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Abstract: To promote the high-value utilization of Huangshui, a byproduct of Baijiu brewing, Huangshui was used as the
raw material, and the yield of crude Huangshui polysaccharide (cHSP) was used as the evaluation index. The isolation
process of cHSP was optimized using single-factor experiments combined with response surface methods. Subsequently,
enzymatic deproteinization was employed to prepare Huangshui polysaccharide (HSP), followed by in vitro evaluation of

antioxidant and hypoglycemic activities. Furthermore, the inhibition mechanism of HSP on a-amylase was analyzed using
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enzyme kinetics. The results showed that the optimal ethanol precipitation conditions for cHSP were as follows:

temperature of 5.8 °C, time of 14.3 h, and ethanol volume ratio of 1:5. Under these conditions, the cHSP was 7.36+
0.03 mg/mL. Activity studies in vitro indicated that HSP exhibited strong scavenging capacity against ABTS", DPPH, and
hydroxyl radicals, with IC, values of 3.38, 1.53, and 3.36 mg/mL, respectively. Meanwhile, the IC;, values of HSP against

a-glucosidase, pancreatic amylase, and a-amylase were 3.75, 2.40, and 2.08 mg/mL, respectively, indicating a potential

hypoglycemic effect. Enzyme kinetic analysis showed that the inhibitory effect of HSP on a-amylase was mixed. The

inhibition constant (K;) was 4.21 mg/mL, which was lower than the inhibition constant for the enzyme-substrate complex

(K;s=8.62 mg/mL). This results suggest that HSP has a stronger affinity for free a-amylase. The findings indicate that

Huangshui polysaccharide have certain antioxidant activity and excellent a-amylase inhibitory capacity, highlighting their

potential applications in the development of natural antioxidants and functional foods for hypoglycemia.
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10, 13,16, 19 h) . ZEEMARF L (1:2, 1:3, 1:4,
1:5. 1:6) TR ZE S

1.2.4 maaEEAGIEE: AR SDEG IR 1, F
JH Design-Expert 8.0.6 X} Box-Behnken #5715
TR E KOS, RIZE KL 1.

F 1 RN AR R 5 KF

Table 1 Factors and levels of response surface
experimental design
FEES
K — ——— —
ABEPUREE(C)  BEESUNE(h)  CZEMARRLIL(v/v)
-1 3 10 1:4
0 6 13 1:5
1 9 16 1:6

1.2.5 cHSP MlEHil S 45343 br =55 dt (5 45 1)
Trk, IR FRECGRAEDLAL S 32 HUY cHSP
100 mg, ¥ T 10 mL ZEEF/KH, LA 0.1 mL 600 U/
mL AR B Y, 55 C BEf#E 3 h ), Bk
10 min K EgAL R, ¥ #1 J5 6000 r/min 25.0> 15 min,
AR I AR 735028 8000~14000 Da 11355
Prasrp, B F/KiBNT 48 h, B:fE 6 h HHf—k &=
BFK. BITES )G, BT IS NI R TEZR e 4r 2
10 mL, INJE/K 2 50 mL 21, 4 °C #+# 14.0 h )5,
6000 r/min #.[> 20 min LAREEDTIEY), FH 80%(v/v)
CIEBREUTTEY) 3 IR, HARYER KR W, I/ i
R FKEEME, B UR T A5 /K Z 0% HSP,

HSP 1 SObs & 5 19 2 =25 Chen 55 Jy ik,
DL 2 Bl R bR o i ST AR HE R 7 R y=12.761x—
0.0122(R*=0.998); £ 1 TT & 1= 19 28 =25 FE i 45
Trids, AR I35 FVER I b o o i S A v il 2R 7 R
y=5.3543x—0.0125(R?*=0.992) ; FERE IR & 1 I E =
2% Zhao 57 Jrids, LI ZUNHIESIR AR S @ b
£k 712 y=10.633x—0.0083 (R?>=0.993); £y & iy
M 7227 Molole 557 Jrik, DIV E TR AR ME S
STIARERNZE TR y=0.01255x+5.54881(R?>=0.998) .
1.2.6 HSP MARSMITEALTE 5 HT
1.2.6.1 ABTS'H HILERAESIME B HSP B
(HeESY B0 0.5, 1.0, 2.5, 5.0, 10.0. 20.0 mg/mL)
7 uL 5 ABTS TAE# 280 pL HAJ1RA, T4 T ke
YGIZN 6 min, FHEFFR X E 734 nm ZEWOGAE . LA
Ve NEAPEXTRR . #A=0(2) 1158 ABTS H H B
A, —A,

