP-#r4Ar &, M) & 3 2 3 4
PR 9 vh M, Rom) RNA A 1T 2 Ik oy 45 44 i
BE AL, A PR 6 i 2T 4E 48 i (human embryonic
lung, HEL)"E4HiupisE 2 H], HXf HEL TAR
SR HUE A LA R CCLS[Z 5
A E 41 fg 9% & (human cytomegalovirus, HCMV)&
il (R A R 22— 190 i 26 AT 1) 2 s 2B CCLS
MEERE. £ CCLS MR Y, HCMV

Chin J Mod Appl Pharm, 2020 March, Vol.37 No.6 - 765 -




Bl %I 5. 34 & [K] (immediate early 1, IE1). HCMV
UL54(4%wt% DNA ZR& 8 HCMV & il (17 K
PR R, X R, HiE &P HCMV
TETES IS AR, L T CCLS MR HE
RIMAE bR 2 — D04, R E RS R 6 AL F JUR,
T B A W i ) L E A R dE R, AR 4
NHEEEFN 200 15, EAERE 400 fif, Xfa A
FR A28 &AL AT 20 A, KB 6F-1E 45 % 5 CDK9
BRI AR BT 6F-E 18 R1E ATP 45411
PR ESE A B . X SRR LR, 6F-EfE 32
— PR TP B 40 M5 25 2P A fig ik
2.6.2  FHIFIATEHR E S =X R 2 A
TC ¥ B ARAG JH 4 I (ICs0 56 pmol-L™"), HZE
SN P R B R B>, RN TE 4R AR
TP RTER, ETE R T B A I R
Ko LA R T IR 2 RORAS, WS T
B AR U K,
263 Gl EBEL R ARG EERE
(Digitaria insularis)fA AL G A2 WY G BB W
B, (EH RS AT, 4 LC-MS A
By 2 — N ETE =,
2.7 FEILpE

HEZARERS REBAERNHELT, B
REEZE 1N C2C12 H A HE MR . fEZ E S =
TSN R, 7520 pmol L-)AEM N GLUT4 %
LR 1.6 %, RERORER R AR,
B2 2R EY)-1(IRS1), WEREWLEL-3- 35 (PI3K).
| A B(AKT). AKT JEYI(AS160)%:; DRSS
245(64, 160 mg-kg™")th A & 25 [ (1K 6 %5 H 7 fir
C57BL/6 /> BRI AR 7K P 1451,
2.8 HUAERE. BEAREH

Lee SEVOITEAF FURERESEI0 H IE S48 T/NRE
e 7 12 G RIN, H1E R 224200 mgkg'-d™)
RE 52 PR AR /DN AR R AR R B, i H ik =5
KA, R R AR TR I TG 107 & RO B IR Jo A i
ML (IR & B, )\ E-CoA 2 M FI
1, KB 8 7 R R RE A 7 6 H i -3- Wi R 2h It L 4 5
Vil P et T P R T A ) A 00 ) o BT AR
K, 5 e 5 40 A o0 A Gk S840 Bl A 16 A - S A2 4
y F1 CCAAT/HY5ERERER H o 55)F K o X LLfF i 1F
FH AR T s R S5-I R S B 1R S 10
2.9  PUERER M

Cui Z5W71E S # 37. RSC96 ZH i Sk A AL, HiF

- 766 - Chin J Mod Appl Pharm, 2020 March, Vol.37 No.6

SEETE R 7-O-41 0 B M BEXT B 51 S 1 4 o 45
BRI VE W FC 3R B & Al iR )T = R
SN [P 2540 o

2.10 LAl

Cui Z5USUR] I — 4 S0 €3 7 100 5 e 24 1)
PrEEN, RUHEIEMEER S 2 —NE T
%, it ABTS, PH, FRAP, TFC Hl TPC #i%
S PE D7 R e S = PURAMAER, R T
FHE S EEE, HPUE SRS,

