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Advances in Research on Active Ingredients and Pharmacokinetics of Eucommia Ulmoides Oliv

MU Wenbi!, CHEN Qihong', DUAN Cancan?, ZHANG Jianyong'"(1.School of Pharmacy, Zunyi Medical University,
Zunyi 563009, China; 2.Key Laboratory of Basic Pharmacology of Ministry of Education and Joint International Research
Laboratory of Ethnomedicine of Ministry of Education, Zunyi Medical University, Zunyi 563003, China)

ABSTRACT: The chemical components found in Eucommia ulmoides Oliv mainly includes lignans, iridoids, phenylpropanoids,
flavonoids and et al. Modern research showed Eucommia ulmoides Oliv exhibits various biological activities and strong
medicinal value. This paper reviewed the chemical constituents of Eucommia ulmoides Oliv in recent years, and the active
ingredients were screened. Further the pharmacokinetics of these components from Eucommia ulmoides Oliv were summarized

and analyzed, which will provide a new reference for the further study of Fucommia ulmoides Oliv.
KEYWORDS: Eucommia ulmoides Oliv; chemical composition; activity component; pharmacokinetic
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Tab. 1 Lignans in Eucommia ulmoides Oliv

Fr . . %
o 4 P -,
5 SCHiR
| HHFANRIE 4°,4- Z LI (+)-Medioresinold 44> ;
EIETT di-i-O-B-D-glucopyranoside (7
(+)-EucomminA (medioresinol
2 MERA 4°-O-f-D-glucopyranoside) (8]
3 AR (+)-Medioresinol 9]
4 HPRANEEE 47,47 - ZIEREA (+)-Medioresinol 4’47 [10]
wIRETT di-O-p-D-glucopyranoside
S AR (+)S—i}(’1ienoresinoldi—O-ﬁ-D—glucopyrano [10]
p FANGRE 4,4 - LI HI %] (+)-Pinoresinol 4’4 [10]
BEEr di-O-B-D-glucopyranoside
7 FAREE (+)-Pinoresinol 9]
. e e (+)-Syringaresinol 4°-
=3 )
8 TEIER 4-MERT O-f-D-glucopyranoside (7
9 TEMER 4.47-"IEH  (+)-Syringaresinoldi 47,4 (1]
T di-O-p-D-glucopyranoside
10 THER (+)-Syringaresinol [9]
" 1-FRFERA NIRRT 47, 47°- 20t (+)-1-Hydroxypinoresinol 4°,4” 7]
MR 4 26 17 di-O-p-D-glucopyranoside
o 1R EEAANEZR-47-ILIRHT  (+)-1-Hydroxypinoresinol 1]
LR 4>°-0-p-D-glucopyranoside
3 1-ZREER NG R4 -NEI %] (+)-1-Hydroxypinoresinol (1]
5 4’-0-p-D-glucopyranoside
14 1-FRHER IR (+)-1-Hydroxypinoresinol [11]
15 FRinfam (+)-1-Epipinoresinol [91
16 fiiE (-)-Olivil [9]
17 MR (-)-Cyelo olivil 9]
18 Hii -4 - & (-)-Olivil-4’-0--D-glucopyranoside [11]
19 HtEZE-4 ML & % (-)-Olivil-4>>-O-p-D-glucopyranoside [11]
0 M E 40,4 - ZHERI % (-)-Olivil 47,47 1]
BET di-O-p-D-glucopyranoside
. Erythro and theroguaiacyl
21 H& B 11
HR glycerol-f-conifery aldehyde ether (1]
20 UL (+)-Dihydroxydehy-drodiconiferyl (7
alcohol
23 RS — R Threo-dihydroxydehy-drodiconiferyl 9]
alcohol
24 FR SRS — R Erythro-dihydroxydehy-drodiconifery 9]
1 alcohol
T (-)-Dehydrodiconiferylalconhol
25 BE—Hm—aEH 4,y’-di-O-p-D-glucopyranoside l
. Yy e PO
26 FFaH BN RS (+)-Threo-guaiacylglycerol-f-conifer 9]
y aldehyde ether
NI . ' +)-Erythro-guaiacylgl 1-f3-conif
27 Fkthup by (Y iroswaiacyiglycerol freonife o,
ry aldehyde ether
’ HERE-C-4 4- " MIRH  (-)-Hedyotol-C-4’ 4" 1]
EIREE -di-O-B-D-glucopyranoside
29 (H)-FARRME A FERRIE L (+)-Pinoresinol vanillic acid ether [12]
et ] 2 Y diglucopyranoside
30 (H- T E MR RN — (+)-Syringaresinol vanillic acid ether [12]
WL 7 2 diglucopyranoside
3 (- TEN=M--TEM  (H-Syringaresinol-f-syringaresinol (9]
R WEE ether-4 4”-di-O-p-D-glucopyranoside
5 " . Guaiacylglycero-f-syringaresinol
Hil-p- T &R Lk
32 p : ether-4’,4’’-di-O-f-D-glucopyrano [12]

