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 E:. B WIREHRLE (d-THP) BT (ETS), FHWID M BAHIFIE RS, Ak RALEEFEN-pH
FE R BhE VLN % dI-THP ETS, FEx A bife. st 5 ad RSt st 7R AE; DURRE (LPS) SETFENZLL,
K H Franz 4 8O % 6170 B4 R KIS BRI . 255R $&fRikkt)s [dI-THP 100 mg, #E4% E 1.3 mg, KEIUEE/E 1200
mg, JHEEE 120 mg, T/KZEE 9mL, FEEERZEM (pH 3.0) 21 mL, 0.1 mol/L NaOH BFWUEE (I pH 2 5.5)] #4511
dI-THP ETS #4508 (20.1+1.1) mL, PR N (85.8+0.9) nm, Z40EEHRECN 0.0824+0.003, BHFE N (81.7+£3.2) %.
dI-THP ETS 24 h H)Ea47 A Bz i BRI E 250 (004 (2 306.4+592.3) pg/em?, 52 Eeil7] LPS[ (2 434.24564.4) ng/em?]
TEFEER, (BLNETH [(633.1+£218.0) pg/em?] B 4 % (P<<0.05); ETS 5 LPS & [A] 5L SH A On RSD HISF- 318 4
A (2841109 %. (62.8144.1) % (P<0.05), REHFTEFEMIAIN 0. B BNLEE /N ETS 5 LPS 1) 24 h 2% th 2k 2k 14
WA HIAR SR R BB 2 319 0.968+0.033 5 0.882+0.078 (P<<0.05), KM EHEBESHENEERI /1%, &8 s
) dI-THP ETS #iPEm, WAK/NMNEE, BHRRE, AVEEBERRmAReE, IFFEERN 1%,

KHEIR: EHRCE; R, CEEENTE: pH BE 3 3hEZ0; BRI

FEDHEES: R283.6 NERFRERE: A NEHS: 0253 - 2670(2019)05 - 1088 - 07
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Preparation of di-tetrahydropalmatine ethosomes and their ex vivo transdermal
permeation properties

FEI Ya-rong, XU Chang, ZHOU Dan-ting, LIU Xiu-xiu, WEN Jiao-li, ZHENG Hang-sheng
Zhejiang Chinese Medical University, Hangzhou 310053, China

Abstract: Objective To prepare dl-tetrahydropalmatine (d/-THP) ethosomes (ETS) and elucidate their transdermal absorption
properties. Methods Di-tetrahydropalmatine ethosomes (d/-THP ETS) were prepared by ethanol injection combined with pH-gradient
active drug-loading method. Their physicochemical properties including elasticity, vesicle size, morphology and entrapment efficiency
were characterized. Franz diffusion cells were used to investigate the ex vivo skin permeation characteristics of the formulation with
liposomes (LPS) and tinctures being used as reference preparations. Results According to a preferred formulation of d/-THP ETS
[dI-THP 100 mg, vitamin E 1.3 mg, soybean lecithin 1 200 mg, cholesterol 120 mg, absolute ethanol 9 mL and citrate buffered saline
(pH 3.0) 21 mL, 0.1 mol/L NaOH solution suitable quantity (to adjust the pH value to 5.5) ], the obtained d/-THP ETS had an elasticity
index of (20.1 + 1.1) mL, an average size of (85.8 + 0.9) nm with a polydispersity index of (0.082 = 0.003) and an entrapment efficiency
of (81.7 £ 3.2)%. The cumulative permeated drug quantity per unit area (Qx) of dI-THP ETS in 24 h was (2 306.4 + 592.3) ug/cm? with
no significant difference compared with the O, of the LPS [(2 434.2 & 564.4) ug/cm?] (P > 0.05) and about 4 times of that of the tincture
[(633.1 +218.0) pg/em?] (P < 0.05). And the averages of RSD of the Oy at each time point were (28.37 + 10.9)% and (62.83 = 44.1)%
for the ETS and LPS, respectively, indicating that the O, fluctuation among samples of the ETS was smaller than that of the LPS (P <
0.05). Average correlation coefficients of (0.968 + 0.033) and (0.882 + 0.078) (P < 0.05) were obtained for the ETS and LPS
respectively when their 24 h permeation curves were fitted to linear relationship, indicating the permeation of the former was closer to
zero-order kinetics than that of the latter. Conclusion The d/-THP ETS have a high elasticity, a suitable size, a high entrapment
efficiency, and enhanced and stable percutaneous absorption in line with zero-order kinetics.