211 PrIEE (PR 25 BRI

Wt 5538 R 4 ) X4 R 5 5 4 fb A pi 2 B
A SH-SYSY 4Hf, MK HERPE S TAU & A
B AL RN S 22 45, S ST /R 2 i BR e 4T A 1
RIVETE 2 B ARG e & R4 B B,

3 REERE

gk, HEREVEEEERRL. BT
SR BUAR S IEIGAEYD . BEIE . BE AR
P ProkE RN ML SEA, WA ME
FiE M £ HA AT NF-«B. MAPK 15 S, 1F
F T Toll 52 44; {17 Wnt/B-catenin Wnt il % ;
SUR AN ZH 23580, BRI MMPs 13RI, I E-
PSR, PRIRELE BLEEE FAK 2 (/KPR
FAK N5 St . EPhmRatem, R
WERZ, EWEETY), etEr, KRN
EHIRK.

BN E TS RAE 2 M AR, AliE R
SETNESRAS, ERERR, KEFRIPH A A
FE, b a1 R R R O

XA SIS 3-FRAEE R S SRR R WA K
oCHmE, RS 5ARMENEG K, & hed
W& G RN 3-RLEEE T, WS S5ARES
FROE 7 2 AR ks BRGE AR Y T v a0 R
il CYP75B3. CYP75B4 ji5 1402, #hab®E, fid
MR, VAT SR A FE035Y, 1 AT SR AN Bl 3
MEHEENEE. TURMHERRFRHITERER
MEE, REERMRNE, NNELG. BEX
RS I 3E A7 245 3 g VR S AL B 7L, ME 4T 4L
S SRR FT, A B R OA I 2 N BT 24 1 PR R
5, mJalRSS TGRS .

REFERENCES

[1] WU Y H, ZHANG R, XU P, et al. Studies on the chemical
constituents of bamboo root [J]. Lishizhen Med Mater Res(F:f

FpE BACE I 2655 2020 4E 3 55 37 B4 6 1)




[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

B [H [ [H 25), 2009, 20(10): 2403-2404.

ZHANGR, LIUJ Q, LIU L Y, et al. Preparation of tricin from
Bambusa textilisby preparative HPLC [J]. Chin Tradit Herb
Drugs(*1#24), 2010, 4(12): 1985-1987.

JIAO J, ZHANG Y, LIU C, et al. Separation and purification
of tricin from an antioxidant product derived from bamboo
leaves [J]. J Agric Food Chem, 2007, 55(25): 10086-10092.
LEE D E, LEE S, SINGH D, et al. Time-resolved comparative
metabolomes for Koji fermentation with brown-, white-, and
giant embryo-rice [J]. Food Chem, 2017, 231: 258-266.
YOON N, JANG G Y, LEE Y J, et al. Isolation and
identification of a tricin 4"-O-(threo-B-guaiacylglyceryl) ether
producing microorganism from germinated rice [J]. Korean J
Food Sci Technol, 2016, 48(4), 361-365.

YOON N, LEE S H, JANG G Y, et al. Optimum extraction of
tricin and tricin 4'-o-(threo-B-guaiacylglyceryl) ether(TTGE)
from rice hull (Oryza sativa L.) [J]. J Korean Soc Food Sci
Nutrit, 2015, 44(12): 1923-1926.

WU Q X, HE X F, JIANG C X, et al. Two novel bioactive
sulfated guaiane sesquiterpenoid salt alkaloids from the aerial
parts of Scorzonera divaricata [J]. Fitoterapia, 2018, 124(1):
113-119.

GALL D L, KONTUR S, LAN W, et al. In vitro enzymatic
depolymerization of lignin with release of syringyl, guaiacyl,
and tricin units [J]. Appl Environ Microbiol, 2018, 84(3):
€02076-17. Doi: 10.1128/AEM.02076-17.