-4 47 - IR R B
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Tab. 2 Iridoids in Eucommia ulmoides Oliv
FF5 b4 b4 P
1y Geniposide [11]
2 PR Geniposide acid [11]
3 Her Genipin [11]
4 Hem I Aueubin [19]
5 kLfpF Ulmoside [20]
6 RAYRMELF-10-O-ZFefE  Scandoside-10-O-acetate [21]
7 HEEY Ajugoside [19]
8 AT LRI Harpagide acetate [19]
9  FEmEHR Asperulosidic acid [22]
10 % CBhHE R BOH R Deacetyl asperulosidic acid ~ [22]
11 EANZE Reptoside [23]
12 AhAREE Eucommiol [23]
13 FhfhEE 1 Eucommiol 1 [11]
14 FLATEE 2 Eucommiol 2 [11]
15 FLAEEH Eucommioside [20]
16 ALAREET 1 Eucommioside 1 [11]
17 i SUAL i B 1-deoxyeucommiol [11]
18 e PFHR=FK Ulmoidoside A [23]
19 FBPHERMEME Ulmoidoside B [23]
20 Fg PHR=FAKZMKE Ulmoidoside C [23]
21 e PFHRMNEAKZKE Ulmoidoside D [23]
22 EMELY Asperuloside [21]
23 - Eucomoside A [21]
24 — Eucomoside B [21]
25 - Eucomoside C [21]
26 FEEE Catalpol [24]
27 1-EEALAEE 1-deoxyeucommiol [21]
28 EHBIKE Dihydrochalcone [25]
29 HALAE Epieucommiol [12]
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Tab. 3 Phenylpropanoids in Eucommia ulmoides Oliv

%
5 A e .

SCHR
1 omERR Caffeic acid [9]
2 WHERR 2R Caffeic acid ethyl ester [16]
30 ZEWNHERR 3,4-dihydroxyphenyl propionoc acid [23]
4 GFERFE Methyl chlorogenate 191
5 SRR Chlorogenic acid [21]
6 FLEER A Isochlorogenic acid A [30]
7 REJER C Isochlorogenic acid C [30]
8 ETHW Syringin [31]
L VERE Coniferin [31]
10 FAMARE Coniferol [9]
11 3-(3-FRFFIE)NEE  3-(3-Hydroxy phenyl)-propionic acid [30]
12 BERER Ferulic acid [32]
13 FEtlEg Neochlorogenic acid [33]
14 FRZt)EIR 4-dicaffeoylqunic acid [33]
15 PUIriMEg Ascorbic acid [17]
16 XEDR P-coumaric acid [34]
17 @EOIRER =8 Guaiacyl-glycerol [11]

1.5 B8, mHK

R P A2 2 I A A S R RIE 28, BA K
PSS EMEER 7 . Hb SRR 7L
M A A AR Y, RE IR IR B — T
JifgRg i A2, L 5.

w5 HAEFEX. WXL

Tab. S Steroids and terpenes in Eucommia ulmoides Oliv

%

R 4 YL ik
1 [ZEZASES Daucosterol [33]

2 B~ £ i B-Sitosterol [42]

3 HHENR IR Betulic acid [42]

4 &SRR Ursolic acid [42]
5 b3 N B Loliolide [43]
6 HIEE C Rehmaglutin C [44]

7 - Ulmoidol [10]

1.4 HEK

R A YA FEE RS2 —, HAl
ML 2> B 19 PR ER 2RI &4, KEMRZ
HAERE R, ZR A BA AR F i 4
JFy BUEd . PiaEe . BrEL AT O L KRG E
LRGN, W 2 P R PR S 56 K R Y,
iz My B — 8 P E . LR 4.

