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i E B R AREZRR RS T RARE BA AT A SRS B EA ARG C oy RO AR KT A3 2 L3 R o BO i
B, ik R KBS AR A BRIV E (Q) FBolak 2w 20(K,) A 547, R A A 5 0% A8 6,35 - $ R 5 0 2 R R
M ZF(2.5.5.10 g/L) Ao R B AR (Zah) 146 pm AR 208 52 pm AR 37 um) 69 Koy P Rk & (BA A A BA AR B EA &S
CERRGE(+=3m =/ B ) PBORE L. &R.25 /L RARM@H P RAZFEH AF B O KAL(AHE),
EA AR C o9 QL (L) A KAL (@7 (4510 ) 2.5 o/L KRR K& 69 O KAL), B4 &AF B O KAL(+ =45/ .
B, B AR CH KAL(Z W) ;5 g/L RORM ety F Rk F 69 Q18 (+ =351 ), BA AR5 Afe & A A F B oy Q1L (AL,
EA AR Coy QA (+ =35 %) ;5 oL RIRRHH T RAZH OM(FT =4 . ZhHh W) KA (L HmE), A &F B QO
(=358 =8 W), EA R CH O+ =35 . =8 ) ;10 g/L RRMah ¥ EA RFBW O KA(EH . @), el &
HFCH QM(Z M B ) AR 10 g/L RRAHA T Rk F 0 Q1L (L) Ao KAL(+ =351, &4 A F B QA (+ =4 .= .
L) A KAL(+ =350 50, BA A3 C 09 QA (+ =380 . @) o K AL (+ =35 17 ) 39 5 B A1 % ke B 545 (P<<0.05 3%,
P<<0.01). 2.5 g/L XMty P A AR AW KAL(Z ), A &F Co O1E(F+=351) ;2.5 /L RARARHS T A AF AHK,
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HRECH QKM= @ 48 );10 g/L RORM ey F RRZE 6 Q1 (41H), CA AT AFCH RFCH O KIA(ZH =1 .
W), BA AT B O KA (LM ) ;10 g/L RORAM T KR Z 09 QM) A KAL(E W @M 450, B A F AR O &S
CHOKM(EH @ 4H),CARFBRHOME(EH . @B &0 KA (= 4 H)HERFA A+ 3502 F Bk P<
0.05). 2.5 g/L R AR 4000 P RARF 0 O KAL(E W), 2.5 g/L RARABHA T R F o) O (ZWH @) A= KAL(E B ), 5 g/L Rk
oy RIREW Q KAL(Z W W1 ) ;2.5 g/L KRR F BA AF B QA(ZH &8 ) A KAL(E /) ,5 g/L Rksadhy F & A
AEBWKA(ZH @), 10 g/L RFRM a8+ B4 & B o) KAL(= 7 ) R E A+ =35 2 %715 (P<0.05), 5 gL AR 10
o/L Kk taty My ApH T RARE CA AT A BRI AFB. CAAF CH O K (A M) KRR MR R 225 g/L Rk
REHEH(P<0.05K P<0.01), £ RIRP&4FA ZORD>EANBEA BN, B EZE P T 0. RIRT 69 KR ZE THE A
AFBOK, B AR 0 5T 4 B 4535 4542 5T v B3k 4 R A R 0 W BORCRF I
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Study on Absorption Characteristics of Gastrodia elata Powder with Different Particle Sizes Based on Rat
Everted Intestinal Sac Model in vitro

CHEN Yan', LIU Fan', GONG Zipeng', CHEN Tingting', TAO Tao’, LIU Zhi’, WANG Aimin' (1. Guizhou
Provincial Key Laboratory of Pharmaceutics & State Key Laboratory of Functions and Applications of Medicinal
Plants & Guizhou Provincial Engineering Research Center for the Development and Application of Ethnic Medicine
and TCM & School of Pharmacy, Guizhou Medical University, Guiyang 550004, China; 2. Dept. of Rehabilitation
Medicine, Guizhou Provincial People’ s Hospital, Guiyang 550002, China; 3. Dept. of Pharmacy, the Affiliated
Hospital of Guizhou Medical University, Guiyang 550001, China)

ABSTRACT OBIJECTIVE: To compare the absorption characteristics of gastrodin, parishin A, parishin B and parishin C of
Gastrodia elata powder, and to explore the effect of particle size on intestinal absorption of above components. METHODS : Based on
everted intestinal sac model, using accumulative absorption amount (Q) and absorption rate constant (X,) as indexes, UPLC-MS/MS
method was used to determine the absorption of gastrodin, parishin A, parishin B and parishin C from different doses (2.5, 5, 10 g/L)
of G. elata powder with different particle sizes (fine powder 146 um, superfine powder 52 um, ultrafine powder 37 um) in different
segments (duodenum, jejunum, ileum and colon). RESULTS: Q and X, of gastrodin and parishin B (intestinal segment) , O (colon)
and K, (ileum and colon) of parishin C in 2.5 g/L G. elata superfine powder; O and K, of gastrodin (intestinal segment), Q and K, of
parishin B (duodenum, jejunum, ileum) and K, of parishin C (colon) in 2.5 g/L G. elata ultrafine powder; Q of gastrodin
(duodenum) , Q of parishin A and parishin B (intestinal segment) and Q of parishin C (duodenum, jejunum) in 5 g/L G. elata
superfine powder; O (duodenum jejunum, colon) and K, (intestinal segment) of gastrodin, Q of parishin B (duodenum, ileum and
colon) and Q of parishin C (duodenum, ileum) in 5 g/L. G. elata ultrafine powder; Q and K, of parishin B (jejunum, ileum), Q of
parishin C (jejunum, ileum) in 10 g/L G. elata superfine powder as well as O (colon) and K, (duodenum) of gastrodin, Q
(duodenum, ileum, colon) and K, (duodenum, colon) of parishin B, O (duodenum, ileum) and K, (duodenum) of parishin C in 10 g/L
G. elata ultrafine powder were all increased significantly, compared with the same dose of G. elata fine powder (P<<0.05 or P<<0.01).
K. of parishin A (jejunum) and Q of parishin C (duodenum) in 2.5 g/L G. elata superfine powder; K, of parishin A (jejunum, ileum),
O and K, of parishin C (duodenum, jejunum) in 2.5 g/L G. elata ultrafine powder; K, of gastrodin (jejunum, ileum and colon) , K, of
parishin A (colon), K, of parishin B (ileum) and K, of parishin C (jejunum, ileum) in 5 g/L G. elata superfine powder; K, of gastrodin
and parishin C (jejunum, ileum and colon), Q (jejunum, colon) and K, (colon) of parishin A, K, of parishin B(jejunum, ileum) in 5
g/L G. elata ultrafine powder; Q and K, of parishin A (ileum) in 10 g/L G. elata superfine powder; Q (duodenum) and K, (jejunum)
of parishin A, K, of parishin C (jejunum) in 10 g/L G. elata ultrafine powder were decreased significantly, compared with the same
dose of G. elata fine powder (P<<0.05 or P<<0.01). Q of gastrodin (colon), QO (colon) and X, (ileum, colon) of parishin A, QO and X,
of parishin B (jejunum, colon) , Q and K. of parishin C (ileum, colon) in 2.5 g/L G. elata fine powder; Q and K. of gastrodin
(colon), Q (ileum, colon) and K, (jejunum, ileum, colon) of parishin A, K, of parishin C (colon) in 2.5 g/L G. elata superfine
powder; O(colon) and K, (jejunum, ileum, colon) of parishin A and C, Q and K, (ileum, colon) of parishin B in 2.5 g/L G. elata
ultrafine powder; Q and K, of gastrodin, parishin A and C (colon), K, of parishin B (colon) in 5 g/L G. elata fine powder; Q and K, of
gastrodin and parishin A (colon), O and K, of parishin C (jejunum, ileum, colon) in 5 g/L G. elata superfine powder; Q and K, of
gastrodin (ileum, colon), Q of parishin A (jejunum, ileum, colon), Q and K, of parishin B (jejunum, colon), O (jejunum, colon)
and K, (jejunum, ileum, colon) of parishin C in 5 g/L G. elata ultrafine powder; Q of gastrodin (colon), Q and K, of parishin A, B
and C (jejunum, ileum, colon) in 10 g/L G. elata fine powder; QO of gastrodin (colon), Q and K, of parishin A and C (jejunum,
ileum, colon), Q and K, of parishin B (colon) in 10 g/L G. elata superfine powder; Q (colon) and K, (jejunum, ileum, colon) of