MIYAMOTO T, YAMAMURA M, TOBIMATSU Y, et al. A
comparative study of the biomass properties of Erianthus and
sugarcane: lignocellulose structure, alkaline delignification
rate, and enzymatic saccharification efficiency [J]. Biosci
Biotechnol Biochem, 2018, 82(7): 1143-1152.

TAKEDA Y, TOBIMATSU Y, KARLEN S D, et al.
Downregulation of p-COUMAROYL ESTER
3-HYDROXYLASE in rice leads to altered cell wall structures

and improves biomass saccharification [J]. Plant J, 2018, 95(5):

796-811.

TARMADI D D, TOBIMATSU Y K, YAMAMURA M, et al.
NMR studies on lignocellulose deconstructions in the digestive
system of the lower termite Coptotermes formosanus Shiraki.
[J]. Sci Rep, 2018, 8(1): 1290.

WANG X X, ZOU L, QIAN W, et al. Research progress of
effects of flavonoids on ion channels of cardiomyocytes [J].
Chin J Mod Appl Pharm(+ EHLAANFH Z4%%), 2019, 36(7):
885-887.

RAO S, SANTHAKUMAR A B, CHINKWO K A, et al.
Chemopreventive potential of cereal polyphenols [J]. Nutr
Cancer, 2018, 70(6): 913-927.

BAI N, HE K, ROLLER M, et al. Flavonolignans and other
constituents from Lepidium meyenii with activities in
anti-inflammation and human cancer cell lines [J]. J Agric
Food Chem, 2015, 63(9): 2458-2463.

LEE D, IMM J Y. AMP kinase activation and inhibition of
nuclear factor-kappa b (NF-«kB) translocation contribute to the
anti-inflammatory effect of tricin [J]. J Food Biochem, 2016,
41(2): e12293.

KANG B M, AN B K, JUNG W §, et al. Anti-inflammatory
effect of tricin isolated from Alopecurus aequalis Sobol. on the
LPS-induced inflammatory response in RAW 264. 7 cells [J].
Int J Mol Med, 2016, 38(5): 1614-1620.

SHALINI V, PUSHPAN C K, SINDHU G, et al. Tricin,
flavonoid from Navara reduces inflammatory responses in
hPBMCs by modulating the p38MAPK and PI3K/Akt
pathways and prevents inflammation associated endothelial

Fp E BN 26524 2020 4E 3 45 37 B4 6 W)

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

(311

[32]

[33]

[34]

[35]

dysfunction in HUVECs [J]. Immunobiology, 2016, 221(2):
137-144.

LIULY, YINY T, XU P, et al. Effect of tricin on immune
function in mice [J]. Guangdong Med J(J~ & EE %), 2016,
37(8): 1118-1121.

LIULY, QIU Y A, XU P, et al. The study of tricin on
anti-alergicactivity [J]. Guangdong Med J(/ ZR[E2%), 2018,
39(6): 811-815.

BICKOFFEM, LIVINGSTON A L, BOOTH A N. Tricin from
alfalfa—isolation and physiological activity [J]. J Pharm Sci,
1964(53): 1411-1412.

FH. HREZ PR BRIURE . PR A R RS T A
[D]. J7JH: AEREE T K%, 2017.

ZHANG C, QIN M J, WANG Y. Chemical constituents of
Chrysanthemum indicum L. [J]. Pharm Clin Res(Z% 51lf/R
HEFL), 2009, 17(1): 39-41.

ZHANG W K, ZHANG X Q, YE W C. Chemical constituents
of the aerial parts of Euphorbia sororia [J]. J Chin Pharm
Univ(H B 2RFR 2 24)), 2007, 38(4): 315-319.
LIJ,AOL,LIUY H, et al. Study on the chemical constituents
and the anti-inflammation effects of the leaves of Ribes meyeri
[7]. West China J Pharm Sci(4£7 %)% %4 %), 2018, 33(3):
235-238.

OU X H, KUANG Y, WU X Q, et al. Chemical constituents
from leaves of Cyclocarya paliurus [J]. Chin Tradit Herb
Drugs, 2017, 48(23): 4840-4844.