Key words: di-tetrahydropalmatine; ethosomes; ethanol injection method; pH-gradient active drug loading; transdermal absorption
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HEEHZ £ %K (dl-tetrahydropalmatine, dI-THP)
NSRRI REREMIESAZR Corydalis yanhusuo
W. T. Wang HJF M 25 b S2 U — ARkt A
ZHEAMEH, —H ZHTIRKRE HEmERH
bb— M B 2508, "TRfkdm . IR, TR
F MG BRI PEIRN, X8 2 975 B 7 RUCR
BB, dI-THP H iR b 3= 208 AR S ULE 2
oy e2y, miE A BmiE RS Y,
Ja WA U SR A o AR — PR R KA
BAEAE, UAEERRRCPRR M 2GR, B AN R
AN =g e ) VA AR (EP P NE-~Y-3 7R )
KBEWRHNE G, KRR ZENARZE S
A2 014 K HoR R M E, BA SR
WA AR AH IR T dI-THP W b7, K
WHEHE R EZ2H40.173 mg/em?, X5IERIER
R (40~60 mg/d) FERCKZERS, [Fit, K
dI-THP il & B4 HFI S, 5 5 5% i 1 Il @t A2 4
] 327 B b AL A O 2 PR B B A 38 9 R ik 92 0%
P, i dI-THP B4 RS 3E N, 18 B FUHRG T
MR . BEFR (ethosomes, ETS) s&2—MEHE S
WERE (—MN 25%~35%) WIS G2k, =&
AR 4R (liposomes, LPS) 2 —, BB HYIE
B ARG, RN AN 3F B R AT
LA R — P R R R
A, AT LA A B2 R B IS, B R B
PRI, (G A8 ETS RS2 M AN B 14 3G 5 22 ) AR
T, B 5505 Kk, # ETS A& 2594 IS
RN IR, AE AR AL EA, HATA O ETS T
FHARN, ERVLHIE AR G EE; BT/ G
WEFAR L REEFE (dI-THP ETS) IBFRIRIE. N
WS4k dI-THP (1932 B W BE, A 52500 3 il
% ETS V&R, RAEFA RGBT, FF5%
A7 )32 B R SRR
1 NES5MH
1.1 143

LC-2130 mROBUMH A, LC-2030 S AME
&, P RERFABRER AR Xtimate Cig £
(250 mmX4.6 mm, 5 um), H IBRHE A PR 2 A 5
Nano-ZS90 ) & WO B kL AL (DLS), JE[H
Malvern A F]; 85-2 HURAEEME Jihidtds, LT
BAER AR AR FG2 (845K pH if, | igHERRE)-
FERZ A AR AT JEM-1200EX BUZE S HL 712
W (TEM), HZ Jeol AF]; HOMOEX-25 ik

B A, AR R A IR AR BS124S
B R, EEZEZ R AR 5804R VR B OL,
85 [E Eppendorf /A7]; XL2000 i/ HE#HAL, FH
Misonix A#]; TT-8 BUZWiE e RURAY, KidETH IE
BRHA R A HARIEES, Higekseimt
HH AR A A
1.2 KA SR

K HRBERE (sbPC, VESTZL, BEARHEARGL S
NEEE B B & =70%, #t'5 SY-SL-170103). JH
B (CHO-HP, #t'5 B40936), i U HikrEEzy
BEARAR: 44K E (VE), #it'5 MKCD4493,
Sigma A #]; dI-THP, #t%5 CAS10097-84-4 S;, M
HARIMADR AR AR d-THP XS, &
I3 %099.8%, L5 110726-201617, [ € 5245 A
EMFLPE; K OEE, 5 20160908, KEFHERR
WEERFIA IR A E] ;. B, fAikal, 32E Honeywell
A#]; HPLC HZK AR HAR A8 Hr 4l .
Nanosep &/0ik4aE , BEEMX 7 FFiE 10 000,
2% [ Pall /a7 ; BB R BRI 1h % J5£(0.1.0.05 um),
YL[E Whatman A ) .
1.3 4