gastrodin, Q and K, of parishin A and C (jejunum, ileum, colon), Q (jejunum, ileum, colon) and K, (ileum, colon) of parishin B in
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10 g/L G. elata ultrafine powder were decreased significantly, compared with duodeum of the same group (P<<0.05). Q and K, of

gastrodin (jejunum) in 2.5 g/L G. elata superfine powder, O (jejunum, ileum) and K, (jejunum) of gastrodin in 2.5 g/L G. elata

ultrafine powder, Q and K, of gastrodin (jejunum, ileum) in 5 g/L G. elata fine powder; Q (jejunum, ileum) and K, (jejunum) of

parishin B in 2.5 g/L G. elata superfine powder, K, of parishin B (jejunum, ileum) in 5 g/L G. elata superfine powder, K, of parishin B

(ileum) in 10 g/L G. elata superfine powder were increased significantly, compared with duodenum of the same group (P<<0.05). O

and K, of gastrodin, parishin A, B and C (intestinal segment) in 5 and 10 g/L G. elata fine, superfine and ultrafine powder were

increased significantly, compared with 2.5 g/L G. elata powder with same particle size in same intestinal segment (P<<0.05 or P<<

0.01). CONCLUSIONS: The four active components of G. elata are absorbed in four intestinal segments and mainly concentrate in the

small intestine. The gastrodin of G. elata may be absorbed passively, while the balisensides may be transported actively. The particle

size can affect the intestinal absorption characteristics of the four active components.

KEYWORDS Gastrodia elata; Particle size; Everted intestinal sac model; Absorption characteristics; Gastrodin; Balisensides

Tk R 2= BHAY) R IR (Gastrodia elata Bl.) T H
2R AR AR ) rp g 51 R RO B R E L G 44
SRt . RIBRZG DT s &, 377 TIRIE M =6
WAL, B ERIRTT A RE BRI 256, R B
TSI 2 AR 00 S50E 1 I ARTR I

ERORY PRIAR YL & 1~75 pum, K7 BE 434 F 0 (Dyo)
o 10~15 pm]Je 288 OB R H AN JsURL 2, fin TR 319
ROKREL ZEQORBBGY . B AR A AW R
B —TBUBT 24 A, DRLELAT I R /D 259
SEPL AN, FLAE R 24 S AT REAT B O SR I iy
e 2 A SO o EEAEAE T AR, 50 4 1 4 f R
FRIZH B BT 24 A A AR o R R Tl 2 s R BELR: T iz FH
THOR B A 200 B A T, T 240 L B /585 6 PR e 3 4
5, DTS AT AT 200 A3 PT B 4 2 M s i 5 o L 0 T s
B 05 /N AR R R R 2 A R R R
T ZGRCE SR H B, ARSI HENT T R ASI R SRR
HRKER EAIRR T A DRI B ERIERTT C X R
2R ) 8 R HH A 2 48 AR 1 o 1Y e AR A (1
TR I TR Ry S IO AT TR AR
I 5 R PR FHORTS YT i e 1t P A A B TR R B A R 4 1
P8k (100 B R4z : 150 pm) BB B0, KFRLE
Fiki 2 95 AT TR HLA R HLIE 2 TRk, B TS
3 T )2 RRR 2R B A Sl 01 T A O R RR H
22 PP A A3 AR TR 71 g W SRR AU A 5 R X 9 55
5T, A S A T S0 B A b Ny T KRR
R EHFIZRF A BRI BB CE AR bRtE
B A 0 e R B R R ROV A i - e R 0
(UPLC-MS/MS) , 3 F B iR S B A B 248 T N[
HEAR RIS L3 4 R A3 B AR Sz W SRR AIE , 7 25 15
T T REAR XS IR BRI o 1 W A P s i, LA Sy e Ay e
AR RR il FA I e o B4 g FH DL SRR SR il 351 B T %
2%,

1 #7
1.1 =8

Ultimate 3000 U = 240 AH {51 -TSQ Quantum %Y

HHEEZG 2020455 31 4

DU AR R R B BT, LA HL M 55 25 U (ESD) \LC
Qua 4.0.27.42 %45 4b PR £ 5t (22 [E Thermo Fisher Scien-
tific 24 vl ) s EL204 AU Hy K1 [ Mg i) - FE R 2404 ( F
1) A PR 7)) DK-92- 1T A BUEJE/K VR (ST 28304
ACERA BRZA 1) 5 VX- T 7830 e B 2 i R4 (b T ) B2 2
B AT BN 7115 SC082767 BUHA £l /K AIL (DU 1R 4% /R K Ak
PRS2 A FR AT ) s KQ-250E R A AL (RS LU Tl 8 A5 U 2%
A BRAF]) s NA-SL B RS AR HL (L5 rh 24 RIR
HERARAT.
1.2 A 5iRH

KR H (100 H , Hi4E 2 146 pm, Dso: 54.33 um, it
5:2017030601) , KRB Al 453 (200 H , K742 : 52 pm, Dso:
18.44 pm, L5 : 2017030602 ) . KBk 130Ky (400 H , ki
#£:37 pm, Dso: 13.44 pm, #it5-: 2017030604 ) #4114 F 52 M
J PN AT IR A R 25N B R R 25 AR 25 B = R
PRI 58 0 FLh

