¢ %% Chinese Traditional and Herbal Drugs 35 49 % %5 15 2018 £ 8 A

© 3625

AR B B O 6 R B SNB BT 5%

VU IR 2252 B, DU)IT AR 610041

7 E: BR H& ARG (PBG-T) B, BRILAMEHMBERE. ik RAMR-ES 5#ukfl 4 PBG-T,
B R S-S A AL PBG-T &7, 8 IERRIEM A PBG-T #ER ML 7 ME X Franz 3 #0545 PBG-T i
AN AT RO . SER PBG-T MIRALAL T T2 8 A1ESHEE (PBG) 10.0 mg, /g 700.0 mg, Z1LALEE-80 91.5 mg, #AFS
BFA] 13 min; PBG-T BRI S T7 N RIEM 1%, Hl 5 %; Pl %1#3 5 PBG-T K FN (79.88+2.26) %, F
YpRifR N (125.64+4.54) nm, Zeta BN (—30.97+1.13) mV; PBG-T HtiZ 12 h [ EFUBIERAN 70.0%. Z5i¢ PBG-T
BT TERE 1T, HAaTLLRSE PBG RSN IR, Hmdt BABER,
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Preparation of plumbagin transfersomal gel and investigation on its transdermal
penetration characteristics in vitro

MA Shan-shan, ZHANG Zhi-feng, LV Lu-yang, ZHANG Ji-zhong
School of Pharmacy, Southwest Minzu University, Chengdu 610041, China

Abstract: Objective To prepare plumbagin transfersomal (PBG-T) gel and investigate its transdermal penetration characteristics in
vitro. Methods Plumbagin transfersomes were prepared by film-ultrasonic dispersion method. The optimal prescription condition
of PBG-T was selected by central composite design and response surface method. The formula of PBG-T gel was optimized by
orthogonal test. The Franz diffusion cell was used to investigate transdermal penetration characteristics of PBG-T gel in vitro.
Results The optimal prescription condition of transfersomes was determined as drug 10.0 mg, phospholipids 700.0 mg, Tween-80
91.5 mg, ultrasonication time 13 min. The optimal prescription condition of transfersomal gel was 1% carbomer 940 as gel matrix,
and 5% glycerol as the humectant. According to the optimized prescription, the entrapment efficiency, the mean particle size, and
Zeta potential of PBG-T were (79.88 £ 2.26)%, (125.64 + 4.54) nm, and (—30.97 = 1.13) mV. The cumulative penetration rate of
PBG-T gel was 70.0% at 12 h. Conclusion The optimal preparation technique is stable and feasible. Transfersomal gel features a
sustained release in vitro, the transfersomal gel can increase penetration rate of plumbagin through the skin of rats.

Key words: plumbagin; central composite design and response surface method; transfersome; gel; transdermal delivery; orthogonal

test; film-ultrasonic dispersion method
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PBG NZEE /N FALED) CGHHXT 4> TR E N
188.18), HAMEAT /K. Ak, ZHtte., faEht
Zy BRSSO R PR T AR IR R E
IR . fRiB e — PN & R a2iadk, BA
H AR R BOSE N, PSEM . et
=, BRI A BTN T2, EANE
B A 2RI 5 A A BRI H R R
ORI R, 2 KSR B L4 R
Ths e N RN, DU iRy PBG HIZ i 4h
24k, REIINZiRa ek, G 2R AR TR A
S ROBIERE, A REASRNE. ErtE, B
J BRI, G TR E OCRSAE R I R, BRI
BERIINL o AEIBARNE AR, AME T IRIRAE L
kb, AR AR R R 2 RAE TR a5
B, AW FAEAL LR F SR oK H3E— 25 ) plikt e
PPN ] 9 =008 s <o) P G Pl o
PE, BB IE R, T BRI A e g 25
Gy TFRRAE R EE R ASLIR B VOB IR IR 256 &L
By PBG il 46 ALtk (PBG-T) #bfik, HEHAk
AMBIBERIE, N PBG & [ 45 23171 T KL LS
IR
1 XE5H

Waters Acquity UPLC"® H-Class # & 300 (1
WEAY, J5[E Waters A7) ; R-201 ek 78 & 2% . W201D
TR K B, B F AR AR AR SHB-III
TR Z HRZE, MR TR AR A
R, TR s A BR AR JY92-11 B
BRI RENL, TP 2 R B A R A 7 5
Nano-S90 I g Kk 420 2 4, JElE Malvern {28 H
FRAF; RYJ-12B 299058 fegolie iy, g
ik AR AR AH] .