JEVES SD KR, A& (180+£20) g, M,
FH L B 24 K 22 s ) S e Fh O ARl SERR B
FVFATIES y SYXK (#7) 2013-0184, SEEEIE
FEYFANE S SCXK (I1) 2013-0016. FiAE s
B 35 42T R B2 245 K 5 B A A 3 RS FH A8 me AT o
2 FHESER
2.1 HIFIPEHREENE
2.1 R KREERE A “2.1.27 BUNRSIAHE
fift dI-THP % HRh,  FRHCHI RR— 8 03 R VA
T 200~400 nm PAKTEHE N S5 RFRIFLE 280
nm At dI-THP A — e KRS I, i itk K HPLC
For I
2.1.2 (i Xtimate Cig i85 4E(250 mm X 4.6
mm, 5pum); VAN EE-0.1%B KR (7
3) AW (H=4H pHER 6.5); AHE 1
mL/min; KK 280 nm; #EiR 25 C; ©EBHE
HHEFE 10 pL.
2.1.3  XPHES S RIMECH] RS FRE dI-THP X}
MBS 109 mg, BT 100 mL B, FFHEVAMIE
EA, 153 109 ng/mL HX B il TR
2.1.4 XA H]  RSERI 0.5 mL di-
THP ETS £, BT 10 mL &5, InAHE, &
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FEVAR G I e 2Y, B BTS Bl S id . B
F1 ETS FEdh, [RVEM] &2 ETS fHHl iai.
2.1.5 LEMERE BU2.1.37 TR X R G i A
WEREIE Y55, S “2.1.4”7 TR ETS AR 5 s
525 ETS SV, 40 ald% “2.1.27 TR ik
AT, DR EIEE, SRILE 1. EiRm%
8, dI-THP W% RAF, CREARTHZ)0N 8.2 min,
R T

dI-THP

dI-THP
B

0 2 4 6 8 10
t/min

A-dI-THP X HE V5 B-dI-THPETS C-7¥ [ ETS
A-dI-THP reference substance solution B-d/-THP ETS C-blank ETS

1 EEMRAEGIEE
Fig. 1 Chromatograms for specificity test

2.1.6  FRUEHIZEZH] B “2.1.37 TR XSRS %
W, FRRERR SRR T BV, % “2.1.27
T a1 S5 A 53 EAT 40 AT, 0 5% dI-THP X R (3
U T AN o ZRPERIHSE KB, dI-THP 1E 2.75~
109 pg/mL WA (4D HHFREKRE (O ZH2E
RIFEMIKER, BIEHGTFEN 4=10.107 C—3.325 4,
r=0.9999, n=6.

2.1.7 HARTREFRAETH &%, EMEA
K% (RSD<1.8%). HIA¥E% E (RSD<2.0%)-
HERAFE (98.3%<<[HILE<101.2%). FEMIEEE
P (RSD<1.8%) VLA iA R AE 24 h AR E
P (RSD<1.0%) HWFFEERK.,

2.2 ETS. LPS S5ET58&I%

2.2.1 ETS WI#l4  JI-THP MIIRGER H DR E N
02~0.6 g (HF#H), (H2HEYR HERIK,

KA I 7 B UA 6.59%13), AT LA, 3%
B #7025 A SEEE H 3% B2 B 10 mg DL E & RIETRII
250 WKW € ETS H I dI-THP iRk E N

3.3 mg/mL, # il FE R FR AR, 7R W] 52 130
VAT 45 2 B 55 45 245 R IR T RRUK I8 B TR Y H 07 R
.o {H/2 dI-THP I AERESZ pH EZ BRI, K
pKa N 6.49+0.071), {EN—Fh £k, pH {E L
FHIF, BAEK YRS BT VA R 3 A [RI, ETS
X2 LA A R R, A SCERIRIE ETS
VIG5 IE TR R S AL S A D). i
SR ARRA 2R T pH BAE EEhEZAEOAR, @
R pH K AL 4% ETS, 3k 1M 1 = 4K AR ) pH AH
ATPEm 2 E . SR, pH EFHA AT AR K
%, Y pH HET 6.0 i, DESMKAAY dI-THP 7§
Mg, WA, RA pH 5 3.0 T
PR ERE MR AE N KA, pH BR FE 2254 A K AH
pH EIAZ 5.5, BT ETS 259 E F ] Lk
£ 80%, [FIS A WP i RIERIETT T2