RIRRZEXRT HE (Ab ot B R A5 AR AT BRA AL it
5-:62499-27-8, 4l i : 100% ) ; LRI AR A XS R & (HL5-
62499-28-9, 4l if : 98% ) . LA £ 1T B XJ B (HiL 5 -
174972-79-3, 4l & : 98% )  ELFI AR C X B 5 (L5 -
174972-80-6, 41 [ : 96 % ) ¥l B AR B &R A PR A
F] 5 B AR IR (AR, DU 4 5 75 A R AT BR 2
AL A5  wkql7110604, 265 :98% ) 3 L R (41546, 1E
TR R AT Al KR 2RI K
1.3 ¥

SPF i filt e SD KR, bk, 1A i 220~250 g, i F
KD R AW H ARG RA AL A7 G A8 IES
SCXK (if1)2014-0011, ASBHFFY 28 B M BB K 2 5y 52
ISR PR ZE D1 HE S [A) 5 (LS. 1702077)
2 AEEHER
2.1 BHEHEIE
2.1.1 Tyrode ZZiify  PRICEALEN 8.0 g BkR & 4M 1.0
g FAMB 0.2 g SHALEEO.] g B2 284 0.05 g S ILAS
0.2 g HI%IHE 1.0 g, /et A s i CHC rp G4k A 75 PR
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TS A S PRI AR I FHETIAL) L SR 5 7K
FERZE 1L, RIS pH M 7.4 44 Tyrode 25 ik, £5 FH
2.1.2 R[RPRCAR KBRS BRI 0 s BRIBOR R4y
0K R ORI B, A Tyrode 28 whi i 75 (I 3% 250
W, 4% . 80 Hz, F [d]) 4bFH 30 min, {33551 438 LB AL
TR, BBV 141535318 2,55, 10 g/L(DAAE 2 6
i, FED BRI RAS R e kR, &1 -
2.1.3 TRAXTIEER /AR ERRBOR R R R R
A EFIZRTF B EURARFE C X BE IS &, i s A
il KRR (1.052 g/L) L AIFRH A(1.001 g/L) LA #R
17 B(0.994 g/L) A £R 11 C(0.804 /L) H— "% W o
I3 A I R I A R A I T ) —
F 37 CF LAWK T, 587 H Tyrode 2% i 7 fi I+
iR BT ATUREE , BAS R SNR A X B . R
BB T —20 COKMIRAT, 5 H
2.1.4 AR OREBEPREUE ML 20 A O o, P FH e
VI EZS 2 10 mL B, 75 BT R 1.054 g/L 1Y
PIBRIT £ o BB R PIRRIY #5008 it 55 50 mL HHHU A
FH B 25, RIVASH 5 5t vk BE Ol 20 wg/mL A9 N BR 45
BT —20 CUKFIIRAE, 25
2.1.5 =z 37 °C Tyrode 8 Wi , ¥ )5 £ 7 1
AT RSN BENES A 1 h, BTS2 AR
22 @ik&H

6, 3% #= . Phenomenex Synergi Hydro-RP 100 (100
mm x 20 mm, 2.5 pm) ; i 30 A : 0.19% H R 2 i % W
(A)-0.1% H @K%W (B) , B & Ve M (0~ 2 min,
5%A—20%A;2~5 min, 20% A—30% A ; 5~5.1 min,
30% A—5% A;5.1~7min, 5% A) ; kI : 40 °C ; i
0.3 mL/min; #EAER 10 pL.
2.3 [RiGEH

HL B I ES; 5 0  : 57.6 Arb(1 Arb=0.3 L/min,
D) 5 A B A B 1 4 Arbs 1E B PS5 HL R 3 500 V, 17
B %5 FLE 4 900 Vi BN I - 330 °C 5 Rl
S[1.5 mTorr (1 mTorr=133.322 mPa)]; & F L4 5 v
D (SR AE AT H , FH T 1 43 H7 B 25 - X6 43 301 R mlz
(+)304.05—107.11 (KK E ) .m/z(—)995.09—727.11
(BRI A) m/z(—)727.09—423.07 (L FIFFEB) .
m/z(—)727.09—423.07(EFZH C) .m/z(—)415.05—
267.00 (A5 ) CRIETE HL 4351 o 12242524 .32 V, 4
S 4391 84,298,298 ,298 224 V)
24 FHAAE

I WRE i 200 uL, A 20 pg/mL N A5 % T 20
uL, IR A 2 min, IIAZKAR AR IE T EE 500 uL, A5 2
W IRTER A 2 min, HAALFE 5 min, A 12 000 t/min 5.0
5 min; B, F 37 CTF LAWK T, 5% 95%

- 416 - China Pharmacy 2020 Vol. 31 No. 4

2 200 pL &7, 75 5 min, P 12 000 r/min PR S0
10 min, B {5 WGE &1 T UPLC-MS/MS 4747 .

2.5 HRFER

251 TlEM WS AW A A ARHR AR R CR
JRE BRI A EFIZRA B BRI C R R 4
W24 0.99.1.25.1.865.1.206 pwg/mL) . K Jif 4 100 1 31
90 min HJ 114 I MR AU (S R 45T e, #2“2.47 I v A 3
(25 FUBTRAS I AR ) J5 , R 2,27 “2.37 T f6 1% 15 1l
TSR HERE BT Il S, LR 1, B LRI, R
JRZR A5 4RI By AR Y 43 5 1 BT, B2 L RS
TCHEAFIN ) ) 2 2 3BT o

100, 100, 5
501 50 ﬁ
0
100 100 5
E\i 501 EJ\Q» 50 N
= =
# .8 # .8 —i—
= 1004 = 100 2”
jueag oI
< 501 =50
0 0 L
100, 100 |
50 50 A
O drerperd A erprererrrrr e 0 —
0 1 2 3 4 5 0 1 2 3 4 5
1], min [ 6], min
AZS PR B.45 FUATRHR A X B

100, 5
507
0
1007 3
507 AK
0 A

1004 )

501

0
1004

o )

0 1 2 5 1 5
IRFT], min
C.RIBRHETHONS 90 min B A4 IRISORE i T
TE: LRI ; 2. FIZR T A 3. L FIZR Y B 4. FIARTY C; 5. 448
Note: 1. gastrodin; 2. parishin A; 3. parishin B; 4. parishin C; 5.