L RS LB

Tab. 4 Flavonoids in Eucommia ulmoides Oliv

5%
i) L€ e -,
SCHR
i e 3R Quercetin [36]
2 WEm Kaempferol [37]
. Kaempferol
3 WEM-3-0-6" LM E 3—0—6?’—acetyl—g1ucoside (22]
4 WIEB-3-0-=FH Kaempferol 3-O-rutinoside ~ [21]
5 I Astragalin [21]
6 SR Isoquercetin [21]
7 Mt R -3-0-F A5 R Quercetin 3-O-sambubioside [21]
8 KM Astragalin [21]
9 WEHR Baicalein [37]
10 WEEH Wogonside [38]
11 WEEFR Wogonin [37]
12 Wil 2 3-0- St Quercetir.l 3-0-galactoside 21]
(hyperin)
13 MHERS-OaL BIBRHL Qu:;;j;:ozyla(?;)a;fclzpyr [22]
BiE-(1-2)- M € B anoside
14 =T Rutin [21]
15 Bl AR Hrisutin [21]
16 &2kt Hyperoside [37]
17 KBREER Luteolin [39]
18 JHAEE Nicotiflorin [39]
19 ARG Oroxylin A [40]
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IR-T-0-LIEBEIEH M (-)-75-7-0- 23 L3
HAr 1,3-1 S EE-2-0-40-(3a,5°- ~ WA HE-1-5
FH ) 2R R4S
2 HAHEMR
2.1 FRARAESC AR N I AR
211 W RUKERAVHEANERENRS, 22
PRI . A 228 9T T AL S U 78 K R A4
WIS R 2, 24 pH 7.4 W 5B P H R IR
572 s pH H 2 3 520 4R I R 5 R 2 iR IR 1) R AL 5
3h BFRICR BN, Hrak IR R 5 4 JE R I ik
FE S B BAR T R B, $RIRAFTE U I I 52 .
B B T R () WR AT S5 0 4 o) W ACookE  [R i B
Mt 4> > E > 451, R e 3=
LRSS & /N1 o A S 0 7 A5 i 16 TR
TR BRI ], A R LSRR 1 R AR R
WK BE pH /NG N (pH 5.0 B FRAK), H 5424
TRPEIEAR O s A4 R IE — 8 %) B RN % 5 pH.
RYIRIEIEAR G, IR B I A7 AR RSB AT I 5
P G Tt A 260 W 1) SR AR WA 5 pH JE B RAR G,
WS 45 25 VR FE T v T 3 . KREB S 45

R E BB F 252 2019 4 10 A 58 36 B35 20 ]



1 5 K IS T s g T A L AR I B A
BEH B Crmax ¥/ T JF 1788 K (264 pg'L™' s
64.3 ng-L', 0.66 png-L~" vs 8.31 ug-L™"), H#HEWTATI]
Bk LA b 2 Fhsior 6 R A B, A
AV O B A RA IR B A R, A W ()
49 5.34 min, VHBRAEEA 117 h, R HAERK
PRSI HL GV B e AR R 4R R TR A
TE KBRS PR i 4/ A 28 R B [ i R I A Y v 3 R
A — IR EEAORE, [ i 35 AR T
i B, 5 S HE W e i o G A R A ), &
Ji B E KRR R A FE v S5 v+ 48 i 5 1R 1
WL T2 W Al B4 o HE B R A I — 7 2 0 7 A
FaRRE A EIHEE S, 2K BRI IR b Rk eIt 8] 4531
9 40~41.14 min 1 23.33~25.83 min, WU, H
i UG T 4] 267 0 (100 O S i 2 259 B v v 44 o531,
HHIFE 2R, R P IRG 2505, AL fP A
5 S i e P R A VR [RIARTR], R 5 b g
WA S =1(517.59 pg- L' vs 733.292 ug L"), %
AH SR 5 TR T3 1 B 23 TR 1A 56
212 oA KR O EERY R, H5HG 3
ANTEVE R AEAS RIS 1) s I ZH 2R 90 AT, 45 R 3
B FHRTE 70 min B 259K E S &5, EES
A, LA T T < o0 S s 434 JFUFR 7E 300 min
WP B & B, EE AN, B . O
s Bk s R P 4 &5 B E 50 min B 254))
WRES ER, EESMEN, REZE. O Ml
AT, A E R B A R S, WO S
o 14 B o A B BT B AN BRAR N 1) 40, Ferpobk
335 R B AR R /N R R e, AU
Ko dbsah, BRGEFEERAN, e BE 5 AR
HJESFH . 58S R AE P 5 D) B /N BRI &4 2R
oA BE v T IR AN BB Bk e I A A
R E RN RN Al HYsE R, 8 A
THEAEFIE A, H OO, B AT, K
UK S SR R IR G . EE AR R, RER
O i B B L. BRTAIE &, A FE
T i B o0,
2.1.3 AR XL N TS RIS Ak 3 5
Y7, RIHEAE BT /K g 7= A G,
HEF AR E S REFNEES . #—D KM
RLAR AR &1 5 5 925 0 5 Ak P 3 B8 3 A K BRI A 1)
R, i REK WX T BRI, $ERH
FERBRAE N EZ DR BAEE
HE AR 2% 2019 4F 10 H 5 36 4555 20