4b75: dI-THP 100 mg, VE 1.3 mg, sbPC 1200
mg, CHO-HP 120 mg, Jo/KZEE 9 mL, FrERRLE
Mk [CBS, pH 3.0, 0.2 mol/L AR 41 k-
0.1 mol/L FIFTEEBRVA (8.22 : 31.78) JREW, Wi
10 %121 mL, 0.1 mol/L NaOH ¥# i & (i pH
% 5.5,

K CBEFEN-pH 6 E B3 25 kAT 4%
K5 FREL sbPC. CHO-HP. VE, B T/MEMrh, =
I T FHToK QR 1S 2IEEER CAEPD: 5
U CBS OUKMD, BTNk, EMIHEET,
2.5 mL {FEHEEEHAELL 0.9 mL/min KRR
BIENAKMS, fFAVAHEN RGeS
min, f5725H ETS HAAIRER . TR BT
JE I SRR R ER A2 ZIE (0.1. 0.05 pm, % 3
7O, WIS E ETS IREWR. A ETS IREW,
TEWESIFE T IO dI-THP, #25¥iai)s, 1 0.1
mol/L NaOH ¥ A7 ETS VR E M pH {HZ 5.5,
7E 40 CNUEE 1 h, ENF5 dI-THP ETS.
2.2.2 LPS iy#fil#& 4b75: dI-THP 100 mg, VE 1.3
mg, sbPC 1 200 mg, CHO-HP 120 mg, CBS (pH 3.0)
30 mL, 0.1 mol/L NaOH & & & .

KRR A -pH A6 FE £ B3 25k AT ) 4%
F5 % PR dI-THP VE. sbPC. CHO-HP, B T-Bett
o, BN 30 mL &R, IRIBAEAE. A
MR % 500 mL AR, BefsZ8K% (40 'C, 50
r/min) 2 h PABRRVER], IIA CBS HZZ A8 IR AT
M, KA 5E 4 5 FH R 75 40 A R OGRE 75 b 38 (T s
PR BRI F 0, ThHE 22 W, BRIR S s, [H
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B 20s, 36 ), A3 G TR ER BT R8T R R
g2 ZI B (0.1 0.05 um, % 3 ¥X), ] 0.1 mol/L
NaOH ¥ AR 2 pH 2 5.5, 7f£40 CF
E 1h, BIfE.
2.2.3 [T# Ctincture, TCT) B4  4bJ5: dI-THP
100 mg, /KL 9 mL, CBS (pH 3.0) 21 mL.
WZEERIEKZEES CBS, B TFREMAS, A
dI-THP, {EWLIiHE T, 5.
2.3 ETS 5 LPS LM RAVZERIE
231 BRUES  REUD B AR R R
i TR, 2 RFE IR 2, H 2%
B IR ISV M 2 min J5, 2R YA IELOR 2,
BHIEmE LS TRy, H8R5T, £ TEM
NI
232 BUENDE CSRAMEEE 1B T IE .
L “2217 BURARALHFH )T H ETS BEW, BT
R R s, AE 0.50 MPa VSR R H @
0.1 um L2 BRI R ER A2 P Z 55, 123% 2 min [
P AR, R A DLS Wl i 15 B iR AE, 1%
LR ARITFHE#EFE 2L Celasticity index, EID PR
HAp RN