AHXTFHE, %

internal standard
E1 HEISRME
Fig1 Typical SRM chromatograms

2.5.2 ARdERh 2 MoE i R R AR I R B 5
“2.1.37 TG Jy v T M DR PR R Joi 2k B2 433y 0.030 9
0.124.0.495.0.99.1.98.3.95.7.90,15.78.,63.12 pg/mL,
O ) 2% 1 A J o B 4 91 0.039 1,0.156, 0.312,
0.625,1.25,2.50,5.01,10.01,40.04 ng/mL, B F £+ B
J e RE 4> 51 M 0.058 5. 0.233,0.466, 0933, 1.865 .,
3.73.7.46.14.92.29.84 ng/mL, ] FF1F C it &2 4k i 43
5124 0.037 7.0.151,0.302, 0.603, 1.206, 2.413, 4.825,
9.65.19.30 pg/mL [ FRFNIE G X B SL ISR, #¢ 2,47 IR
DAL B P 2,27 42,37 T €43 5 i AR UERE
GHT ICsE AR . DA RN TRV (x, pg/mL) 2y
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A bR LW TR 5 ARG TRIAR 22 LG () 9PN AL bR HEA T
LR 1T, 245 B M50 R PR A IR B, 45
W1,
&1 REHPAMENAES@MAFE EHEE . E8
TR B AR AR
Tab 1 Regression equation, linear range, lowest li-
mits of quantification and detection for four in-

gredients of G. elata

iR [=2-% = EL A =i
KIEE  y=54916r+23407 09994 0.0309~63.12 0.0309 00101
PAHAITA y=03750r—0.0592 09999 0039 1~40.04 0.0391 0.0120
TRIAHB y=00550x+0.0029 09998 0058 5~29.84 0.058'5 0.0282
EABIFC y=00454r+0.0035 09995 0.0377~19.30 00377 00107

2.5.3 KEE R HUER R #2137 IR Iy A Re
FE T BR BT E (RS (BT A BRI T B. T
FIFRAF C 35149 0.030 9.0.039 1,0.058 5.0.037 7 pg/mL
FMEE b i R (KRR 0.39.,0.99.,3.95 pg/mL, [
FIFFTF A 0.31.,0.78.3.13 pg/mL, ELF AR 15 B 0.47.,1.17,
4.66 pg/mL, ELA #ETF C 0.30,0.75,3.02 pg/mL, Jii 7 i
JEE AR A A PR A A iy 0 T 0 4 R, R WD) B BT AR
(QC)FE L 45 500 #2247 WU N Iy ik b RS , P4 2.2”
“2.37 15 B SRR AT B S H KSR s Sk
WIZE 3 d, 558 H ARG L o B S0 5 3k 8 5 R o
SRS T R, B ERUER . A5 RBRR A5 AR
L H VAT H ] RSD 35/ F 8% , W B 7 5 A= ke
it T BT AR DGR,
x2 BEESEMERRER
Tab 2 Results of precision and accuracy tests
H K% (n=5) HIEEE (n=15)

N ==A=X - _
mti P ey o, aE g T
(xts),pgml % (x£s), pg/ml
Kz 00309 0.0272£00024 882 0.0263+00032 1216 8833815
039 038003 761 034+003 786  9865£727
0.99 099+0.04 363 LI5S£006 510 108.69£3.02
395 3514008 226 3654008 231 10087465
EAAHA 00391 00354200041 1158 00322100031 963 90.13£7.89
031 031£0.02 738 0314002 738 98.09+286
0.78 1.13£0.04 383 130£008 596 96.52%647
313 367+0.18 507 3264008 231 9259+137
EAAHB 00585 0.0517£00043 832 0.0526£0.0038 722 87.65+9.18
047 051+0.04 696 0494003 677 103.08+4.18
117 099£0.07 6.89 0924005 560 9723216
466 4124003 382 4084023 580 91.05+329
EAAHEC 00377 00328200029 884 0.0362+0.0043 1188  86.16+7.17
03 026+0.01 441 0254002 722 888338
075 0.72+0.01 175 0743005 621 9629228
30 287016 563 2794008 337 9421210

2.5.4  FEBUSOVIRES B3RS [R] BT i v B TR A 0 R
BRI, T 37 CTF LA T, 587 F Tyrode 2% thifk
200 pL & e & o fa vk B S AIK b L BT R QC
FE il — 30, $%°2.47 U R 5 AL BRI AR 53 B, 1 Sk e T

HHEEZG 2020455 31 4

F(A) o BURIRERY [ 3 A ) Jot s v B2 AR T 45 % BEL
VT 37 CTF AAER T, 5% i FH ) 1R 3 2l A 200
nL S0 e 2 B B v B AR P L B HR B QC R A
— 3, 3247 WUN )AL RS BERE AT 10 SR 0 TR
(As) o FEFEEN =A1/A:x100% o FEA 0 AL i 34
SPATHEAE S WK . AR, B BTRON AN W AN ) (1Y) 5 S
B LR 3.
*3 ERMMIRILER (n=5)
Tab 3 Results of matrix effect tests(n=>5)

TR IR, wg/mL KRR (xt5),% RSD, %
Kz 039 97.9243.63 370
099 100.67+2.13 212
395 95204354 3N
EAl#TA 031 101.32£1.89 187
078 97.83+857 776
33 9750+6.42 6.58
ERI#TDB 047 90.97+7.23 795
117 102414533 521
466 99.54+230 231
BAl#C 030 99.51£6.13 436
075 9724462 476
30 96.97+3.09 319
iz 20 87314785 513

2.5.5 FAEMERE #2137 W R ik EEME . b L
JT iU BE 1 QC AR AL 45 53, 43 Bl 58 HA# “2.47 TR Jy
AL PEE T A SRR PHCE 12 h DL —20 CTR K
B 72 h L E R (—20 C~2 ) 3 K5 Fidi 2.47 0
T PREE S T IR M . S5, B R TE BR A
TraEMERIF(RSD<11%),EW% 4,
F4 BEELBRLER (n=5)
Tab 4 Results of stability tests(n=5)

IMREEEDERES 20 CFRERR A3
F BRI, HE12h JE it}
" pgml  GWERRE RS, SMEEWE RSD, SWREKE RSD,
(xts),pgml % (vts)pgml % (xts),pg/ml %
KikE 039 036£002 555 0372004 1081 039£003  7.69

0.99 108£003 278
395 3874004 103
EAI#TTA 031 032£003 937
078 086005 581
313 33009 278
OB 047 049£003 612
117 1022004 392
466 4345013 303
Bl#iC 031 0284003 1071
075 0731004 548 077£004 519 0794006 759
302 2024004 479 30120012 385 2824000 234

0982005 510
3791008 475
0332003 9.09
083£007 843
3081002 389
0462004 869
096006 625
4582031 676
0322003 937

105£0.07  6.67
3824012 314
0294003 1034
0791007 886
2972009 3.03
0494004 8.6
LIS£005 434
403£0.16 397
0261002 7.69

2.6 ANERLFE KRR E MR 5 B R IR M AR 5
SISO, KRESE 12 h e B9 10%
KA ST (3.8 mL/kg) UEA 7RI, TV AT TR fi , BY
T HFRMBE, BT 0 °C Tyrode 22 i vh e & bk, B &
TN EY . KHERBRA BN ERES S, R
37 °C Tyrode Z& Ml i , 55— it FH1 3/0 5 AE RS F- AR <k
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2EFLRLAE , B S A S AT 37 °C Tyrode 2%t 10 mL ()
FERBEH, H5I AT 5%C0,.95% 0. WTRA A, FiE
A Tyrode Z€ M 2 mL T % I , V-5 5 min J5 , ¥ Ty-
rode 2% MR e o “2.1.27 T R [ 5] R AN R RE AR ) R
JFRA IR 2 mL GRS 2 A U2 i 0 10 S 0 45 R i
B HATIAMEIRR . 2 BTG 156.20.,45.60.90,120
min B BORE 200 wL, BORE S5 1] i 6 #b 7 25 AR BRI
37 °C Tyrode ZZ 11K . BUFERE SR HE“2.47 50T Jr i 3
J& PR 2.27 42,37 TN 45 5 BTk Sk A HE R AE , JFR
FHNFREETH SRR TP RBRR (EAIRH A EFAR T B,
ELVRIRR T C BTk BE . BSR4 i B v i
P FITE A AR U8 4G 0 2 A R g BE A BE B A
BE R4 BAn B (- 36 KT ] 1 em & F 10
em; 257 AT 15 em 2= F 10 em; [ % : B B E %56 20 cm

