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Abstract: To develop the rich resources of Eucommia ulmoides leaves in China, the optimal conditions of extracting
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polysaccharides from Eucommia ulmoides leaves by ultrasonic and microwave, the physicochemical properties and the
anticoagulant activity in vitro of the extracted polysaccharides were studied. Firstly, the ranges of factors affecting the yield
of polysaccharide, such as ultrasonic power, extraction temperature, microwave power, ratio of solid to liquid, extraction
time, were determined by single factor experiment. The key factors were further screened by Plackett-Burman test, and the
Box-Behnken test was used to optimize the process conditions. Finally, the physicochemical properties, such as molecular
weight and monosaccharide composition, and the anticoagulant indices, such as activated partial prothrombin time (APTT),
prothrombin time (PT), thrombin time (TT) of the refined Eucommia ulmoides leaf polysaccharides, were analyzed. The
results showed that the ratio of solid to liquid, the extraction time and the extraction temperature were the key factors. The
optimal extraction conditions were the ultrasonic power of 130 W, the extraction temperature of 49 °C, the microwave
power of 200 W, the solid-liquid ratio of 1 to 30 (g:mL) and the extraction time of 20 min. Under these conditions, the
actual yield of Eucommia ulmoides leaf polysaccharides was 4.02%+0.03%, close to the theoretical yield of 4.08%. The
weight-average molecular mass (M,,) of the refined polysaccharide was 1653 kDa, and the composition and molar ratio of
monosaccharide were 37.3% fructose, 35% glucose, 14.6% n-acetyl-d-glucosamine, 8.6% galactose and 4.4% arabinose.
The results showed that the polysaccharides of Eucommia ulmoides leaves was fS-type acidic polysaccharide. Compared
with the negative control, the Eucommia ulmoides polysaccharides significantly increased APTT (P<0.01), and significantly
increased PT and TT (P<0.01) at the concentration of 8 mg/mL, indicating that it mainly affected coagulation system
through endogenous pathway, could also affect the coagulation process through exogenous and common pathways. This
study could provide theoretical basis and technical reference for the high-value utilization of Fucommia ulmoides leaves in
China.
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Table 1 Design of the Plackett-Burman experiment
A K

-1 1

PRI 8] (min) 15 25
FRHGEE(C) 45 55
FEFE IR (W) 110 150
PRI (W) 150 250
HHR I (g:mL) 1:25 1:35

1.2.6 MR HREEAIEICT 2 ARYE Plackett-Burm-
an 56, XITFE Y 3 PR 2% A Box-Behnken
W T 2 BRI T, 3 5 AP 2 2.

72 Box-Behnken Wi i 40 51
Table 2 Design of the Box-Behnken experiment

KA
HE
-1 0 1
FEEUE] (min) 15 20 25
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B (g:mL) 1:25 1:30 1:35

1.2.7 BRI 7L Sevage 1" LE M. M
ZWEE WS Sevage I ( =& b 1 1IE T B¥E=4:1,
VIVIR G, KBRUIFEE N, EEEAE 5 IR, WEEBE A
KA

Wife: FH 1% WM RIEI T, 60 C &4 FF
$EIR I 120 r/min ¥%3%% 30 min, 3373,

BT A 4 F & 3500 Da RSB BT 48z8i K
BT 72 h, FIRKZIR

BT KBTS 0 2 HEES R 95% L BEET 2
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FHIC/K 2SR GEDTHE 2 #, YR T
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1.2.8 fEHIZHE TR T RS EERE
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Fig.1 Effect of ultrasonic power on the yield of
polysaccharides from Eucommia ulmoides leaves
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Fig.2 Effect of extraction temperature on the yield of
polysaccharides from Eucommia ulmoides leaves
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=
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Fig.3 Effect of microwave power on the yield of
polysaccharides from Eucommia ulmoides leaves
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Fig.4 Effect of ratio of solid to liquid on the yield of
polysaccharides from Eucommia ulmoides leaves
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Fig.5 Effect of extraction time on the yield of polysaccharides
from Eucommia ulmoides leaves
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Table 3 The design and results of the Plackett-Burman
experiment

RN PEHGE BRI RO BRI SRR

TG [Al(min) BE(C) W)  R(W) (gmL) F(%)

1(25)  —1(45) —-1(110) -1(150) 1(1:35)  2.06+0.1
-1(15) -1 -1 -1 —-1(1:25) 2.65+0.08
1 1(55) -1 -1 -1 2.63+0.06
-1 -1 1(150) -1 1 2.12+0.12
1 1(250) -1 2.22+0.09
2.74+0.07
2.93+0.05
2.76+0.1
2.78+0.06
2.69+0.05
3.06+0.08
2.700.04
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Table 4 Effect evaluation of the factors of Plackett-Burman
experiment

EES BN R REdeMER TH PH BN

W 4.1240 0.042  95.54 0.000
A-BREURTE] 04306 0.2153 0.042 324 00379  *
B-#2HGRE  -0.4274 -0.2137 0.042 —-3.97 0.0406  *
C-HFAIEINZE  0.1237  0.0618 0.042 2.15 0.0812
D-filTh®E 02964 —0.1442  0.042  -3.56 0.1148
E-BHA L 0.1664  0.0832 0.042 1.86 0.0095  **

TE: R*=94.95%, R, =89.23%; *F/R M B3 (P<0.05), ** K RS MAAR 2.
#(P<0.01).