2o Ay R LB TIKE ABTS TAEMRAL
SCRE(H; A, FoREER S ABTS TAEMRLH IO G

ABTS' A H B (%) = x100 X (2)

SEP W R I REAE SRR . B HSP i3 (U 5351
0.5, 1.0, 1.5, 2.0, 2.5, 3.0. 3.5 mg/mL) 100 pL 5
0.2 mol/L fYJ) DPPH & 100 uL 2R &, TR
N#EEYG RN 30 min, FHEFFR{INZE 517 nm AT G
{H. P Ve MBHPESTRR, $2A70(3)114E DPPH H

DPPH [ th 355 24(%) = (1 . %) X100

X (3

o A, BB RS DPPH IR & /5T
A SE R A, RFESIBE RS IR OFERE G
JTI e SRR Ay Fon 22 BSF /K5 DPPH B RIR
A5 T B G R
1.2.6.3 ¥4 [ ALV BRAE ST a2 UL HSP ¥ WK
(MBS 0.5, 1.0, 2.5, 5.0, 10.0, 20.0 mg/mL)
2 mL, &5 9 mmol/L 1) FeSO, ¥ 2 mL . 8.8 mmol/
L i3 &b S 2 mL. 9 mmol/L 1Y /K 4% R I IR
2 mL ARG, 37 °C )W 30 min, M 510 nm &b
WA . DL Ve MHMXT IR, #0455 a
FH SRR

—A,

0

FASE [ B LT IR 2 (%) = (1 _A )x 100

X @D

Ao A, FoREEN A . FeSO, B . i FALE
VTR S KA PR R A5 T B RO RE A A, R
FE TR L S LSRN S E R Ay
TN R BT KA VA RITIN A ' A
1.2.7 HSP BRI MM IEE ST
1.2.7.1 o785 % WEIT BE PN I 3G PEM 2 S H A2
AP 1y Ty ik IR AR AR R . A pH6.8. 0.1 mol/L
M PBS 2% v & 43 3 e i A [5] ¥ B2 i) HSP % WK .
1 U/mL 1Y o~ %50 B W M 8 mmol/L /) PNPG
VS . BUHSP W (M 4359028 1.0, 2.0, 5.0, 10.0.
20.0 mg/mL) 50 uL 5 -2 P51 B U 70 ul i1
114,37 °C ¥FE 10 min, FEIMA PNPG F# 50 ulL
P IRAS, 37 °C KW 30 min, 55 iA 1 mol/L 14
Na,CO; R 50 pL Zeakfz iy, FHEFFR G ZE 405 nm
REUSEAE o LABRT RN R BHPEXT B . - B 25 1 it
M ZRFE AT (5T,

oA EERR 00 = (1- 2252 x 100

X (5)

P A R FIRRE S ZH T p W G REME; A,

TR RIS o7 25 HH T I T I0 1  SG BE A A

NG MR IR T I A RO B A FRARGE v
W3 TR SR o A7 2 B il A W2 S\ B (B
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BRI RIVEIE S . B HSP W (MR 43518 0.5,
1.0, 2.5, 5.0, 10.0 mg/mL) 100 pL 5 2 U/mL ¥y o-
TEMS B ML 100 uL. pH 6.8 [ PBS ZZ ik 100 uL
RAAII4), 37 CEE 10 min, FHIA 10 mg/mL [
TERT 200 pL FFPRZIRS], 37 °C S 15 min, fi¢
JE A DNS 57 500 pL I3k /K ¥ 15 min, B H =
FR)E, ME 540 nm ABSGAE . RABT-R 0 A BH M
XFRR . FAT(6) TR a-TEM BRI

L=

a-iﬁ*ﬁ%%ﬂ%(%ﬁ(l— 2)><100 £ (6)