2,14 HEM OKEEB MBI G, MIREE
B B FLARU = s i e e 0 B AR IR
) ML 5 5 B BT[] SRR T, 4 h Bk T,
6 h Jo fREF T RUIRABS), )R BOI% 8 1 i R B K
RAL PR EE SR Y G LR VEPE R 7 48 h [ HEE
B, WO AE e R I T B A i, IR R I A
NEBE & pE E R HE 0. EE S T RR e
PR, MR R H e S AR R R e,
R 259 BEARAR o 30 J& 1 1 76 K B4 N K8 70 K
Ak, D& VLRI G PR IR 2 5 HE A
9“61]0

22 EBRKAHFSH

221 ARAP R B SS AAP AR Ay
T BRI A B I 0 R A M
MM . e PSR PR DL R RE RS,
253 2= it 2 BB IR B A N 2 bR K 55
T, BE AKXt S TR RS T RO 1 2B S
e, MR 2 AR AT A AL, LU
FLA S & 1t o 2130 IR AN T it 5%
2211 SeHIREE REE REALMEREYE, Bk
- B 35 EF 16 08 0§ I TE] (fmax)=0.88 h, - IE I
(112)=2.68 h, LHIHAEMAN P AARIE, FHIEFF&—
AR o5 24 77 SRS e Bk v 3 B8 A R S Y
25 H, BB IR 32 3 (41/20)=27.78 min,
M B E W] (f0p)=52.27 min; ik IE 5B
t12¢=10.34 min, #25=40.27 min, % LAJH12 FRdh
2577 NS A e i, R A = AR AL, AR A
w7 2 KBRS T S AR Bk I S
112¢=16.92 min, t23=32.23 min, FLER P IMRIL
FEBRIEBAR, 56 BRI,

2.2.1.2 KA G B A A RE T RRA T I R 2 B L
KGRV B AL R SE ) J5 . A0 R I 0 2 A A IR
AR R ERT A HIR AR, t20=4.24 h,
fmax=1.57 h, Cnax=18.57 pg-L™', HAHEE T —=
BRI KR B K BRFL AP BESR Y, o e e —
FIEF RN BR B AT E 1 112 23 79N 46.53 min Al
43.49 min, HEMELR, ZHRRFIERF & = SR80,
BRAEMERE —HaBERES T RRE,
tin=1.17h ,  tpp=4.55 h ,  tmx=0.089 h ,
Cinax=638.43 ng-mL~", & B ILAE A oy W S s 7
BRECIR, fPa S,

2213 HETPHSHEETVFER BB KR
BEEEY), BT HEHN fmax M Cmax W RN T 1B
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P 8 (0.96 h vs 2.08 h, 113.44 ugL™' vs
1020.42 pg'L™), fF&—S AR, KR E#
BKVES AP EERY G, W TFHERMW an N
25.69 min, RN B ARERT & T EBIO,
5 i B 5 JE S AE K BRAR N M 258 2 2 4
WEBESY )G, MEMEA: AUCo~17 860 ug-h-L',
Cmax=3 059 ng-mL~", #,=7.4h; WEMEL: AUCy~
17197 pg-h-L™', Cmax=3 904 ng-mL~"', #,=5.3 h,
HH R W] 5 e~ I 245 80 2 R R W] B 0 22 5
AR =) 5 JE -~ I 25 3 PR A AR AE M ) 22 5
N7 5] AR,
2214 ZEEE HEIKEU R LKW SRR
(1235 %y — 2 AR II00L KRR R B Ik 3 AL AR
BRI G , SRJEIRIY 1120=38.73 min, i B B A A
20.98 min, AUC.-=99.33 mg-min-mL~", $2/xH7E
KRR P9 D BRI TR T BRI, HER IR
PEZ BN AR, 56 S g piaed, ks
JRIRZ B R AR 2 Fpes 2577 T BOLAE R B
WINZ 3N % 3 RN, HAh K 1) Cnae
442.498 ug'mL~', AUCo245= 7 194.085 pg'min-mL™";
B AN Con=128.140 pg'mL™' , AUCo41=
1.803.355 pg'min-mL~" s XJ b & 25 2, i kiE gt
J& ML2E A Crnax F1 AUCo-24w 2390 51 HH 3.5 1 4.0 £i%,
R 24 3)) SRR A & R s A AT,
222 fhA R HAL S FAPR RO, B b
AR TR AL, EH — e ERR A R
R H 2530 % FE A Be AE A S LA A B R AIE o o LA
REEIR A FTEAER ST RRGE, HEREE
#5518 29.49 min F1 44.48 min, AUCo.-%) 5N
355.40 mg-min-mL~' Al 319.91 mg-min-mL~", H7E
RAARE R, R, P S A, KRR
BHEBAHAESTEHTR, 1n=05 h, Cun—
231.1 ng'mL™", fmax=3.9 h, AJ %0 H IR BT,
BEBATRRERRE, HA¥SHRERNE
— MR, Hd1,=4.42h, Cnax=35.64 pg-mL-',
fmax=1.0 h, VEHILEAR N BRI, M R
FAET R R A, LSRR K 2532 /)
Wi U, Brib Ab, FEEA VF 2 S gy
e ERUA L Ry 3 TNAE R AR AL AT T
BAR, HAEHARGY PS8R £,
AR SCAS R
3 ZiEE5RE