ZE T 10 em; 25 - H W T 5 2= F 10 em) # WIC TE FR
(4) o ARSI TEANE 5 IR

AT AXTHR 25 RN (O, ng) FII IiH
RHEHK., pg/(h-om®)]*

V\/{ n—1
0=0.2cx— " 40.2x Y ¢,
=1

TR =

o, e, 16 55 n A T g JBOREAY: (it V19 ST 00 o vk

&, e AR5 i RBUREIAS (9 i N 250U B, V e -5 T

1 & A Tyrode 22 Ml PR B, 1V e B U BURE 1)

BB K Q5 (AT RPN A5 AH R B ARRR (L), fBHR

B DL A BDAS K, K FH SPSS 22.0 #5143 ¥4 k47 48 3+

O3B TR PR LAY + 5 F0R AR HLECR TR R Oy

2 M, P<0.05 R ERA G FE L, 4R W% 5~
%8,

F5 AEFIEFREPERFKMHRHKZFEREIS 120 min BFEIBZRKE R (x +5,n=5)

Tab5 The absorption of gastrodin in different doses of G. elata powder with different particle sizes at 120 min(x +

s,n=5)
o , BN NS KR
Mgl Bl . . -
O,pg K., pg/(hent) O,pg K., pg/(hent) O,pg K, pg/(heen’)
25 TR 749+1.05 0.004 0+0.000 4 1036+ 1167 0.0064+0.000 6" 1246£0.64 0.0094+0.000 3"
% 6.8810.82 0.004 8+0.000 6 1453+ 1.02 0.0079+0.000 5 282243.63 0.0136+0.0025*
7 6.79+1.05 0.003 9+0.000 6 10.33£0.66° 0.0062+0.000 5" 1689+ 1.09 0.009 1£0.001 2%
& 4624095 0.0029+0.0003 82741217 0.0050+0.001 1 1076+1.38" 0.0099£0.000 9
5 TR 157141.96° 0.018 8£0.003 3* 21303837 0.0158+0.0039° 36.89+6.83" 0.0246£0.0033"*
a7 208175 0.0285£0.0022* 208+238° 0.0151£0.0019** 38.19£7.24" 0.0219£0.0009*
7] 231+421% 0.0241£0.004 4 246+241% 0.0145+0.001 7 2143£330% 0.0163£0.003 5
& 10.14+1.82* 0.0182£0.004 7% 9.98+1.86™ 0.0111£0.003 9 21744 1.63 0.0140£0.001 37
10 TR 5631 +4.95% 0.0312£0.006 3* 58.17+2.54* 0.031340.003 3 60.53£10.54* 0.0519£0.0105"**
a7 50.62+4.84% 0.0313£0.0054* 53.08+3.29* 0.0326%0.003 6° 5770+4.22* 0.028 6+0.004 4
7] 54941233 0.0332+0.006 8** 50724325 0.0333£0.0030° 5728+397* 0.0370£0.003 7
& 333943474 0.0331£0.0072* 39.74£5.76™ 0.0299+0.005 5 49243357 0.0320£0.007 1

T - 5 R R BRAIRY LA, * P<<0.05, " P<<0.01; 5[ 41+ 48t 4, "P<<0.05,"P<<0.01; SRz B [FIRiA% 2.5 /L KRR ELAKL, *P<<0.05,

Mp<0.01

Note: vs. same dose of G. elata fine powder, *P<<0.05, " *P<<0.01; vs. duodenum of same group, "P<<0.05,"P<<0.01; vs. 2.5 g/L G. elata pow-

der of same particle size in same segment, “P<<0.05,**P<<0.01

FH 2% 5 7 I, 45 R R RRANAD HLAR , 2.5 o/L KIFRHR
SRR TOR KRR 10 O KL AH (W B ) .5 /L KR
A9 O (T 481 .5 /L KRR k) 19 O 1+
AR A A ) T KAE (B |, 10 g/L R R T
Wity Q8 (450 ) B KA 480 ¥ B g s i 5 g/L
IR A4 R O B KA 25 W I i 50 ) 44 3%
FER(P<0.058 P<<0.01). SIFZ1+ 48 L#, 2.5 ¢/L
FRRATR 9 O 1l (450, 2.5 /L KIBRHL AT 1 O K. H
(%W) .5 g/L KIRANE AR O KL (455) .5 g/L
FRRHABOI0 O K.AH (45 011 , 10 /L FRRAKS B
A R BB 1 O 1 (4503 ) L 10 /L RBRB ORI K. (1]
(=5 Mg el 25 ) 240 S 28 A 1 2.5 /L R IRRAR 23 A1
BB O KAL), 2.5 /L RIFEBORS ) O i (]
1) .5 /L KIRAE Y O KA (75 [l ) 34 6 5 T i
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(P<<0.05). [nlfizBEIRkiA% 2.5 ¢/L KFRRY L4, 5 g/L
DL S 10 /L KBRANHY L R IRAR 20 8 KRR G0k 1 O LK.
i (4B ¥4 8 3 T i (P<<0.05 8, P<<0.01) .

H1 2% 6 1] UL, 55 [R50 i PR R LK, 2.5 /L RIRRAR
Ytk L RART AW KB (55 ) , 2.5 g/L RIRE O 1)
KAG (25 W 0l ) .5 /L RIFRAR AN 9 KA (4501 ) .5 g/L
KR ION B9 O 18 (23 W (25 1 ) Fl K AB (450 ), 10 g/L
RIAR AR 19 O KA ([E1f7 ) , 10 o/L KFREE OB 19 O 1
(3681 A KA (23 1 ) 35 58 3 AR (P<<0.05) 5111 5 g/L
RIFKAR A0H ) O (i (4= B ) ¥4 8 3% FHi (P<<0.05) . 5
2+ —d8 M Hed, 2.5 o/L KRR Q 1H (45 1) Fl K,
(R Z58 ) , 2.5 g/L RIA AR i Q18 (a1 i (&5 )
MK (23 0 450 ) , 2.5 g/L RIFRE OB A O 14
(5 ) M KAE (22 [l S5 ) , 5 o/L RIFRAI A4l
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®6 AREFIERERERFYH BRI HRE A LI 120 min B H B RBER (X £5,n=5)

Tab 6 The absorption of parishin A in different doses of G. elata powder with different particle sizes at 120 min