PBG, BT, XS &5 80>98.5%, i
JF B4 EU>95%; URREIE CR ), i &5 $0>99.0%,
BR %%, #it5 2017051501, RECHRTRIE L2 A R
A FILFLEE-80. FAL-80, AR T RHE LA
BRRAF; #FLE-100, AT AR TAF
RUEL C B, [ A RAARAR s Sh. fi
Fik . LS T e i al, B RHE A 2 S
BIRAF]; B EORAHH PRyt al, Figrutk
R AR G A RA T WMWK, JHEEK
BT iRHE R A .

MU, HEME, ARTE 21~23 g, IWHEK
HOILM SIS YA PR A F]

2 FAEEHR
2.1 PBG-T HI#IE 5%

K FH -0 7 A i, 4% Ab 7 = FREL PBG.
WiAR. RILZLEE-80, B TRISHImN, SIHEM7,
37 CF, WUENEZARMRISHIER. I 10 mL PBS
(pH 7.4) ¥, 55 ‘CTF/KA 60 min, VKKBIRK
A COAERW: T/E2s, mE3s), KRG
0.80- 0.45 0.22 um JEMEIELL, BI43 PBG-T REK -
2.2 PBGMNESZEMEL
221 @miE%MH @R Acquity UPLC HSS Cig b
(100 mm X 2.1 mm, 1.8 um); FEIAHFEE-/K (75 :
25); Rl 267 nm; FEiR 30 C; AAFURE 0.15
mL/min; #FEE 1.0 pL.

222 0RO FNRE SO A RS SRS &
PBG XfHE &, HWEEES, 192] PBG X HE AW -
HY 0.5 mL () PBG-T {B&, I 10% M H7iE £
TG, R, &0, BCEEREE 0.22 um
JEMERITS PBG-T FE bV o RIVEH 8 25 A& I R
HRVET -

223 TR 4% “2.2.17 TR G S
PBG Xf i, PBG-T ¥ i S B 10 HE I (211547 9,
SERWE 1. SRR, FEAEOREE S EE T, B
PEXTIRTE T3, # UPLC & BAE, J7iEn4T.
224 AEMERRMFEL FHERI PBG XT MM
10.0 mg BT 50 mL &), WHEOER, 85, 17
JR R T 200 pg/mL IR Sl . 4 PR R
R EIRE N 0.2, 0.5, 1.0. 4.0. 10.0. 20.0. 40.0

PBG
A

)

0 5 10 15 20 25
t/min

1 PBG Xm (A). ZBEEEE (B). PBG-THm (O
#J UPLC

Fig. 1 UPLC of PBG reference substances (A), blank
transfersomes (B), and PBG-T (C)
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pg/mL ] PBG 7. 1% “2.2.17 WU i & 4E 2
WA . DURBEIRE (C) AYMER, WA (L)
MM RR AT A IR, BRI R C=6X
107 4+0.124 6, r=0.999 6 (n=7). HHELH,
PBG 7£ 0.2~40.0 pg/mL B BIFMZMH X R,
225 REEAERLS  BCHREWREY 2000 10.0.
1.0 pg/mL 1) PBG X HE SRR, AN B VA%
“22.17 TR OSSR ERE 3 0k, BEH 3 IR, S
%€ 3 d, A PBG fIH A RSD F1H ] RSD. 5%
KM, &R EIR LR H A RSD 437108 0.18%-
0.46%- 0.28%, HI&] RSD 4354 0.43%. 0.42%-
1.04%.
2.2.6  IFEFEIYCERRES  IREL 0.5 mL 7S ARk 9
Uy, 43R 3 4, IINER PBG X RS, T 10%
MhbriEaE e, HEEER, mlE. B KEERE
(20.0. 10.0~ 1.0 pg/mL) [ 3 HEW, % bk
W5E PBG VETAR, THEIAEREIER . 455 P30 nke
SRS 38 101.2% 99.7%. 101.0%, RSD 434l
N 0.41%. 0.36%-+ 0.99%.
227 FaetEe Xt . BRI
I (20.04 10.0+ 1.0 pg/mL) [AFaE AT %452,
SYHEE 04 3+ 64 12, 24 h #E47 UPLC #&:, &
WETAR, T PBG & & RSD fH. 3 Pt &L
[P0 B SR R PBG W THI AR ) RSD fH 43 51 N
0.22%- 0.45%. 0.83%, KW PBG IFWAE 24 h WA
A R rIfeE .
228 EEMAK B PBG-T02mL, % “222”
T i PATHI & 6 17, 4% FiR 753205 PBG V&
R, S5 R &R AT PBG BiE 7> 1 RSD M 1.06%,
HEMERIT.
2.3 BEHERANE