EI=FX (rv/rp)?
r R S BERRIRIAR, rp A RS IRI A2 2 b 2 B LA
F 92 min 5 H IR B AR

L “2227 DU ARAFHH R LPS IREW, % I
SR E LPS M5 BEANFE S35 AT I 2 3 1K
233 KARMGE B AR R S DAl K AR R
10 £%, F DLS Ml F rikifse 5 2 4 s #(PDD,
PR EZIE 3 K.
234 QHEFNE LLHPLC 4G B0kt
ATMENT Ky % IR RE i 200 pL, BT HIERS
OEWN, BTAEHEC GHXEG /13 000X g, HH
FE 4 °CO, WEEAHAMKAE, # % 10 mL &,
CLRBIAR B 2 K2R E 200 uL F£ 5, BT 10 mL
s, AR EWIL, DRI E . $%92.1.27
TR 2 EE dI-THP (R AR, AN ARAE #h
&, HEIMKM S IR ERE S 2R, % Rt
HAEE,

BLE R = (Ws— Wea)/Ws
Ws 200 pL gL dI-THP WIf, Wea NANKAHH dI-THP
B
24 BUMRRIESER
241 EHUEER TEM R 0LE 2, dI-THP ETS 5

2 dI-THP ETS (£) 5 dI-THP LPS (%) & TEM
Fig. 2 TEM photographs of dI-THP ETS (left) and d/-THP
LPS (right)

LPS 34 LA AR 1) 2 FE N 3, KN AR d42,
HIEREDNS

2.4.2 FEFETE  ETS 5 LPS ARSI & 45 5 W%
1, PR IR S b e 25 R B, ETS 19344 KT LPS,
ZE R E (P<0.01).

243 BHE, FIKAS PDI ETS 5 LPS fudf
E, Pk 5 PDI FIE S R WK 2, GaRY
Bm, RAR IR, WA A E K 3.

2.5 BAREKSEIFHEER

251 BAEERRHIE B SD K, WMATEL
Tk BRIVE,  SUMEM FHARSE T, P62 0 B FL B
#1 dI-THPETS 5 LPS R MEMELER (X £s5,n=3)

Table 1 Elasticity measurement of dI-THP ETS and LPS
(X £s,n=3)

W Bk EAm  (p)? BFHEAARY/mL El/mL
ETS 145.6+2.1 2.1%£0.1 9.5+0.5 20.1£1.1"
LPS 111.2+0.8 1.2%+0.2 8.31+0.3 10.2£0.3

5 LPS g *P<0.01
*P<0.01 vs LPS

% 2 dI-THP ETS 5 LPS WA H K, TR RES5 PDI
(X £s,n=3)

Table 2 Entrapment efficiency, average size and PDI of
dI-THP ETS and LPS (X *s,n=3)

b AEEY% P 4% /mm SF-#) PDI
ETS  81.7%32 85.8+0.9 0.08240.003
LPS 798422 83.1+0.6 0.089+0.005

A B /\

1000 10000 1 10 100
FifE/mm
3 dI-THP ETS (A) 5 dI-THP LPS (B) B9kI12 5%
Fig.3 Size distribution of dI-THP ETS (A) and d/-THP LPS
(B)

1 10 100 1000 10000
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ZIEHVEHE M ER, I T ARBY T LR B 1)
B, BFRBRIETE KRBT, O AR B AR
MR, FR KA UEAZ, AR KT
@, SR JE FTIRAR 3R 1 G e F, BT g,
-80 CA, #H.

252 WHIRACH] K 0.9%4HER/KS ZEELL 80 ¢
20 HIELBNR & 355], BIfEE iR RO (R &
TR . RSB FREL dI-THP %8 5 10.00 mg, &
T 100 mL &, hnid &2 JERBGRIE iR 5t 2 2
PEZ), 193] 100.0 pg/mL (1) I8 5 i 259 o