CAO F. Chemical constituents from Stellaria dichotoma var.
lanceolata [J]. J Chin Med Mater(H' Zj#4), 2017, 40(10):
2351-2353.

WANG J Y, TONG Y L, ZHAO W H. Anti-inflammatory
activity of swertiamarin and its effect on the expression of
NF-kB pathway-related factors p65 and IKK-a [J]. Chin J Mod
Appl Pharm( E B R 24%), 2018, 35(12): 1817-1820.
YIN Y T, LIU L L, LIU LY. Tricin’s inhibitory effects on
TLR4/MyD88/NF-kB pathway of alveolar macro- phages in
asthma mice [J]. Chin Tradit Patent Med("' i24), 2017, 39(3):
450-454.

WANG Y, SHEN JAMES Z S, CHAN Y W, et al
Identification and growth inhibitory activity of the chemical
constituents from Imperata cylindrical aerial part ethyl acetate
extract [J]. Molecules, 2018, 23(7): 1807.

CHEN Y, YAO H, LIN X H. Effects of tricin on proliferation
and apoptosis of human rectal cancer SW1116 cells [J]. Nat
Prod Res Dev( KA 58 57T ), 2013, 25(1): 31-35.
MALVICINI M, GUTIERREZ-MORAGA A, RODRIGUEZ
M M, et al. A tricin derivative from desv. inhibits colorectal
carcinoma growth and liver metastasis through the induction of
a specific immune response [J]. Mol Cancer Ther, 2018, 17(5):
966-976.

HAN J M, KWON H J, JUNG H J. Tricin, 4', 5,
7-trihydroxy-3', exhibits
antiangiogenic activity in vitro [J]. Int J Oncol, 2016, 49(4):
1497-1504.

MIN S J, LIM J Y, KIM H R, et al. Sasa quelpaertensis leaf
extract inhibits colon cancer by regulating cancer cell stemness
in vitro and in vivo [J]. Int J Mol Sci, 2015, 16(5): 9976-9997.
GHASEMI S, LORIGOOINI Z, WIBOWO 1J, et al. Tricin
isolated from allium atroviolaceum potentiated the effect of

5'-dimethoxyflavone, potent

docetaxel on PC3 cell proliferation: role of miR-21 [J]. Nat
Pro Res, 2018, 32(311): 1-4.

CHUNG D J, WANG C J, YEH C W, et al. Inhibition of the
proliferation and invasion of c6 glioma cells by tricin via the

Chin J Mod Appl Pharm, 2020 March, Vol.37 No.6 - 767 -



[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

<768 -

upregulation of focal-adhesion-kinase-targeting MicroRNA-7
[J]. J Agric Food Chem, 2018, 66(26): 6708-6716.

ZHANG H, LI H Q. Tricin enhances osteoblastogenesis
through the regulation of Wnt/B-catenin signaling in human
mesenchymal stem cells [J]. Mech Dev, 2018(152): 38-43.
MOON J M, PARK S H, JHEE K H, et al. Protection against
uvb-induced wrinkle formation in SKH-1 hairless mice:
efficacy of tricin isolated from enzyme-treated extract [J].
Molecules, 2018, 23(9): 2254

PARK S H, LEE S S, BANG M H, et al. Protection against
UVB-induced damages in human dermal fibroblasts: efficacy
of tricin isolated from enzyme-treated Zizania latifolia extract
[J]. Biosci Biotechnol Biochem, 2019, 83(3): 551-560.
SADANARI H, FUJIMOTOK J, SUGIHARA Y, et al. The
anti-human cytomegalovirus drug tricin inhibits
cyclin-dependent kinase 9 [J]. FEBS Open Bio, 2018, 8(4):
646-654.

ITOH A, SADANARI H, TAKEMOTO M, et al. Tricin
inhibits the CCLS induction required for efficient growth of
human cytomegalovirus [J]. Microbiol Immunol, 2018, 62(5):
341-347.