(xxts,n=h)
. . KR4k KIRHAns KIRERH
u‘]g,g/L %E)‘( 3 3 B
0,pg K., pg/(heem’) O.1g K, wg/(hent) 0,pg K, pg/(heem’)

25 Rt i/ 1213142 0.009 10,0010 13.50£1.65 0.010 10,0007 11.88£091 0.0094+0.001 2
= 1096£1.17 0.0095+0.001 6 11132130 0.008 70,001 4 11.13£1.60 0.007 70,0002
il 1068+ 143 0.0079£0.001 1* 10494097 0.0069£0.000 4° 1096+ 1.82 0.006 0£0.000 6™
2 6.90+0.82° 0.0052£0.000 5° 6.750.54° 0.0043£0.000 6° 770098° 0.0052£0.000 §°

5 =4 25.57+1.32° 0,036 8+0.005 3 411243017 0.035 8+0.006 8* 30.04+722% 0.0214+0.0052°
= 24.15+3.39* 0.0349£0.0022° 31614598 0.030 9+0.008 9* 17374£2.99* 0.0134+0.0037*
il 0N+45° 0.0315£0.008 6* 3141416 0.0232£0.004 3* 20801454 0.018 80,003 4*
i 16.71+1.29" 0.0266+0.004 4% 043£5.107 0.018 1+0.004 6" 1031095 0.006 1+0.0007°**

10 Rt i/ 65994901 0.0542+00119** 61.86+5.22% 0.051 40,010 4** 484647537+ 0.043 140.046 5°
&t} 35.56+2.76** 0.0340£0.004 7 35.5642.76" 0.035 10,003 7** 37384356 0,023 0+0.002 3"
[ilf 32434235 0.029 10002 9°** 20204297+ 0.0192£0.0029** 3038 £4.52°* 0.0218£0.002 6™
] 2117137 0.0223£0.001 4 20.16+456" 0.0218£0.005 8" 24761687 0.018 80,003 5**

TE - R B RANR LEEL, " P<<0.05, " P<<0.01; 54+ 48 A 1L 4k, "P<<0.05,"P<<0.01; 5 [l Be R Rifs 2.5 g/L KIFRAD L4, “P<<0.05,

“p<<0.01

Note: vs. same dose of G. elata fine powder, “P<<0.05, " *P<<0.01; vs. duodenum of same group, “P<<0.05,"P<<0.01; vs. 2.5 g/L G. elata

powder of same particle size in same segment, “P<<0.05,*P<<0.01

RT AEFEARRHEZERFHH P EFIFHRE BERRIR 120 min BRI RIEER (x £5,n=5)

Tab 7 The absorption of parishin B in different doses of G. elata powder with different particle sizes at 120 min

(xts,n=5)
&l el ok
Aol I KR4k ’ KIRHAh : KIRERH :
0,1g K., pg/(hent) 0,pg K., pg/(heent’) 0,ng K, pg/(heent)
25g/L Rt i1/ 2.89+0.46 0.0020£0.000 5 3.974030° 0.002 90,000 2° 5454034 0.0041£0.000 3°
= 1784033 0.0013+0.0002° 5364086 0.0043+0.0009° 5584055 0.004 10.000 8"
Flf 2641057 0.001 800006 4740717 0.0026£0.000 3* 3142025 0.002 1£0.000 3°
2 1.38+0.18° 0.0009£0.0002° 418+0.62° 0.002 80,000 4° 449£0.70* 0.003 240000 4°*
5g/L =3 870+ 1.73* 00125400042 1493060 0.011 80,002 9** 195743834 0.0157£0.003 1*
= 1023+1.42* 0.0169+0.003 0" 17163347 0.0150+0.002 7* 11.60£0.98" 0.0105+0.001 4
i 1178191 0.0165+0.000 8" 15.34+185% 0.0126£0.0029° 17744607 0.0127£0.001 87+
2 598£0.71° 0.0085£0.001 8°* 11.01£2.53"* 0.008 60,002 1* 1082269 0.0073£0.001 7°*
10gL =3 26543504 0.0182£0.004 3* 2440+2.70% 0.018 4£0.003 5* 3500425174 0.031 8£0.0026"
= 11.4840.64™ 0.011 1£0.001 3 236321674 0.0199+0.0042° 145242017 0.008 6+0.001 3*
i 13354200 0.011 7£0.001 5 202644497 0.0244£0.005 3" 25374519 0.0167£0.002 4"
2 150143417 0.010 70,002 0°** 18.00£2.14* 0.0144£0.0032° 202642007 0.0147£0.0029°

L - 5 [l R BRAS LA, * P<<0.05, ** P<<0.01; S5 [RIZ1+ 48 Fe 4, "P<<0.05,"P<<0.01; 5 [Al i BE R A4 2.5 o/L KRBT EL4L, °P<<0.05,

“Pp<<0.01

Note: vs. same dose of G. elata fine powder, *P<<0.05, " *P<<0.01; vs. duodenum of same group, ‘P<<0.05,"P<<0.01; vs. 2.5 g/L G. elata

powder of same particle size in same segment, “P<<0.05,**P<<0.01

K0 O KA (450 ) , 5 g/L KRB 1 QA (25 i 7
W 5 1r) 10 /L KRN AR 2 A FIEE T80 19 O LKA
(Z5 [l (250 ) ¥ B 2 AR (P<<0.05) . 5 [l fi B )
K% 2.5 o/L RIFEMS HLAEL, 5 o/L LA K 10 g/L KERANKY K
JRRAR 40k R R OB B9 O KB (42 B ) 35 2 T i
(P<0.058{P<0.01),

128 7 0] UL, SRR R R LR, 2.5 /L R
Yy ERIBRT B Y O KA (2B , 2.5 g/L KRR
W O KAE (=36 2 W (B ), 5 /L RIFRAR 41 K
1 OME (2B ) .5 g/L RIKE R I O (=487 . [l
W 250 ), 10 g/L R AN 1) O KA (25 1 Bl )
10 g/L RIFKEB R 19 O 18 (+ — 48 . [mlfig (451 ) Fl K.