A —A,
A A R IR AT I A R ' R A
A, FORE MRS o-TERY I ITINWOCEE; A, 2
TN ER PR L T I B ROY G BE A Ay 2R 0PI
Sy REEAE SR AN o= BEAS TN P8 G
1.2.7.3 JEFEREEIIHITE MR HSP X R GE AR b
R ZR A E 208 1.2.7.2 P47, IRTEREH O o-TE
KritE, FrAIBTER G 4 U/mL .
1.2.8 HSP X} a-TER B0 (14 vl 3860 dr - =R
1.2.7.2 777k, BEENCY v PEVERTHE N 15.0 mg/
mL. o-JEKEF A 2.0 U/mL. 7E 1000 pL 214k £
L, S35 100 pL AS [R5 1) HSP % (0. 2.5,
5.0. 10.0 mg/mL) , 7E A~ [A] Jin B 3 (25, 50. 75,
100 L) &4 R, M5 540 nm AW SEAEL, 160 As
PLGE ph AR a-VERY BEA IO BEAE, i A,
Fe AN (DB ARE HSP WE | ANEnEES &1 T
PR SN 23R, A 2 Iy 3 238 55 ik 11 56 2= 2R ]
7 % (AA/min) = % ® (7
s Ay A, o IR TS T 4 R
T Fon W B E], min
1.2.9 HSP X} o-JEM BN HIZE R ST K 8 1255
B4 2 B8 Dhital 8552 (7%, PR S, B
a-VERSEEINEEE A 100 pL, B 100 uL A[EHE HSP
(0. 2.5, 5.0, 10.0. 20.0 mg/mL)VENFRHIF, $#
FELER() e A [FITERT R (1.0, 2.0, 5.0, 10.0 mg/
mL) Z5F N AOBEIE SN 3% . LU BE B4 (1/
[S1) Mk AR, LIS 3R R (1/V ) I DNAE R, 23
#] Lineweaver-Burk XUFIE i 1& ., LA Lineweaver-
Burk XUEIEL £k B Hh 45 i 28 A Rk A A Fh R 53 591)
X HSP ¥ A T — AR, RN L (9 70t
SN B K S Bl- IR A R A Kg o

A% — & Ka i

7RAI'$ - Vmax " Vmax K[ [I] ﬁ (8)

Vi =+ . L A (9)
TV Vo Ks ’

K Vo BN IR B3R, AA/min; K, %
AN K BCH B, mg/mL; [1] 2275 #0175 ¥ B, mg/mL;
K, FRINHIH %L, mg/mL; K g FRORNEE- IS4G
il 5 EL, mg/mL.

1.3 #iEAIE

A LR EE 3 K, i OriginPro 2021 %X
HAEE, 2R Design-Expert 8.0.6 ZA4-HEA 70 7 i i
B it A ST, SR A SPSS Statistics 27 FA4HATANA]
K FRZH 6] 4 42 E ST, P<0.05 255 48 K.
2 FERESH
2.1 BERIWER

i & 1CA) BT 1, cHSP 75 3 [ s 10 I8 38 79 T
RS BT A R RERAR A 6 °C Wik, i 7.34+
0.1 mg/mL, BFET 3 °C 1 9 °C 4bFHZH (P<0.05)
W B 25 BT IR 2 — 28 TH 8, cHSP 15 53834 i [
I, X ATHESE T i@ 1T cHSP ZEfE-/Kik = vh
BT fEE, T s, Rl SE 6 °C R
S TIMEN: O LAY TR =950
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LEHARIL (viv)

1 BEUREE(A) | BEUURTE (B) Fl L AT (C)
Xf cHSP 134 (12
Fig.1 Effects of precipitation temperature (A), precipitation
time (B) and ethanol volume ratio (C) on the yield of cHSP

T A7 EE (a~e) 7R [F]— P T R B8 A A BERA 0] BAT
FHME2 5 (P<0.05).