FEATAE R E A% G A 2 Dr 2 b, RIRZ

2602 -

Chin J Mod Appl Pharm, 2019 October, Vol.36 No.20

R 24 I FE B 2GR, 5 ) TR R A B A
[ S AR lis S e N PN DN T S E P |
MR T —RIMEY, AR, K
BERE SR . R A B B SR S . o — LR
R — € AEYEE, huoR . s S
AR BT — RIAEVER R, dnkk
BIH . MR R R AR AR . 5
JeFH R e H RS . A S S A 9 S A5 AL
I Ry, AR A T e B AR R K
H G224, —J7 A BT 70 r Hou MUK i 7R
AHLEL, 55— A B TR B & kR
FIRNBIETE, 3 I A4 P A i R W 24 3P o 2 i
P8 H AT 2530 =W TS VR A R, AL A
EHVFZ NA R, BAEEE S M AT
AR IR, AETT IS 2504 22 K i A A FE &%
fEMTAL PR A RO S0, HEW TR N 2y B
R, MU K 38 B4 1 A

REFERENCES

[11 WU G H, CHEN Y, ZHENG L H, et al. Chemical constituents
of Eucommia ulmoides in Guizhou province [J]. J Chin Med
Mater(H1 25#1), 2015, 38(5): 980-984.

[2] MA B, ZHANG Y, ZHANG D Y, et al. Advance at chemical
ingredients and pharmacological activity of Duzhong [J].
Gansu J Tradit Chin Med( ¥4 # #1 & %), 2013, 26(12):
153-159.

[3] FENG H, ZHOU H H, OUYANG D S. Chemical constituents
and pharmacology of Eucommia ulmoides Oliv [J]. Chin J Clin
Pharmacol Ther(H [ Ilfi /K 25 # 22 5 ¥R 97 %), 2015, 20(6):
713-720.

[4] XIN X M, FENG L, WANG H, et al. Study advancement
about chemical composition and pharmacological actions of
Eucommiae ulmoides Oliv [J]. Med Recapitul( & %% 25 iR),
2007, 13(19): 1507-1509.

[5]  WRAEE. ALfh BT A e | S T RE AN ST
REFIRZNAD]. M : HREEAR AR, 2017,

[6] FERVE. HATAL S KT ATE TS D]. M 7
K2, 2017.

[77 DEYAMA T. The constituents of Eucommia ulmoides Oliv. 1.
Isolation of (+)-medioresinol di-O-f-D-glucopyranoside [J].
Chem Pharm Bull, 1983, 31(9): 2993-2997.

[8] DEYAMA T, IKAWA T, NISHIBE S. The constituents of
Eucommia ulmoides Oliv. 11. Isolation and structures of three
new lignan glycosides [J]. Chem Pharm Bull, 1985, 33(9):
3651-3657.

[97 DEYAMA T, IKAWA T, KITAGAWA S, et al. The
constituents of Eucommia ulmoides Oliv. V. Isolation of
dihydroxydehydrodiconiferyl alcohol isomers and phenolic
compounds [J]. Chem Pharm Bull, 1987, 35(5): 1785-1789.

[10] TANAKA C, NAKAMURA T, NAKAZAWA'Y, et al. A new
triterpenoid from the leaves of Eucommia ulmoides Oliv [J].
Chem Pharm Bull, 1997, 45(8): 1379-1380.

[11] DEYAMA T, IKAWA T, KITAGAWA S, et al. The

R E BB F 252 2019 4 10 A 58 36 B35 20 ]



[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

(23]

[26]

[27]

(28]

[29]

constituents of Eucommia ulmoides Oliv. III. Isolation and
structure of a new lignan glycoside [J]. Chem Pharm Bull,
1986, 34(2): 523-527.

DEYAMA T, NISHIBE S, NAKAZAWA Y. Constituents and

pharmacological effects of Eucommia and Siberian ginseng [J].

Acta Pharmacol Sin, 2001, 22(12): 1057-1070.

UM . AR A 220 1 B g e L 2 R A2 B FEME L D], JER
L85 BEZY, 2013, 9(5): 82-83.

LUAN Q X. Advance in component and
pharmacologica action of Eucommia ulmoides Oliv [J]. J
Anhui Agric Sci(ZHULLEL%), 2016, 44(9): 153-156.