HHEEZG 2020455 31 4

B (480 A5 ) ¥ 2 T (P<<0.05) 5 111 5 g/L KK
WA H5 04 KAR (17 ) DA K 5 /L R IRERBINORY KA (251
1] 7 ) ¥ B F B (P<0.05 8% P<<0.01) ., SR+ 48
W b8, 2.5 o/L RIRAHRY 9 O K AE (%5 1 A5 ) , 2.5 /L
RIFEA O O KAE (1817 517 , 5 /L REFAR Y K,
fH(Z51),5 g/L RIKEEH I O KA (ZE W 451) , 10
/L RIRAM Y O KAH (25 81 (451 ) .10 g/L KRR
W AR 1) O K AB (451 ) , 10 g/L RIFFER O B9 O 8. (23
o Bl 25 ) F KAE (1ED i 45 ) 35 8 35 B AR (P<
0.05) ;1 2.5 g/L RIFEMAA B9 O (75 1 . [ml iz ) Fil KA
(Z M) ,5 g/L RIRANF ) KABL(ZS B . [alf% ), 10 g/L KR
R A4 1) KL AR ([0 ) 359 4 2 T i (P<<0.05) . SR B
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®8 AREFIEARRHAIE KM EFFHRE CEEIF 120 min B HIBFRKIER (X £s,n=5)

Tab 8 The absorption of parishin C in different doses of G. elata powder with different particle sizes at 120 min

(xts,n=h)
o . Nl KIRHRAEY N
Mgl R ; ; -
O,pg K, pg/(hen’) 0,pg K, pg/(hent’) 0,pg K, pg/(heent)
25 R 1.62+0.26 0.001240.000 1 1304023 0.001 1+0.000 1 118£0.15° 0.000940.000 1"
=h 1.68£0.16 0.001 1£0.0002 1.51£0.12 0.001 1+0.0002 09540.12° 0.000 640.000 1
[il 1.15£028° 0.000 6£0.000 1* 1.35£0.16 0.0009£0.000 1* 1261024 0.000 6£0.000 1*
7 07910217 0.000 3£0.000 1" 1341020 0.000 7£0.000 1** 0.70+0.04° 0.000 6£0.000 1**
5 150 3.78+0.19* 0.0055+0.001 2* 6.9411.53"4 0.0055+0.001 0* 72141.79* 0.005 840.001 8*
= 3714058° 0.005 840.001 0* 5434058 0.004 0£0.000 4 3794042 0.003240.000 57
[l 358087 0.004 840.001 6* 3824031 0.0030£0.000 5 63411.19" 0.003 840.000 5***
i 22740.18 0.003 340.000 3°* 2731055 0.002 1£0.000 5 2954031 0.002 040.0003**
10 15 12,63 1.12* 0.010740.002 0** 12.5540.88** 0.009 6+0.002 0* 16.19£2.17°* 0.015940.0025**
= 703+1.09* 0.006940.001 5°* 958+1.62" 0.0073+0.0009* 718+0.64% 0.004 440.000 5
[l 554054 0.004 940.000 7** 76740.69"* 0.006 60.000 7°* 73340.63"% 0.005 040.000 5°*
7 4584097 0.004 010.000 7°* 4814083 0.004 5£0.000 5 5204077 0.003 440.000 87

TE - SRR JRRAIES LA, *P<<0.05, " P<<0.01; SR 4+ 48 Lk, "P<<0.05,"P<<0.01; 5 [k ] B 2.5 o/L KIHAS LA, °P<<0.05,

Mp<<0.01

Note: vs. same dose of G. elata fine powder, P<<0.05, **P<<0.01; vs. duodenum of same group, “P<<0.05,%P<<0.01; vs. 2.5 g/L G. elata pow-

der of same particle size in same segment, “P<<0.05,*P<<0.01

[RRiA% 2.5 /L RIFREY ELAEL 5 g/L DL 10 g/L KFRAHHS |
RIFRAAA R IFRER TR 1) O K AE (4P B ) 34 18 35 T =
(P<<0.053% P<<0.01).,

FH 2 8 ] UL, 5 [R50 i KRR AR L4, 2.5 g/L KRR
iRy R ART C Y OB (S5 ) K AE (IRl s 250 )
2.5 g/L R 0 KA (S50 ) , 5 o/L RIFRI A K3 14 O
(=48 .25 W%) , 5 g/L KBRS 09 Ol (+ —48
Jr B ) L 10 @/L RIMAR AR ) Q1B (25 g L |1 i ) , 10 g/L
IR 0 O (8 (+ 481 a1 7)) f KB (+ 36 0)
1583 T (P<<0.05) 5 1M 2.5 g/L KRB Z083 i O fE (+
ZA8M) 2.5 /L RIKE M I O KAE (T =487 .=
) ,5 g/L KERIARY 9 KAB (2515 181 ) , 5 /L KRR
OB Y KB (250 07 25 0) L 10 g/L KRB IHORS 19 K,
(25 1) 19 B R (P<<0.05) . SR4LT =45
5,25 g/L RERAOK 0 O KA (B 1% 451 ) , 2.5 g/L K
ERZ Z0HS 1 K AR (250 ) , 2.5 o/L ROy O 18 (450
MKAE (23 0 450 ) .5 g/L RIFRAIK ) O K. AH (45
1).,5 g/L RERM AR O K A8 (250 [l 450 ) .5 g/L
RIRHR R B QB (75 W (&5 0 ) KAEL (25 1 1Bl i 45
1), 10 g/L KFRANKY F AR FHB OB Y O KB (25
[l 45 W ) #4935 FE AR (P<<0.05) . 5 W) I BX IRl ki A%
2.5 g/L KRB HLAE, 5 g/L LUK 10 g/L KRN KRR
YAy R OB 1 O VKA (2 B 4 i 2 T s (P<
0.055; P<<0.01).

3 Tt

Bt QA AL Rk 2 0 8, AT TN BRE 114 S
JEE AR vy, Xof e 2 P R L e SR A R A
50 1 25N T 7 s AN RE T 2 B B A 245 5
SR T AR R B 2 ) H 24 R OR BR B R T 24 4 Ok
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b, IR RO A A DT 4 v v 24 6 B 1 2R
PRI, LARIE 25300 5850 K35, A B T 250 %
TR 2o ZEARRNOT IR R A B L,
T FL7E 5370 2 R BB 4 203 A2 0T & 5 T A T 1
A I FH I

AWFFEE Se i T R B E R BRI AR AL
EAIER T B EURI AR AT C & 5 i UPLC-MS/MS % . 7Ef4
TSR A R T AR ST 4 T T S AH TR AN [ i B
PR X I B 23 72 T e BTS2 o 85 R B TE K AR
LA 0.1% F RS , 45 15 Mo I T X iR | 43 5
R, U8 T 2.2 W A IE i shA . e E R T
X e FLF R 5 LA AR v AR T e R 1 A R R
A B BB TR 1, R HG A e R RN S A T
177 B— AL ST 1 2.3 " R i 4k, rikess
T LE LR, T EE ST i UPLC-MS/MS 1 B AE fRi 8 | b
L MERE R BE R

b A SR A, TUIRGE 2502 H T is WA 45 24
Wz —, AR ZEL9 1 IRJG FE /NG R A ™
T8 1 X 24 1 00 i 3 SRR A TS, T RASRAS AT L
W ISR, W s e [ 2R A5 0 ARG R & —Fh
TEARSIMELALL 7 T P58 G 0 245 1 W AT 15 1 5 L 3
TR BEAE T A PR AR B4 TRl i B
FHLL S 25 W0 AE A TRl g BE B WSO B, FF 4R LA 2
FEE ARG 1 TR B A S A R AR KRR BRI
FA R0 Ak, DA IR RR 3R S5 A0 AE AT 20 e A o I 1Y
J9 W ST 100, 5 S Ab , ASAUE 55 % i A B I T) 48 31 8 120
min, AR PRSI A0 1E 5 AR RS