K FH A SR BEEERAE D 8 PBG-T HELE 2, HL
0.5 mLPBG-T F#¥, DAEESF/KBEN, 7»EH &2
FEIBARFNE B 259, & HAL bR B R, F 10%
MhbriEmE e, HFEEER, 80, W EEREN, i
HAEBAR P EE 2R (W), [FIRRE 0.5 mL
K AR PBG-T IR EW, % “2.2.27 TR J5 0 E
PBG-T 25 8&E (W ), #HARITHE PBG-T [
A%,

AR =W /Wy
24 BEZREZRW
2.4.1  HIBSAFIRER: 1G] EER 2 0 R &
fik . BEPR LG Tk B2 &4 &4h-FlE 20 D

VEREIEN TR, S RILLEE . BEFR . KL
RESSIANREAL JFURL 58 AV i, &A0-FEE (20 D B
BB A JFURL A A 52 4, (H R ET HH L4 /N R AR A7)
Ut B e R AE OB ) R AR R RO, B R
BIANRE 70 /b & B 51 TR s AT RE S AR B/ MA
FUR i JERL S 0 i, R R R &) — 8, 2%
FRF . R, ARSI F A A IR 77
242 KERERERE 5% 35, 45, 50, 55.
60 CHEAKEGIERAT T HE WK, HKE
TREAN 55, 60 C il £ (12 (4L 3 A TR B —
fag, BAt. BRI, PBG KIS L
MRt R, RIS 55 CHEAKEIRFE.
2.4.3 NZEWHIFBER BRI #E-80. Fil
FUTE-80 VENALIB RIS, 58Kk B L= it -
80 Ml Zkim bl a5 2, LR ILALEE-80 Ay
AGIEWFIAE R Roe iy, HitikefE
L Z4HE-80 Jytfill s A s Ak 1) 2G4k 77 o

2.4.4 R ENIIRIERS  DaEE,
Rtz RLAR A R BN AR 5 S P I 40O R AL
ThEIHEB AT BRI . BRI AT, B
A R AL Th R 3G I, AR I AR R R AR
124.0 nm ZHE/NE] 89.4 nm, PR A RE
0.245 JR/NE 0.195, 1M Zeta HLAIE 2 TR, 4
BRMIEEHET NI, GABRSRE, HEHEEA
PO W B 0 HE D 2R 2 8 20%, Bl 130 W

25 ESIT-SNEE (CCD-RSMD) it A TE
251 RIGETT ERERZELRAHEM L, &
$EXF PBG-T PRS2 M5 A 35 1) A DN R R AE N 5
R, Bz (A, BEHE (B). FiliFiEE-80
& (O). #ErE (D) fEA%ENS, KEK
RIS 54 R ILE 1

2.5.2 MEEGUEFIRN AL SR Design-Expert
8.0 B A Xt B BE 47 A BN 5N [ Ak 5 T2 Ak, 4y
BIDEER (YD HARE (Y. FifE (Y3 AR
e, UHZAE (A, BEE (B). FILEE-80
B (C) FEsErfal (D) AHEZEIHTHREE .
TR A RN Y1=10.3 A—0.031 0 B+0.124
C+0.223 D—5.03X 10> AB+0.027 2 AC+0.084 9
AD+1.45X10° BC+2.68X 10 *BD+0.020 8 CD—
0.612A*—1.90X 10 °B>*—0.01 C*—0.172 D*+16.6,
#=0.979 8, P<<0.000 1; ¥,=0.283 A—3.05X10"°
B+2.54X107° C+0.024 2 D—1.39X10* AB—
7.50X 10" AC—1.35X10° AD+2.24X10° BC+
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Table 1 Experimental design and results of CCD