253 BEAEAEMINE  SRAH HPLC WllE, il
FAFR “2.17 TR,

H “2.5.27 TR A RE A A 29, DA BRI
MRAEGE, F2RVPTEIRE (O X
W5 43 AT C T 34T, 03% dI-THP [RUETHIFL (4D,
22 B 11 YA 73 B A9 WSO b 245 U TR A v i
LTTEN A=5.8254 C+2.0685, r=0.9998, n=
5, F W dI-THP 7£ 2.5~100 pg/mL 5 ISR 2 B
PTG R HAD L E AR T H 2B 8RB &
254 HiEKREERAR U LPS 5 TCT fEAZ
b, K Franz ¥ #ith %5 %2 dI-THP ETS 1214 5 Jik
BIEMEDS, AR R R R T =R N RERE, 5
A& RN IR e Tt S Ea otz /], Rk
B THTEA A g R ORI AN SOt fE, HER
WG ) S A L T 5 R R 3 B (M 56 A i, 7K
WIREFEHITE 32 °C, W RIRE IR E Y 400
r/min. P 30 min J5, A% EEFNHI7 0.2 mL,
A, RIS RETEN 0he T 054 1. 2. 4. 8.
12+ 24 h BN TE] SHURE 0.2 mL,  FE I M In &4
R SO o 1 25 s B FIRE A B0 (10 000
r/min, 10 min) J5, HX 10 pL EiE##AT HPLC 43
Hrs TR, AR HEARAE B 2R T S 250 R =R
255 B RABBEADE (Q) FITHEK
On-t ERMZH] 55 n ABTE A Op (pglem?®) #2280

it

n—1
0:=(5Cs+ Y. €% 0.2)/0.785
i=1

0.785 ANBIEA BRI (em?), 5 it B4R (mL),
0.2 NHHFEAETR (mL), Co NEE n ANBTIE] S0 259 5
BREE (ug/mL), G985 n /M) 22 B H AN ] 4
YR EWRIE (pg/mL)

PAS S [B) 1) O WAL, BFIE] ¢ SR AR HR
A FHIFIN Qu-t MZR, 25K 4. HIFITE 12
h 5 24 h B[RS O, 739N One 5 Ouas EidE
W2 3, dI-THP ETS [] Qw4 52 HUHiIlF LPS Jo i35
ZE 5 (P>0.05), {H2299 TCT 1 4 £ (P<0.05);
dI-THP ETS [J Qui2/hF LPS (P<<0.01), {HZ KT
TCT (P<<0.05). ALLHE AT ETS 5 LPS #il7+H %]
4 SE AR T WA o R P 11| DS S N O M 2
A 12 h 5 24 h X[ Q0 ¢ AT S A, 53]
MM ERIHRRE ri2 § ras GRNE 3, ETS
() 124 2 KT LPS (P<<0.05), 1 125 LPS Tl
EZS (P>0.05)0 X&)% ] 21 0, THE
RSD, F-53 7l v 5525 il 770 B A B[] SRR~ RSD &
HAremZ (SD)Y, T LBV % Hl FIRE S ) O,
IR s tE L. 455 %E M, ETS. LPS 5 TCT & ]
FUFETE] O, RSD WIF3ME 53 1 h (28.4£10.9) %.
(62.8+44.1) %5 (57.7+23.5) %, FW ETS £

30001 —ETS
1 ---res J
2 400 .-
. o -.-.TCT ""'o
= 1800+ l——‘
(.) ’
on - ’I
= 4
< 1200 >
S 1 P!
6004 | T
o Sl .I I “I

t/h

4 ETS. LPS 5 TCT &Y Q.- Bk
Fig.4 Qn-t curves of ETS, LPS and TCT

%3 ETS. LPS5TCT £ 12h 524 h NAYBEEKEESH (X £s,n=4)
Table 3 Ex vivo skin permeation parameters of d/~-THP in ETS, LPS and TCT at 12 h and 24 h (X £s,n =4)

eJ7 Oma/(ng-em2) QOc24/% 24 Om2/(pg-em2) 12
ETS 2306.4+592.3" 64.7+£21.2" 0.968+0.033* 1039.2+363.6™ 0.892£0.111
LPS 2 434.2+564.4" 63.7+£18.8" 0.88240.078 1790.3£347.4 0.874£0.137
TCT 633.1£218.0 178+ 7.8 — 571.6+633.1 —

5 TCT tb#: "P<<0.05 "P<<0.01; 5 LPS #: *P<<0.05 *P<<0.01

"P<0.05 "P<0.01vs TCT;*P<0.05 *P<0.01 vs LPS
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[ Q. WL LPS 5 TCT HI/N (P<<0.05)
25.6 ZMBERBIER (Q) WITHHE K Ot HIZEH)
gxtfl N RS R B ERIRR, A
THE S I TA] S5 Qo