1 & 1(B) AT %0, cHSP 15 3 Bl 3 B [7] 114 2
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2026 4F 3 A

BB T, TE 7~13 h G, cHSP 153K s
DU ) SER AL I, 13 h S5 ARt T P22, 5
16 h Zb3HLHAH L IJC i 3525 55 (P>0.05), Ui LA 20
DLVE T IASTE Bl Ak InBEieas (] 7] e S 8 bl
SGIBUE | EE T U ER e e SN A S VD > O pie -2 14
WEAl R R, PEE 13 h S B AV BT ]

FH & 1(C) A%, cHSP 18 3R [ 5 2, BEAR L 1L
G IR 2 Se S JE FEA S, 7E 105 B i, ik
7.34+0.14 mg/mL, W& & T 1:6 ZbPIZH (P<0.05) .
IZEE IS R MG AR HEGE (A AT SR R 2 B BT
P A EEE TR B (80%vol ) FEA—FK, XAk
TR SRR LRI, TR T A a5
[, ZEMHIA AR FRAIR, A R DTUENT s (R i 1Y) LB
AR F 2518 R R BVAER, S R B BRAIR, S
R ES TR R
2.2 MEEIRELER
2.2.1 IS4 1iF Box-Behnken BIRIXT
BT (A) | BEUIA A (B) . B (OO #E T =
2R = KPR BT T, G556 2 Fis.

2 AN R BT 545 R

Table 2 Design and results of response surface experiments

S ABSUUEE  BEEDIRTE]  CZEYABUL  cHSPHHE
R () (h) (viv) (mg/mL)
1 3.00 10.00 1:5 6.42
2 9.00 10.00 1:5 6.26
3 3.00 16.00 1:5 7.03
4 9.00 16.00 1:5 6.93
5 3.00 13.00 1:4 6.84
6 9.00 13.00 1:4 6.79
7 3.00 13.00 1:6 6.98
8 9.00 13.00 1:6 6.83
9 6.00 10.00 1:4 6.52
10 6.00 16.00 1:4 7.12
11 6.00 10.00 1:6 6.52
12 6.00 16.00 1:6 7.18
13 6.00 13.00 1:5 7.33
14 6.00 13.00 1:5 7.42
15 6.00 13.00 1:5 7.38
16 6.00 13.00 1:5 7.31
17 6.00 13.00 1:5 7.35

K JH Design-Expert 8.0.6 ZA4-XF3 2 1w v 18]
Reg g Rt fr oo kW IFRIE, 145 5]
cHSP 1532 5Esiiit B (A) | BFEDIRT A (B) . LEHATH
Lb (C) 14 &k [l 13 5 FR AL Y 2 Y=7.36—-0.057A+
0.32B+0.030C+0.015AB—0.025AC+0.015BC—0.34A%—
0.36B>-0.16C?,

XFER 2 v ER AT O 225307, S5 R ANk 3 BT
INo AR FAE N 166.87, P<0.0001, <RI
T S FAE R 0.41, P{EH 0.7551>0.05, J< 4
A2, SR PTEEST A [ TSR 5 R A P &R
L R*=0.9954, £ IEFEL R, 7=0.9894, ULHTIZAS ALY

FE S RIS 3 75, A5 98.94% BN N A AE Ak n] FH T
cHSP 15 R[4 A0, BRI — I A B & IR
i A%, B>, C? X} cHSP 75 & 52 i i I 2 (P<0.01),
AB. AC. BC Z[a] 232 BAEFAXT cHSP 15352 AN
35 (P>0.05), H F{EPHL, 45K FHXT cHSP 191
sENA R SRy B (EEUTER]) >A (BT HR RS ) >C (2 B
) o

®3 AR 250 Hr

Table 3 Analysis of variance for regression models

FERIE  CFHEM ARE ¥ FHE Pl WEE
HY 2.1 9 023  166.87 <0.0001 ok
A 0.026 1 0.026 1893  0.0034 o
B 0.81 1 0.81  577.21  <0.0001 o
C 0.0072 1 0.0072 515  0.0575
AB 0.0009 1 0.0009  0.64  0.4486
AC 0.0025 1 0.0025 179 02228
BC 0.0009 1 0.0009  0.64  0.4486
A’ 0.48 1 0.48 34124 <0.0001 o
B’ 0.55 1 0.55  393.83 <0.0001 o
c 0.11 1 0.11 78.6  <0.0001 o
B2 0.00983 7 0.0014
AT 0.0023 3 0.0008 041  0.7551
4Rz 0.0075 4 0.0019
B 2.11 16
R 0.9954