Ji W WA TG 55 R B % L 2.5 /L KRR 40k v R
IREME AR B O KM (2B, BRI CH QO
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(B (450 Fn KAB ([ (250 ) 5 2.5 /L RIRFE GOk Hh K
KR O KAE (2B, BRI B O KAH (T 45
W 25 b el ), BRI ER T C A KAB (2517 ) 55 g/L RIFRIR
YA R IR R ) QI (+ 3617 , BRI 2R A FTE A 2%
BB oM (B, BRI CHMoE (=4 .=
W) 35 /L RIFREE OB h RIRRR I OB (=48 =W
i) F KA (2B, BRI B O (=38 .
i Z5k7 ), EBRIERTT C B OfE (- =481 . 1nlfi7 ) ;10 g/L
RIFRAR 24 vh AR BB O KA (25 1|17 ), EUR)
FRATC I OME (7 ([ 7) L K 10 g/L KIFRAR GOR H K
KR M O (55 M KAE (- =380 , BRI B O
B+ 46 [mlig 250 M KAE (380 450 ) , 1B
FIFRFF C I QM (=480 a7 ) Al KB (48 5) ¥y
A [ 5] 6 KRR AN By .35 TR (P<<0.05 B P<<0.01), 2.5
/L R IRAR 2008 e B R 2R A KAE (251 ), LR R T
CHY QM (+ —48M1) ;2.5 /L RIFKE BB b AR A
1 KAE (25 1 0l , BRIER T CI O KB (H 460 =
)55 g/L RIRAR AR o R R 2R 1 KB (25 1 L [l g (45
W), AR A 0 KA (Z50) , B RIARTT B 1Y KAE (17
W), BRI C I KAE (2515 B ) 55 /L RIFRER OB
HOR KRR A RARTT C B KA (25 1 i 250 ), )
ARATAM OME (2 W S5 ) M KAE (450, B RIAR 1 B
f9 K AR (23 i 18T ) 5 10 /L FRIRRAR 48 3 o B2 R 2R A
1O KAE (R ) 5 10 g/L KRR ok v LRI 2R A B9 O
EH(+ 48 M KAE (5 i) BRI C KA (55 ig)
873 ) 9] 5 KRR 4 B I 2 A I (P<<0.05 5% P<<0.01)
2.5 g/L RIRAHH R IR R I O fH (451 ) , R RIZRAT A Y
OfA (451 M KA ([l 4505 ) , BRI B W O K ME
(Z= i S50 , BRIZRTT C O KA (I (4507 ) ;2.5 g/L
FIFRA A3 R Y O KB (4517, BRI ZRTF AR O
E (8% S50 Fn KAB (25 18l g (4508 ) , BRI ZR T C
) KB (251 ) 5 2.5 g/L RIFRFE G0 H BRI R 1 A FTEL A
PR CI QM (Z515) F K AR (Z5 1 [ i 250 ) , B 2%
B O KAH (7 2517 ) 55 o/L KFRANK H KK E
EFIZRTT AFIEFIZRTT C I O KA (4517 , BRI R 1T B
() KAE (5507 ) 55 g/L RIFRAR AR o R 2 T EL R 2R A
O KAE(45) , RIFRAT C 1 O KAA (25 L 81 25
)55 g/L RIFRERR T RIRE R O KA (17 450 )
BRI AR OME (=W B Hilm) , BERIRTFB O,
KA (2 250, BRI R C Y 08 (55 8 450 ) F K.
(25 1 250 ) 5 10 o/L RBRANE o KRR £ 10 Ol
(Z50) LI K BRI A BRI B B AR CHY O K.
(25 [ &5 ) 510 g/L RIFRA 4Tk Fh KRR K ) O
{E(Z50) , ERIFRTT A FIEFIZRTT C I O KAE (%51 11
W E5l) , ELRIERTT B 1Y O K AE (451 ) 510 g/L KRR
Tk H R IR 1) QEL (4517 ) F KAE (2 1 ([l fig (250 )
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ELMZRTT A RIEFIRRTT CHY O KAB (=51 L 81 2 )
ELFIRR T B 1Y OE (=5 . [l (45 ) F0 KA (1e1 i 245
19 ) Y85 R 20+ 45 W B E BEAR (P<<0.05) . 2.5 g/L K
RS 03 v R R 9 O KB (251 , 2.5 ¢/L KRR 1L
B RIRER I O (= mlig ) M KA (=) .5 g/L K
RN P R BRE ) O KA (2S5 i ) L% 2.5 g/L K
JRRAR 80y i A BT B 19 O {8 (23 i [l ) F KL AR (55
W) .5 g/L RIRAES b LRI 2R T B # KA (250 [0 A7)
10 /L KR A AR B (14 KAE (Il ) B2 R 4
+ A8 B E TR (P<<0.05) . 5 g/L LK 10 g/L KRR
oy B RO KRR AR A EAIRRT B
ELFER T C 1Y O KAH (427 B0 4 F I Belrl ki 2.5 g/L
RIFAS 2 T+ (P<<0.05 8¢ P<<0.01)

H1 FIRGERAT L, RIFRZRTE 17 B i K AR AT Bl i
S s A, ELIRPRLAR AN [ 55 5k 2H ) 22 1) 4 22
BOR, $781Z A0 & W 7E W 38 vh i WSCRT BB Sl 1k sl e
180, W WG N, TS R b o AR
HRAL G WTEA R 1 B ) WS I AR 22 5, AR =S
[0 Jga o £ K AL B A ) 98 1 i s a3 {HL 5
10 /L 20 Z ] Y 22 5 AN R Sm iz R b S WIE = 1 |
()7 N =0 S 2 [ 5 e e N il s AN 77D:0 )
RIBRAER SOHS HP IR JRR 2R 1) W A 38 22 T SR JRR 200493 1R 48
Foy , T Bl v B R A 28 AL 5 e 25 i B R0 A
AR SR RO R AR B AT (R E v 24 B8 rh B 28 iy
ARSI, AELFARET XS BT AT 7853, 33X 7T RE Hi il v 1t %
¥eim S O IR R AR 25 5 BT B

5 w31 N ) e vl 8 T L U= 78 e S R
TR Ly B BEI UPLC-MS/MS % 1% 3 % JE 5k . 2 B
JE R oy M sdeisnss AR AT PR, AT 3 R A A
Y RE B AT o RBRH Y 4 FE RO AE 41 B8 TR
W, B A2 T/ o RBRH YRR 2R W RE A Bl sl ik
W, A RRFH IS T RE SN E B FE iz , KRB kAR n] 2
R AR RS OT IARARRE . AFERIE R TA
[RDRE AR I IBRORS Hh 4 Fof i M T 8 AR v B AT
Lo 225 B A1 R BT T AR SIMEL T , TG 1k LSRR
PN FRIE LK i B 345 PR 3R %k 25 W s iy s o, LIS
F 0 I A] Y A, i BT PR 2 B R, DRI A
BT , AR ZH K 2 AR SETT JEAS [R)RLAZ B ok 1)
[ i L K AR A2 25T, ARE— AR R X R R
ABOS3VR N WOBCRFPE B S0
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