%5 A/mg B/mg C/mg D/min Y/% Y»/% Yynm |45 A/mg B/mg C/mg D/min Y/% Y»/% Yy/nm
1 6(-1) 255(-1) 100 8(-1) 21.83 0.15 87.54| 16 6 645 40 16 56.28 0.23 165.20
2 9(0) 450(0) 70(0) 12(0) 5259 052 117.50| 17 12 255 40 16 4403 1.00 17430
3 6 645 (+1) 100 (+1) 16 (+1) 66.84 0.38 105.80 18 12 645 40 8 50.01 0.46 156.80
4 6 255 40 (-1) 16 41.94 0.37 11940 19 9 450 70 12 66.50 0.51 122.20
5 12(+1) 255 100 16 26.28 0.39 9224 20 6 255 40 8 60.99 0.38 110.50
6 12 255 40 8 56.35 1.19 179.00) 21 9 450 70 20 (+2) 55.88 0.49 114.60
7 12 645 40 16 49.74 0.46 160.90| 22 15 (+2) 450 70 12 47.43 0.59 135.80
8 12 645 100 8 60.93 0.53 118.00) 23 9 450 10(=2) 12 37.01 0.39 169.40
9 645 40 68.48 0.29 17730 24 9 840 (+2) 70 12 86.82 0.37 160.70
10 450 70 12 50.25 0.43 116.60| 25 3(=2) 450 70 12 41.35 0.05 111.70
11 12 645 100 16 64.79 0.49 118.50) 26 9 450 70 12 61.78 0.49 114.30
12 645 100 8 65.37 0.39 108.80 27 9 450 130 (+2) 12 23.63 0.16 94.43
13 450 70 12 50.26 0.49 121.60) 28 9 60(-2) 70 12 4547 1.35 72.16
14 6 255 100 16 19.58 0.19 89.85| 29 9 450 70 12 70.22 0.52 113.50
15 12 255 100 8 33.27 046 88.89| 30 9 450 70 4(=2) 5497 0.42 109.40

9.62X10° BD+9.38X10° CD—5.60X 10 A*+
222X10°B*—6.85X10° C*—1.04 X 107 D*—
0.302, *=0.8833, P=0.0054; Y;=8.54A+0.212
B—1.04 C+2.25 D—0.013 9 AB—0.050 7 AC+
0.037 9 AD+1.66X10"* BC—1.63X10* BD+
3.63X10° CD+0.178 A*—5.98 X 10°° B*+4.05 X
107 C*—0.834 D*+59.2, #=0.8736, P=0.007 7.

XS FERR AT T ZE 00T, P AEZS R ETAL, Ys
You V3 SUBAIG I EREE (P<0.0D), &&
VE I3 BT K TR A7, F Design Expert 8.0 3/

BLEZ%

&2

ZflNE P, WL 2. 2981, 5% PBG-T fI
RAbTT T2 PBG & 10.0 mg. AR 700.0 mg.

Rl A4HE-80 B 91.5 mg. A} [A] 13 min.

253 FAAT TERIRAE AT T2 &
PBG-T, #E 5k, WHRHNMESLAME, tHHw
7 w22 = (FME- S e )/ E], S5 R I#% 2.
I 2 AT, 8 b (1) TR0 AN S A 22 580/

Ui BB RTS8 TRV I A () 2 A R e W L
A & KR S4ebr 2 MR, TRNELF, &
T PBG-T 477 TZ R

R

Fig. 2 Response surface

R2 FUNESEMEMLE =5)

Table 2 Comparison on predicted and measured values (n =5)

Eizga THAE ShrE W% /%
I 2/% 79.57 79.88 0.39
HAR/% 0.52 0.51 -1.92
Hri2/mm 129.30 125.64 -2.83

2.6 PBG-T TEZHF|FMHRER

2.6.1 Riff. Zeta ALMIIME  Frfd PBG-T NHAR
IR, BHNELT o SRAYIKKLE K Zeta HAAL 5
FrcilE PBG-T [F~F¥kifE. Rifg A (PDD Al
Zeta Fif7, FHE 3 W, BCPHME. WEHE-FERE
9 (125.64+4.54) nm, Fifd5r4m 5508 (0.226+
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0.004), Zeta HIAI A (=30.97+1.13) mV. fEififk
IR AL T IES AT, At WL 3.

2.6.2 FREMEREE CREiEd&H PBG-T RE
WEE . WA, 2 AES 0. 104 204 30, 60
RIS R IN, AR 23 b5 % %2 PBG-T £ 4 C
P INE 60 d FifaEtE. 45K, PBG-T /£5
60 KIBIREN (4.131£0.71) %, BHILLZALTT

/\
[\
/\

\
—.