2.3 Box-Behnken M EiRIELE
Box-Behnken iy TS ZE R WL 5.

%% 5 Box-Behnken M v iR E6 5 11 S 45 R

Table 5 Design and results of the Box-Behnken experiment

LS ARMUNE BREGREE  CRRELL 2R (%)
1 -1 -1 0 1.97+0.06
2 1 -1 0 2.74+0.04
3 0 1 1 2.820.05
4 0 0 0 3.99+0.07
5 -1 0 -1 2.5+0.08
6 0 1 -1 2.07+0.06
7 -1 0 1 1.85£0.1
8 0 -1 -1 3.74+0.04
9 1 1 0 2.22+0.05
10 1 0 -1 2.64+0.06
11 0 0 0 3.98+0.06
12 1 0 1 2.17+0.1
13 0 -1 1 1.20+0.06
14 0 0 0 4.05+0.08
15 0 0 0 4.12+0.04
16 0 0 0 3.94+0.08
17 -1 1 0 2.57+0.05

X SIS A AT R RLG, 15 51 i 25 5 i AL A
M Z R R (YY) AR Z o0 W EE 2. Y=
4.02+0.11A+3.750x10°B—0.36C—0.282AB+0.045A
C+0.82BC—0.90A>-0.74B>-0.82C>, 3% 6 X [0 |9 4
Ry 2200745 0 o 45 7R, T ABEAR) o — yR il
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A BAF W3R (P<0.05), —¥KI C F1 K30 A%, B,
C* LU AZH I AB. BC HATH i 52 (P<0.01) o
I &b, 3% [0 U AL B P<0.01, U B 2% A% B Al E5E

R’=0.9944, Ui AHFSA G5 R I, BRI A IEAH G
FEU(R? 5 =0.987 1) U] [ A8 i 2 [A] AR S R4

6 IARIRL 22 T B R
Table 6 Results of variance analysis of response surface
quadratic model

S8 EHA AmE HAMm FHE PE WEMNE

TR 13.75 9 153 136.89 <0.0001  **
ASRIRETT] 0.097 0.097 8.67 0.0216 *
B-#EBGRIE 1.125x107 1.125x10*  0.010  0.9229

C-EHE I 1.06 1.06 94.82 <0.0001  **

1

1

1
AB 0.31 1 0.31 28.09 0.0011  **
AC 8.100x10° 1 8.100x10° 0.73  0.4225
BC 2.71 1 271 24240 <0.0001  **
A 3.44 1 3.44 30840 <0.0001  **
B’ 2.29 1 229 20473 <0.0001  **
c 2.84 1 284 25469 <0.0001  **
B 2% 0.076 7 0.011
PRu 0.058 3 0.019 3.95  0.1088
aliiR 2 0.020 4 4.930x10°
eyl 13.83 16

TE: R=0.9944, R? , =0.9871, *F/R 500 .3 (P<0.05), **F/RE MMk %
(P<0.01),

FRASLA AT A5 L, At At S0 g A 75 TR -0 il
BB AL 2550 R P R 49.06 °C R Lt
1:28.44(g:mL) ., $2HHt[A] 20.41 min, SR
AL Z2 1SRN 4.08%, S T HEBR P EAA
TR, B e T. 2 S80I BUERE 49 °C.
BHELE 1:30(g:mL) | $#2HUN[E] 20 min, & T %3E
AEHY R AT S, AR A S N AT T SR SE Sy, I
H BT  4.02%+0.03%, iZ1H -5 HUNAE + 4342
S =SS VAT i E W S W= e R o N
PR 5 I - il BRI T 25 254

ALY SR FHBOK SR B h i 288, SR E
TSR R EE 1:20, FEEUERE 100 °C, 2T
[i] 120 min, 7E M 254 N Z B 32 BOR A 3.7%.
X BT S5 WIFGE T R A Arp 2 B BCR iy 2, A
BB B 2R A B2V E R, L SERCHRRL
Wb . BRIEAEND RGOS I R R
FL AR 20, BAEPE BT 2 454 0 52 & s i a2
3.7%. pH4.0. M P TIER 100 W F2BUEEE 45 °C.
BHE L 1:20(g :mL) FH2ELAS[H] 15 min, Z2 85153
iE 4.79%+0.02%. BIRAMFFE I ZHHIER 5B D
IR P A2 PEARARR, AELAS SCRIT SR H A 7 ) -
TRIR Sl B ER Iy 72 Rl sl /b T FH B A AS FH K Bl Y T
AR, &35 L HAR