TAO Z, HANG S. Regulation effects of eucommia iridoids on
sex hormone transformation [J]. Chem Ind Eng Prog(ft. T.it
&), 2016, 35(S2): 319.

CHENG J, BAI Y J, ZHAO Y Y, et al. Studies on the
phenylpropanoids from Eucommia ulmoides [J]. China J Chin
Mater Med(' & #2574 &), 2002, 27(1): 38-40.

WANG J J, QIN X M, GAO X X, et al. Research progress on
chemical compounds, pharmacological action, and quality
status of Eucommia ulmoides [J]. Chin Tradit Herb Drugs(*
T24), 2017, 48(15): 3228-3237.

HATTORI M, CHE Q M, GEWALI M B, et al. Studies on
Du-Zhong leaves-3-constituents of the leaves of Eucommia
ulmoides [J]. Japan J Pharm, 1988(42): 76-80.

BIANCO A, TAVARON C, TROGOLO C. Structure of
eucommiol, a new cyclopentenoid-tetrol from Eucommia
ulmoides [J]. Cheminform, 1975, 30(23): 4117-4121.
ARMANDO D B, CARLO C B, CARLO I E, et al. Structure
elucidation

chemical

of eucommioside (2’’-O-f-D-glucopyranosyl
eucommiol) from Eucommia ulmoides [J]. Phytochemistry,
1982, 21(1): 201-203.

TAKAMURA C, HIRATA T. Studies on the chemical
constituents of green leaves of Eucommia ulmoides Oliv [J]. J
Nat Med, 2007, 61(2): 220-221

NAKAMURA T, NAKAZAWA Y, ONIZUKA S, et al
Antimutagenicity of Tochu tea(an aqueous extract of
Eucommia ulmoides leaves): 1. The clastogen-suppressing
effects of Tochu tea in CHO cells and mice [J]. Mutat Res,
1997, 388(1): 7-20.

YAHARA S, KATO K, NAKAZAWA Y, et al. New iridoid
trimers and tetramers from seeds of Eucommia ulmoides [J].
Chem Pharm Bull, 1990, 38(1): 267-269.

KIM B H, PARK K S, CHANG I M. Elucidation of
anti-inflammatory potencies of Eucommia ulmoides bark and
Plantago asiatica seeds [J]. J Med Food, 2009, 12(4):
764-769.

B, UL, FRHEDT, S AR R R A MR R
K3 i B E, CN2009100365.0[P]. 2010-02-17.

FAN Y B, ZHOU Y, LIU D P, et al. Classified summary of
main components in Eucommia ulmoides [J]. China Pharm('
[ 24j)f), 2014, 17(10): 1756-1760.

LIU H, LIU Z H, ZHANG S. Active composition of
Eucommiae ulmoides Oliv [J]. Acad Period Farm Prod
Process[ <= kN (52T, 2011(8): 12-18.

LI X, LIU T, CHEN S J, et al. Optimization of extraction
process for chlorogenic acid from Eucommia ulmoides leaves
and its hypotensive effect on spontaneously hypertensive rats
[7]. Food Sci(f ¥ A}27), 2013, 34(14): 30-34.

ZHOU Y, LI M, YANG F M, et al. Microvascular endothelial
cell injury induced by chlorogenic acid, caffeic acid, and
ferulic acid [J]. Chin Pharm Bull(*h [E 253 2%5E ), 2016,

rp [ BAR R 265 2019 4 10 A 55 36 B35 20

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

32(10): 1474-1475.

SI C L, DENG X J, WANG D, et al. Study on chemical
compositions of Eucommia Oliv. inner bark and its extractives
[J]. Chem Ind For Prod(#/=ft.5% 5 T)lk), 2008, 28(5): 7-10.
GEWALI M B. Constituents of the Stems of Eucommia
ulmoides Oliv [J]. J Pharma(ZE )27 2% i), 1988(42): 247-248.
DTS, =B, BREHAA, 5. FAh i B S By 2 e FEHL
HI[3]. HEEZY, 2006, 37(1): 150-152.

HE F, WANG Y L, ZHENG L, et al. Identification of
compounds in herb of Eucommia  ulmoides by
UPLC-PDA-ESI-MS [J]. Chin J Exp Tradit Med Form( [& 5
T RIEA &), 2014, 20(3): 59-62.

TR, LA A 53 BIF TE S P RO 24 1) 77 5 B 7T [D]. 7
22 PIbRAE, 2007,

HE X R, WANG J H, LI M X, et al. Eucommia ulmoides
Oliv. : ethnopharmacology, phytochemistry and pharmacology
of an important traditional Chinese medicine [J]. J
Ethnopharmacol, 2014, 151(1): 78-92.