AKAI Y, SADANARI H, TAKEMOTO M, et al. Inhibition of
human cytomegalovirus replication by tricin is associated with
depressed CCL2 expression [J]. Antiviral Res, 2017(148):
15-19.

FUJIMOTO K J, NEMA D, NINOMIYA M, et al. An in
silico-designed flavone derivative, 6-fluoro-4'-hydroxy-3',
5'-dimetoxyflavone, has a greater anti-human cytomegalovirus
effect than ganciclovir in infected cells [J]. Antiviral Res,
2018(154): 10-16.

SANTOS A L, YAMAMOTO E S, PASSERO L F D, et al.
Antileishmanial activity and immunomodulatory effects of
tricin isolated from leaves of Casearia arborea(Salicaceae) [J].
Chem Biod, 2017, 14(5): €1600458.

SANTOS F O, DE LIMA H G, DE SOUZA SANTOS N S, et
al. In vitro anthelmintic and cytotoxicity activities the
Digitaria insularis(Poaceae) [J]. Vet Parasitol, 2017(245):
48-54.

KIM S, GO G W, IMM J Y. Promotion of glucose uptake in
C2C12 myotubes by cereal flavone tricin and its underlying

Chin J Mod Appl Pharm, 2020 March, Vol.37 No.6

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

molecular mechanism [J]. J Agric Food Chem, 2017, 65(19),
3819-3826.
LEE D, IMM J Y. Antiobesity effect of tricin, a methylated
cereal flavone, in high-fat-diet-induced obese mice [J]. J Agric
Food Chem, 2018, 66(38): 9989-9994.
CUILY L, TAO Y D, JIANG L, et al. Antihypoxic activities of
constituents from Arenaria kansuensis [J]. Phytomedicine,
2018(38): 175-182.
CUI Y L, SHEN N, YUAN X, et al. Two-dimensional
chromatography based on on-line HPLC-DPPH bioactivity-
guided assay for the preparative isolation of analogue
antioxidant compound from Arenaria kansuensis [J]. ]
Chromatogr B Analyt Technol Biomed Life Sci, 2017(1046):
81-86.
QIU D, GUO J, YU H, et al. Antioxidant phenolic compounds
isolated from wild Pyrus ussuriensis Maxim peels and leaves
[J]. Food Chem, 2018, 241: 182-187.
GA R K, EUN S J, SARAH L, et al. Combined mass
spectrometry-based metabolite profiling of different pigmented
rice(Oryza sativa L. ) seeds and correlation with antioxidant
activities [J]. Molecules, 2014, 19(10): 15673-15686.
YUAN Z, LUAN G, WANG Z, et al. Flavonoids from
potentilla parvifolia fisch. and their neuroprotective effects in
human neuroblastoma SH-SYSY cells in vitro [J]. Chem
Biodivers, 2017, 14(6): €¢1600487. Doi: 10.1002/cbdv.20160
0487.
LAMP Y, LUl A C W, YAMAMURA M, et al. Recruitment
of specific flavonoid B-ring hydroxylases for two independent
biosynthesis pathways of flavone-derived metabolites in
grasses [J]. New Phytol, 2019, 223(1): 204-219.
JIANG B, ZHANG Y, GU L H, et al. Structural elucidation
and antioxidant activity of lignin isolated from rice straw and
alkali oxygen black liquor [J]. Int J Biol Macromol, 2018(116):
513-519.
YOON N, JANG G Y, LEE Y J, et al. Tricin and tricin
4'-O-(threo-p-guaiacylglyceryl) ether contents of rice hull
(Oryza sativa L.) with heat treatment and germination [J]. J
Korean Soc Food Sci Nut, 2016, 45(5): 696-701.

Wekig H 1 2019-03-06

(A5 9: FHTT)

FpE BACE I 2655 2020 4E 3 55 37 B4 6 1)