&l 6 S PRI ZR ] 22 BAE N T . A) DA B
HWLEE AL A 220558 v A DXl L A Ky
FHZMMWEHEAEH . 28 BEAEAXT At 220153209
SRR/ NIT)F A : BC>AB>AC,

FE TSR (%)

KL SR (%)

P 2 128 e
m@?ﬁng(min) 24 1.206.*‘;(:@‘%\

FrFpntZHHEE (%)

c-HRIBUIR SRR L 32 H AR i 1oz T 141
P 6 9 PR 2R T 52 E A w7 T 4]

Fig.6 Response surface plots of interaction between two
factors
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Fig.7 DEAE-52 elution curve of Polysaccharides from
Eucommia ulmoides leaves
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S50 26.16%, F il ZHH 0B &k 50% (LAFE
ZPHETT) o ASIF) AR R S AR AR R R WS E AR
ZER, AR 2B 2 rpoi b i Cudsesim i) —Fh >, Fl A
22Nk 2 220, ST i FH AR AR TRV E AR 1 2K,
DRURE At Z2 8 b fr4 LAt SOl b €0 AN L e 268 Wi i el 22
BRI 2 25 AR AT
25 DFENELER

&l 8 Sy, AL A il 2 bl iy 3= 22 e I e B —
HL X FR, U BH 2 b5 ol 5 4w, B 40y 1 i
M,, A 1653 kDa, (1477 J5ite M, A 1431 kDa, I
{E53FJ0iE M, ol 1647 kDa, 53 FHESIE B M /M,
7 1.16, FENG 250 A A =5 Bz #REE B AL h 22 4%
SPIA ST A 1146 kDa, ZHU 25250 MOk iy Ei42
B FEAp Z 8554375 1000~2000 kDa, 452
VLA AL it 5 pz v 20 4 5y F AT . RS AR
SRR D A B B R B AL i 22, i
{4y 180 kDa, HAB /)N, J& 5 i B v i i FH&F
AL WA G
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Fig.8 Chromatogram of molecular weight of refined
polysaccharides from Eucommia ulmoides leaves

2.6 BPEARNELER

&l 9 o, Al AftoRs il 2008 v & A AU . w26
. N-Z k-D & 3L 2 0% . =20 . BT hi A0 45
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Fig.9 Chromatogram of monosaccharide composition of
polysaccharides from Eucommia ulmoides leaves

1 Eﬁﬁ%, 2: EM%%*?L*%, 3: ﬁé*fg, 4. Bﬂ*ﬁ{ﬁ*ﬁ.ﬁ, 5:
LRSI AN 6: 2L FUME: 7: RAIHE: 8: N-ZBE-D US4
W5 9: AME; 10: H B WH; 11: 590 12: &0 13: L FLBEEE R ;
14; 7 DHEIERR; 15: HAIWERERR; 16: H 2R .

1.0

02r

0.0 1 1 1 1
200 250 300 350 400

P (nm)
B 10 AbAdnbRs i 2 5o e

Fig.10 UV spectrum of refined polysaccharides from
Eucommia ulmoides leaves
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T ZESEITEAERS, 1075 em™! 40 A itk s b A BEER
P PRshP, AR, 7 760 em™ Ab 4 W oG 2 7 b
FASTIY BRI T 815 em ! Ak 1% R AL I 3R s iy B
iy p AN 2 SR, ARWFSEAS B B0 AL A i Z2pE
BRI ZE
2.8 IMURIMIEMLER
2.8.1 ARAPrPREHIZBEX) APTT (ys2m) A2 —
PR IR AL 22, TEIm PR H W FHAE S TEE ) AN i A
30, AEA PR A IR L AR IS A RIVE ], HOFER
AT B LH L, AN UA R 7 it XU
e, MRER bt e R R E . HATg
2R I ZMAEY) ZHE R A PUEE LTS, AR H =
BEEOL, Fpl 22U, LIRS S5 BARA P2
BEC IR S BAT PR RRMUPED | brshizat”
SN, AE A CEE NG PRI R AT E A .