O3, AR, HREEE AL b s R SRS T ).
FREZY, 1998, 29(11): 746-747.

CHENG J, ZHAO Y Y, CUI Y X, et al. Studies on flavonoids
from leave of Eucommia ulmoides Oliv [J]. China J Chin
Mater Med( [E 1 25 7% ), 2000, 25(5): 284-286.

DR, AP AL S R AL [D]. R REERE, 2010.
MING F G, YIN W, SHUO Z, et al. Supercritical fluid
extraction technology of flavonoids in Evcommia ulmoides
Oliv. leaves and components analysis by LC-MS [J]. Food
Sci(fr i Rl2), 2007(12): 128-131.

TANG S H, WANG Z G, MA C M, et al. Simultaneous
determination of ten bioacive constituents in Eucommia
ulmoides leaves and tochu tea products by high performance
liquid chromatography-diode array detector-mass spectrometry
(HPLC-DAD-MS) [J]. J Trad Med, 2008, 25(24): 112-118.
LIUM C, YANG S J, JIN L H, et al. Chemical constituents of
the ethyl acetate extract of Belamcanda Chinensis(L. ) DC
roots and their antitumor activities [J]. Molecules, 2012, 17(5):
6156-6169.

DING Y X, WANG T Y, ZHANG Y W, et al. Triterpenes
constituents from male flowers of Eucommia ulmoides [J].
China J Chin Mater Med(H F #2542 &), 2014, 39(21):
4225-4229.

OKADA N, SHIRATA K, NIWANO M, et al
Immunosuppressive activity of a monoterpene from Eucommia
ulmoides [J]. Phytochemistry, 1994, 37(1): 281-282.

WANG J L, LIU E W, ZHANG Y, et al. Validation of a
HPLC-tandem MS/MS method for pharmacokinetics study of
(+)-pinoresinol-di-f-D-glucopyranoside ~ from  Eucommia
ulmoides Oliv extract in rats’ plasma [J]. J Ethnopharmacol,
2012, 139(2): 337-342.

MA S, LU S H, TIAN J Z. Overview on medicinal ingredients
and pharmacological effects of Eucommia ulmoides Oliv [J].
Food Drug(fX i 524#), 2013, 15(6): 449-451.

WANG Y M, GUO F, XIONG B, Study of
eucommiaulmoides polysaccharide on improvement in
exercise fatigue [J]. Chin J Appl Physiol(H [ 8 AE 322 4
&), 2016, 32(2): 151-153.

MU Y X, YANG F, KANG H L, et al. Relationship between
crystallization behavior and properties of Eucommia ulmoides
gum/natural rubber blends [J]. China Synth Rubber Ind(#& &
iz Tk, 2018, 41(3): 230-234.

CHEN J, XU X Q, KANG X D, et al. Three new phenolic

et al.

Chin J Mod Appl Pharm, 2019 October, Vol.36 No.20

2603 -



[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

(58]

[59]

[60]

[61]

[62]

.2604 -

compounds from Eucommia ulmoides [J]. Chem Nat Compd,
2017, 53(2): 254-256.

CHEN P C, HOU J Y, HU J, et al. Intestinal absorption of four
main components of cortex eucommiae extract in rats [J]. Chin
J Pharm(H R 245 Tk 24 ), 2015, 46(7): 730-735.

HOU J Y, PAN J, XIE Y M, et al. Characteristics of rat’s
intestinal absorption of several components from Eucommia
ulmoides [J]. Chin Pharmacol Bull(t [E 243 2£5E1R), 2015,
31(6): 885-887.

WA, Fa M = 0 25480 1 AR et FE (D).

Frdt: WIEg KA, 2015.

Wk, SRERJRIR A KSR A RISCRR I S5 AR 3 g 48T FE (D).

JoM: TURE AR, 2014,

REN J, DENG S Q, TAO J, et al. Stomach and intestine
absorption kinetics of chlorogenic acid in rats [J]. Chin Pharm
J(PEZG 2R E), 2013, 48(15): 1299-1302.

JIAN G X, XIANG L Q, XIIN Z, et al. UHPLC-ESI-MS/MS
determination and pharmacokinetics of pinoresinol glucoside
and chlorogenic acid in rat plasma after oral administration of
Eucommia  ulmoides  Oliv  extract [J].  Biomed
Chromatography( 7 3¢ 71 & #j K & ), 2017, 31(11):
469-476.

GAO Q Q, WENG Z B, ZHAO G H, et al. Evaluation of salt
processing on pharmacokinetics of geniposidic acid in
Eucommia ulmoides Oliver [J]. J Nanjing Univ Tradit Chin
Med(F 58 22 25 K24 244R), 2015, 31(5): 453-456.