Rrg 0.9894

TE: #P<0.05, FR 225 35 **P<0.01, Fom 222 3%

2.2.2 I UELE  F| FH Design-Expert 8.0.6 i il
cHSP BYFAEST £ 12020 BEUUIREE 5.76 °C, BEUTHT
[A] 14.32 h, ZEAAFRIL 1:5.12, %54 TF cHSP 5%
WUMME A 7.43 mg/mL, 25 JE3RAE 04 T8 A S BRIV,
FH, 53 B SRR 3 Ry BEUTHREE 5.8 °C, FEULHT [A]
14.3 h, AR 1:5, FEHL AR R E A 3 IRSLH,
cHSP SZFRr183, 7.36+0.03 mg/mL, 5 WM& 425 UT,
A S 75 T SCRk [38] A MU #E B cHSP B 753
(4.1 mg/mL) .
2.3 HSP BYLHRLAL S

252, HSP H A & A 87.14%+1.06%, &
F B 2 5 A 6.38%+0.58%, M iR &5 i 4.03%=+
0.73%, FH AR F F V8 25 K8 r o op I 1R 7 1 (5.12%+
0.34% )%, 3X 7] g 5 HAE H R B R K I R A b
5 | S R T iR S 2 Wt (T i IR 5% IBAh,
HSP Fi5 A 3.63%+0.21% HIZL Y, X T G5 £ W)
FNZE AL 7 e el I 9 3 =22 18] 4 431 [a) AH E A
FH5 | & B3 ige A e,
2.4 HSP MIMRENIEME ST

rh L 2CA) BTN, 7F 52 560 ik 5w Bl P9, HSP %
ABTS" [ i 2L 1) 35 B B 77 Bl W& B2 T i T 4 54, 1Cs,
18~ 3.38 mg/mL. FEG k) iAF] 20 mg/mL B,
HSP 4b3HZH ) ABTS™ H FH 287 B 23 I Z R T AH A
HeEERY Ve 4bFHZH (P<0.05), 0] HSP HLA — &M
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1 ARVING T (a~e ) F27R Al — ) BTN [R] R B 1) b 38120 ] 2
A RFENEZE S (P<0.05), ARIRS T8 (A~B) R[] —
AT S iy Ak B ZH ) FLA 8 1 22 5 (P<0.05); 141 3 [

FHE 2(B) AT H0, EHBETE Fl 2R 0.5~3.5 mg/mL
B, HSP X7 DPPH [ Hi 3 14 ¥ 555 238 Bl ve 38 I v 1
WG, 1Cs, M 1.53 mg/mL. 4 HSP Jii F ik & K
3.5 mg/mL B, X DPPH H HH 3 09 75 & 2 ik
92.76%+4.11%, F AW B V. 20 AH bk JC W 2 22 =
(P>0.05), L5 T 3CHik [38] IRIE Y 4.1 mg/mL FIK
A Z #H19 DPPH [ Hh 5t W B 32 (18.1%) , Ui BH
HSP B AT DPPH A K& BRIGTE

FHIE 2(C) AT, HSP X¥R3E [ R AT R AE
IR S B0 HS T BE AR H M, 1C 5 fE R 3.36 mg/mL. 7E
0.5~5 mg/mL ¥ E N, HSP fY¥23E [ B 3L 75 R
SRIH AP, H 2R EE I 5 mg/mL s, HEaLg,
HEMI AT S HSP 43 FRAETE ungas a7 BH A 51,
TEHE N 20 mg/mL B5F, HSP BO¥RHE [ i 3EvE e

71.9%+3.56%, X T Xu 55 fiZiE /) 3 mg/mL cHSP
AOFRIE R SL TR R (2T 80%), H B & IK TRk
FER Ve AFEZH (P<0.05), B HSP H&—E ¥
L A th ILTEBRAE T, (RIS .