0:=0.785 O/ W
0.785 RVBEA ML IRIR (cm2), W %17 L REAAR
ez B

DA [B] 1) Qe NNARKR, B [E] ¢ AR,
LA RIHIFIN Qe-r M2k, S5 ILE 5. 24 h B H]
R Qe 1IBA Qeaar AEITHIFIKIEHE WK 3. 57K
W], dI-THP ETS [#] Qw24 5 LPS LR EZE R (P>
0.05), HZ18 TCT 1) 4 £ (P<0.05), Qe24 Lt TCT
HRERS, SHIEF (647121.2) %. (63.7+
18.8) %.

100 -

80

60

0ul%

401

204

0 .
0
t/h

5 ETS. LPS 5 TCT #J Q.- Bi%k
Fig.5 Q. curves of ETS, LPS and TCT

257 Guitirik FrAERE DL X £5 FoR, 5L
FLECRH SPSS 22.0 B A4t BT Bm d AT B R 21
ZEAYHTER ¢ K256 o
3 Wig

ETS fEMES . A5 450 B8 LS 2%, H'E
Mk & ITER S, et 5E SR, 2 MR
RIARAR NP2 B2 25 25804k, Re {25 313k K IR
Ab, S%T ETS (103 B ALH] B ATA 82 R, f4E
BIEEHALE] R AR T R A AL S BRI o 0 R R

A[19]

=¥ o

ARSI R LR N-pH BA B 32 30 3% 25751 4%
1 ETS, LZfEH, BHIEESRL, EIA (20.1+
1.1) mL, “Fi¥kiEN (85.8+0.9) nm, “FiyE
RN (81.743.2) %o PR ETS JEJK % &M
REMICBEN &, ASZIG A ETS U# KT LPS, A
WEEWZER (P<0.01), XFECHH A7 A DAHE
W 2L (PN AT DA 35 4 v R o BV i i, axmy
e RN NR A7), HUELIC T i T

(355 HEp) A 09, ETS w8 B5 i — % il 78
30%~40%, HHFFRMET O EEENRE
A, KT ETS M52 PR AP0, ARSEib e BETS %
m AR ART pH EShEGHEARRMH .
U6k, dI-THP ETS & RRLAR IR H 257 53 Bz SRV B
LA .

B AR R BB E AR, ARSI D e A
dI-THP ETS k&R, (1) dI-THP ETS 1)
Ona N (2306.4+£592.3) pg/em?, 5 HHI7] LPS
[(2434.2+564.4) pg/em?] LRFEZEF (P>0.05),
{HZ1N TCT [(633.1£218.0) pg/em?] (K] 4 % (P<
0.05), # ETS W& | dI-THP W& KBk E,
HAE & & 1 B ok it i AR BR AT 2 T 1
dI-THP HiZE & . (2) dI-THP ETS 5 LPS fr i
[ 5 On RSD HIFMES AN (28.4£10.9) %.
(62.81+44.1)%, H ETS F it (8] #123% &K 3 LPS
/N (P<0.05), HARREEKEERE. (3)
ETS ) ra B3 KT LPS (P<0.05), F£W5 LPS
FHEL, ETS KRS EERFEE N5, HMa
KB ERFETFF4., (4) dI-THP ETS W) Qs 210
TCT i) 4 f% (P<<0.05), B 24 h KIZ5¥ I k&R
tt TCT A &, FHRBHIFILA RN (64.7+
21.2) %, Won TR EKRARIHZE. Fit,
dI-THP ETS 7£ 24 h &BiE® FRE S LPS LR
Zwt, (HA2H TCT A W&, Wik, EEEkE
FIEE EIPPARE . RE R — S DL B ST 25
MR E RSB HAE dI-THP IR K SR 5 A
RUFPIRIHAT R . — I CRIE FIWT TR IRR B, AEER
T LPS 5 TCT, ETS J& Iki5i2 FF 2L i (] K Ad A 51
AR,

AWFFHT dI-THP ETS WIEZS S 3 Rl &
B2 e BSAR R RIBIE VRS T AT T WPV, AE
Ja S T TR AT 2530 8 5 2 U IR T A b
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