2% 7 Wor, SEIEXT AR L, ZEAL A 2 RE
2 mg/mL I}, APTT RIEER, U HLBERCR; HE=
WA BERG R, APTT ZE4 (P<0.01) ; >4 2Bl B2 ik 5]
8 mg/mL s}, APTT ##Hid 120 s(P<0.01), [§dzzEl
WFFE M T Z BEPUEE LG PRI A2 B, 24 ZWE R N
4 mg/mL B, X7 APTT FYIELF 36.6 s, M AT AL
i i 2 HEHR BE S 4 mg/mL B, APTT (19 %€ Bt
[8]2h 73.05 s, FIAAL AR HORS H ZHEXT APTT A W35
SN, SEEG AR A R E R 2 5 N YRR
MR AGE BT MAFE

FT AR Z X APTT B520
Table 7 Effect of refined polysaccharides from Eucommia
ulmoides leaves on APTT

FEfh e (mg/mL) APTT(s)
RIS 2 2 80.90+0.99*"
RGNS Z i 4 73.05+0.49"
RGNS 2 i 8 >120™

HFRER K 28.80+5.94
PR 2 pg/mL 41.001.13"

T 4Fn IR AR L, 55125 5 835K - (P<0.05); 365 5 RS
A LL, S5 22 S0 B35 KT (P<0.01); 68~

2.8.2 AbAhotRSHIZHERT PT B2 25 8 BoR, 5
BHPEXT FEAH b, M 2P )EAE 2~8 mg/mL JuFEI AN, Af
bt PT A5 — 5 RERAEF, A FE Atk
WA LA 2 5 AMNE PR SR LA B P EE I AE T o
kL i 2B B S 8 mg/mL B, X PT B4 520 125
R B 2K (P<0.01), 2EKF] 42.30 s,

# 8 ALK ZHEXT PT 85200
Table 8 Effect of refined polysaccharides from Eucommia
ulmoides leaves on PT

FE& e ¥ (mg/mL) PT(s)
FAfn 2% 2 10.67+1.27
GRUIIEZ 4 10.07+1.50
GRUIEZ 8 42.30+8.56"

HEHRERK 8.80+0.10
R 2 pg/mL 18.77+0.06"

2.8.3 FhAhrPAREHIZHEXT TT fsgm o Won, 5
BT REAH LY, 24 AE 2205 h 2 mg/mL B, ZECHT
A4 14.4 s, 4L phn; 2P R 8 mg/mL B}, SEK:
BHEEELE T 120 s, HAZmIA RH 37K F-(P<0.01),
PEBAAE AR 2200 TT A7 W35 52 E A, VE TRk
i Z2 AT DA Ak 2 5 2 W] a8 A8 I B i B 1 ok
o AR BRI A EAE T PR N 2 mg/mL
A, ZER AT g 12.63 s, BeBAFEfh- 228Xt TT 44
JHISE N LU AR T2 . AR SR IRt 2 1
FABEZH B TR SURE . IR . N-QE-D 24 5Ll 44
WL LB L BRI . AT PO HGE, DU
B ZEWHA WA R ) B . UV AAE, 1T Mar-
tinichen-Herrero 5 #308, B 2EFUH-H 85 B Mgk
¥ 4 A ZE AT PER ML ATPTMAR TG P . PRt 24
TN Z2 W% B TEE I 75 P T B S 2 LB L AT
TEA K,

RO ALAPRPRERIZHE TT KRN
Table 9 Effect of refined polysaccharides from Eucommia
ulmoides leaves on TT

b ¥ (mg/mL) TT(s)
A2 2 14.40+1.04"
FEAft 20 4 11.50+1.55
FEAft 20 8 >120"

A BEIK 9.33+0.21
0 2 pg/mL 20.27+1.59™
3 g

AT S R FH 8 75 IR - TR i B v 8 BURE At 22
W, 25 PR 2 5086 1 BBD X5, 15 B SAnER IR T
SR AT TIAR 130 W BT 200 W HEHR
TR 49.06 °C. BIME L 1:28.44(g:mL) . $2&BUHF ]
20.41 min, 193 4.08% . TEULAMET SChR 2 HHIS %
7 4.02%+0.03%, % DEAE-52 81 2Mraifbis, ks
T Z PR FRE (M )N 1653 kDa, HpELH AL
e EIR LA M 37.3% . HZ5HE 35% . N-Z1E-D &4
FEAR P 14.6%. F-FLBE 8.6%. FUHAEIEE 4.4%, IF
e 5ol g AN MR 220 . 5 BT EAA L, AL At
ZHERE 3 IE K APTT(P<0.01), Xt PT, TT H—
REMIERAE, H Y2 8 mg/mL B, X PT.
TT A % B3 520 (P<0.01) , 156 B FH AT LI = P9 5
P AMNEE . R R M L R, PR LAY
PP 32, AFITES IR R, 514 50KRRER
FA—[PAE R | TR AR L, AR IR -THO i B R G
RE R ARt 22, STl AH b, A8 I -1 il
BIEBOEA T TRERAE T iAs, IF B R BTt 26k
ELA RS MU BE TG T . APPSR E T8 1
AEAR SIS & B —E MBS AR S MNE

S Ak
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