TEH A A W PR L R P, EK S TR AR [ S
KPR BER A, DRI 35 8 2Bl 7E S U
Fe gttty B HAT —E AR . BREAEDY WS R,
Y EAE S Y N 2 mg/mL A, X DPPH. ABTS"
e ¥ 55 H O B 09 9 BR324 501 2 29.16%+0.01% .
19.99%+0.01% Fl 31.63%+0.01%, 1% 4% 5 5 A< FHF 5%
T K 2 BEAEAE RV B R P A LA AR — 3K
ZREIP TR EREAN B F A MR, 1 5T
LG I AEIEER YA G . Bilas 25550 s B fe v
FEHL A B RAAARSRBE R I 3 = 1 ABTS A DPPH
FI B RS BRER J1, s3I BT AbEE ) S B A SRbE
P A G RA K. MR LA 3 2
FERIPY R, A [ 2 R I AR v, v 3 e P A BT A A
TP AT i IR A K, R K ZHE P
W, ST R B a5 S T RESLL A BRI T AR TR
[

2.5 HSP BYAINEMBEE M 24

FH I 3(A) AT A, AESLI0H EEYE Al (1~20 mg/mL)
PN, HSP BT LR BE S o= 20 W I 1105 P 52 1 E
ASE . 4 HSP WeBEESH 5 mg/mL B, X o- 484041
Bt 3 1 38 A 48.29%+3.12%, 24 G 2= 20 mg/
mL B, IR F] 70.98%+0.83%., Zei144, HSP %
- EPHET Y 1Cs, (H°A 3.75 mg/mL, FRIHH A
—RE Y a- AT B AR

FH & 3(B) AT 1, 7E S 56 ¥ B 75 61 (0.5~10 mg/
mL) N, HSP X - GE R Ff 14 4100 1l S0 S 2 i B AR 1k,
IC5, fH 2 2.08 mg/mL. >4 HSP ¥ ¥4 10 mg/mL
B, X a-DEARS BRI RR 88.5%+1.17%, 5[
FE BT RIRBEAN RN AH H TG B 35 22 57 (P>0.05), FRAFH:
HABGRM o-VERBEHIFITE M

FH & 3(C)R] I, HSP X i Ay miEne 1 3 il
T a-FERIBEAHLL, 1Cs, {E 2.40 mg/mL. >4 HSP
W S 10 mg/mL B, JHXF B UE 93 il fg 0 o] 3R Gk
88.67%+3.14%, 5 [FI ¥k BE B < BB AL PR ZH AH L TC i
F 2250 (P>0.05), Do B HH A B 5m 1) JHRUE A3 B 171
W

5 e IMAH IR 2 UM PRI R i R EEZ
—, A o-VE R . o 1R 2R S A T A e IR A A
WEAEIATE T R, TR = MBI, A
T FELE 0 S 7, HSP X o3 285 M 19 | I T A0 T AR
a-VERS AT MHIVE R, X — ISt Re SEOK b E &
VAT RGP BR A M RE (R K TSR S-SR G, WF5E
e, WERRIR B-A SRR ELAA VR B A A S i T
M 1, ZRFRIF AN WF o 2 W, DR TPY P B 4 it
EREU AR IEPEE L B SRVERT o-TE A1 . o144
W B ELAT JRI/E e BT )3 S 5.0 mg/mL B,
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Fig.3 Inhibitory activity of HSP on a-glucosidase (A),
a-amylase (B), and pancreatic amylase (C)
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Fig.4 Effect of varying concentrations of HSP on the reaction
rate of a-amylase

Mgy FIREAR . LR AH, HSP X a-3E 403 il O A i 1
JH = AT il
2.7 HSP 3 a-SE BBV MNEI LB DR NFER
e

LR BE 15 (1/[SD) A Ak bR, i AIE 52 g
R EIEC(1/V) AL FR, 28 #) AN [R) 5T 5 v B
HSP £ F % Lineweaver-Burk XURIEC £k, 455-4n

A 50
¢ 0 mg/mL
v 2.5 mg/mL 40 -
4 5 mg/mL
e 10 mg/mL
= 20 mg/mL

1/V(min/AA)
) w
S S

—
(=]
T

-1.0-0.8-0.6-04-0.2 0 0.2 04 0.6 0.8 1.0

1/[S](mL/mg)
®B) s0r
y=1.88x+7.92
40 b R=0.9814
w30
N
20 1
10
0 . . . .
5 10 15 20
HSP¥& % (mg/mL)
© 6 y=0.21x+1.81
R*=0.9600
5 -
= 4t
&=
g3
=
2 -
1 -

5 10 15 20
HSP#¢E (mg/mL)
K5 HSP X} o-TER BRG] )27
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B 5(A) BTz, AR PG 2 ity [m] U= M AR G4
WA 4.