K. P25 BRI K AR AR I R B FE[D]. BERH:
SEFH R AR, 2015.

AN J, HU F D, WANG C H, et al. Pharmacokinetics and tissue
distribution of five active ingredients of Eucommiae cortex in
normal and ovariectomized mice by UHPLC-MS/MS [J].
Xenobiotica, 2016, 46(9): 793-804.

LIU E W, LIN Y P, WANG L, et al. Simultancous
determination di-glucopyranoside  and
pinoresinol glucoside in rat plasma by HPLC-tandem MS/MS
for pharmacokinetic study [J]. Chin Herb Med, 2016, 8(4):
337-343.

of  pinoresinol

AR B B R L A A R S 2R AR T TS (D).

P22 PHALIRAA, 2008.

PR, X, E8E, & SRR R A M AE 12,

YA ARAIHEELCY/PY 128 55 DY Je €l B AR SE IR
WL, PU)IKEE, 2008: 167-181.

e, B, REERK, 55 s AP A RE 4
SEREFE AL -HRMES) )24 [CUIR /S I Al h P R 45 5 rh i AR 27
ARHFS R SCEE. KD, 2008: 420-424.

HUANG Y X, LIU E W, WANG L, et al. LC/MS/MS
determination and pharmacokinetic studies of six compounds
in rat plasma following oral administration of the single and

Chin J Mod Appl Pharm, 2019 October, Vol.36 No.20

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

combined extracts of Eucommia ulmoides and Dipsacus
asperoides [J]. Chin J Nat Med, 2014, 12(6): 469-476.
. BRI B R AT A K 53T A R S 2 B M AT
[D]. Pi%Ze: PhAL KA, 2011,
2T, FCHE, BR, 5. UPLC-MS/MS [8]HIl & K iai
R R A B> BB RE ERD]. W B EE R
74,2016, 27(4): 827-830.
SHE D, SU X C, HE Q M, et al. The influences of gender on
pharmacokinetics of geniposide in rats [J]. Pharmacol Clin
Chin Mater Med("' 2525 2 51I/K), 2015, 31(3): 50-52.
Mo 3. SRR 2530 77 22 B Stk e [0]. R k2l 2010,
32(4): 645-648.
KUMAR G, PALIWAL P, MUKHERJEE S, et al
Pharmacokinetics and brain penetration study of chlorogenic
acid in rats [J]. Xenobiotica, 2019, 49(3): 339-345.
CHENG X G, WANG S J, ZENG J, et al. Absolute
bioavailability and pharmacokinetics of isochlorogenic acid A
in rats [J]. Chin J Exp Tradit Med Form( " [E 5256 J5 7| % 44
%), 2015, 21(16): 79-82.
LIU HJ, YAN C, LI B H. HPLC-MS/MS for determination of
astragalin in rat plasma and its pharmacokinetics [J]. J South
Med Univ(Fg J7 & #} K2 2 4)), 2013, 33(7): 1049-1052,
1056.
WEN J H. Ursolic acid: Pharmacokinetics process in vitro and
in vivo, a mini review [J]. Arch Pharm Chem Life Sci, 2019,
352(3): 1800222.
XU G R, CHEN Z G, JIANG Y C, et al. Advances in
pharmacokinetics and biological activity of quercetin [J]. Chin
Agric Sci Bull(H E & 2@ k), 2016, 32(13): 177-181.
ZHU Y, ZHANG X Y, LUO X, et al. Study on quality
standard for Fufang Fuqing lotion [J]. Chin J Mod Appl
Pharm(H [E BRI 2452%), 2018, 35(7): 1046-1049.
ZHANG Y L, ZHAN J H, TAN Y, et al. Quantitative
determination of three phenolic acids and six flavonoids of
Phragmites communis(cav. ) trin. ex steud from yuanjiang by
HPLC [J]. Chin J Mod Appl Pharm( [E HiAL R FH 25 5%),
2018, 35(9): 1317-1321.
LIU S Y, ZHANG X Q, WANG H Y, et al. Simultaneous
determination of five Major flavonoids in Tetrastigma
hemsleyanum by HPLC [J]. Chin J Mod Appl Pharm( [E #}
R FHZ4527), 2018, 35(12): 1878-1880.
HE X, YANG X, ZHANG J, et al. Simultaneous determination
of five constituents in qiangli Tianma duzhong capsules by
UPLC-Q-TOF/MS [J]. Chin J Mod Appl Pharm( & FLAL R
FZ452%), 2017, 34(8): 1140-1144.

ke H 1: 2019-02-28

(R Coi9: L)

R E BB F 252 2019 4 10 A 58 36 B35 20 ]