F 4 HSP X a-TERMAINHIZ: 1225

Table 4 Inhibitory kinetic parameters of HSP on a-amylase

HSP# i \%
(mg/mL) Sl 3 Kn(mg/mL.) ( AAI/:;Xin)
0 y=6.65x+1.55 0.9879 4.29 0.65
2.5 y=11.91x+2.23 0.9999 5.34 0.45
5 y=17.96x+3.07 0.9962 5.85 0.33
10 y=29.53x+4.37 0.9982 6.76 0.23
20 y=44.06x+5.85 0.9946 7.53 0.17

i 5(A) IR, A ZAAsE 755 501, H
B 5 HSP JoT e W B8 9 39 i, Lk i il 2% 4 Rt R
(Ko V ) W I, DR (1/V O LA T
FH R 4 W0, BEE HSP TR BE i3 R, K IR %L
K, 1EH 4.29 mg/mL ¥ % 7.53 mg/mL, f K i
FEV  EH 0.65 AA/min B2 0.17 AA/min, FBH
HAMHN BN 1 9 A G se et S AEsE iR & 2
. IZGE UL HSP BERE S U RS 1Y a-TE K i Sh
B, I 5 R A i U P RO BELAS - IS R
PIIIE A, BRI SN R 5 RE S-S E &)
454, TE - iR -3 il 500 254, ATl e 2
W BERE . WFFERI, FRRZHECY | Bk A ik e
A BT ZE AT B A S X - Bt A R A FH 2
JE& TRt SRS PRI G R, SAMFSTSS
—&

FIHER 4 v, LAASE HSP JHm i Rl
B I RER NG S350 % HSP ¥eBEVE T —IK
YERE, g5 e 5(B) . & 5(O) . HRIE=R”) . X
O 5 HAEAS T E 2K )2 4.21 mg/mL, E§-JiS
WA B (K g) S 8.62 mg/mL., K<K;g &
B HSP Xl B a-TE A3 il %) 22 F1 T 5 T X0 - e ) 52
GRS REHIR A BRI L
3 45

A 538 ok LR 3R S B 4% 5 i TEE DL AR T
cHSP MWEEDL T 22, I R GEVEHMT HSP RS ML AL
WS R BT RE . 45K W], HSP HAA —xEm A
HH L7568 S, X ABTS'. DPPH Fl¥E3E 5 3L
ICs, fE 494 3.38. 1.53 Fll 3.36 mg/mL; 7EIARSN
WG P4 7 T, HSP X o= 26 W7 B L R T A0 Tl A
a-VE A T 2R I 0 A i A VR, L Xt a-E Y
Tt P R Vs PE B 98, 1Cs, 1HA 2.08 mg/mL, a7~ HA]
AL VAP AR B HE 1o B sh J124 03 br 3k
B, HSP X} o3 A3 T (40 4100 il /6 FH S TR A5 R4 i, B
HSP 5 5 55 B 6, 3k o P i PR A R A
P SN 3%

ZHE A TE S AR E B DIAH DG . ASHIE
FERIEHEN, HSP BT AU & P vl BRI T AT & 14
BRI A AS SR, 17 FLX o787 2 W T . T A0 Tt P
a-VERY AP HIAEF, W AT e wE K b S R R

PR BT i B B K B B R DG SR, AR
A2 51 B 3RAS HSP, HAN RO R AT R AR T o
JEEE T AR IR £ HSP iOSS AT, HEm i K-F- 1
RIE HSP IYPT AL S IEIBEE B, S AR K
SRPTESAAG) ST E D REVERE KR DN 7~ A T A P (AL
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