1 10 100 1000 10 000
Fift/mm
/f\
|
\
I
[
[
\
)\
-200 ~100 0 100

Zeta LA /mV

3 PBG-T FIJRIEH Zeta B D TRIE

Fig. 3
Potential of PBG-T

Distribution of average particle size and Zeta

T. 2143 PBG-T £ 4 ‘CZ4A N RasE it
2.7 PBG-T BERHIHIEZ
2.7.1 PBG-T #HEfR S5 0B i il & FREUEER
B HH, I EDNE R 2 E TKH, EIKIE R (12 s
R ERREA, AP IR S, Hn=2
W% pH N 7.0~7.5, $iPEH5), B9 AR
PBG-T R&EMW 5T &R 3 1 2 WHLHRE,
BE¥ 5], RI43 PBG-T BtiK . FREX PBG, Ml 50%
LTV R ) 28 S AR s A B S5 2 I i VT
AR 302 KBRS, BB s), Hifg
PBG i B 7 .
272 ERCIRE AR SCHRRIE! Y, et
AR R S M A S 25 (P B TR (D BT & (BD
TRBEATH AR (O, R3] (D) fEABREXNS,
HZREAKF IR 3. LR AERBERE (Q,,
uglem®) SAFEHR, S IE AR 6 0778 1 330 A vk A 51
AT, SRIE 3. T ZESHT IR 4.
RIG R K 8 5 B\, LTI 0, T LA
EF] 20,01 pglem®s MARZE ML, ARBERI I
R, HUGERIBERH AR, B
AN, mARAEHN ABCiDso T ZESTA R, %2

*3 EXHERITEER
Table 3 Design of orthogonal test

T A B/% C/% D 0,/(ng-em™?)
1 RULA-940 (1) 1(1) 5(1) 3%IMEE (1) 19.91
2 R 1-940 (1) 2() 10 (2) 3%EME (2) 9.54
3 FE-940 (1) 3(3) 15(3) T (3) 19.36
4 HRHEEAHRM () 1(1) 10 (2) T (3) 19.11
5 RERTHERM ) 2() 15(3) 3%IHIER (1) 15.49
6 HRHEEAHRM () 3(03) 5(1) 3%EM (2) 13.69
7 FRNEHEALER (3) 1(1) 15 (3) 3%EM (2) 13.68
8 BRREFRAF4ER (3) 2() 5(1) I (3) 20.01
9 RN EA4ER (3) 3(3) 10 (2) 3%IHEE (1) 14.37
K, 48.81 52.70 53.61 49.77
K, 48.29 45.04 43.02 36.91
K; 48.06 47.42 48.53 58.48
R 0.75 7.66 10.59 21.57
T4 HEDH KZ B. C. DX RHBEERAREMTN (P<
Table 4 Variance analysis 0.01). JHZ, %FE?'J@%'J%UI%%%?EEH?, Eﬁ%%
WAOKUE TR A R R )7 R RREE-940 1%, Hl 5% AM{EEH.
g 13222‘5‘ i 1041;(1)32(5) . 273 RAFRK  HoRtERTT ABC\Ds, BRI
c 18701 6 5 1900149 P<0.01 18-940 1% ¥l 5%, % “2.7.17 WUN J7 ik & b
b 78,5010 5 7975038 peoo] e EHE 3 UGEEPHURK, 115 PBG-T K

F0.01(2,2)=99.00

O, 13 IR i AME, 4RI 5.
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Table 5 Results of verification test
F5 A B C D Q/ugem?) 0, fH/(ngrem?)
1 1 1 1 3 36.11
2 1 1 1 3 35.86 36.14£0.76
3 1 1 1 3 36.46

2.8 INERKIBIE LG

2.8.1 EAARREZRIEIS BN RS R Bt
B, FIEEEICIG R, OB TR 42
FUMAE, FAEBEERKMTETE, BT 4 CUKFEHR
1%, 1E24h WAEH.

2.82 FERSCIGTIVE R BSAR R ] E T R S
Fe B b, HOR R R AIE, LA 30% 1) PBS
(pH 7.4) WG, TEIRKI 37 °C, 1B1TH
J# 400 r/min. K 0.5 g BRI BN AELh A, 5 RITE 2.
4, 6. 8. 10, 12 h B ZWGlHEEE 1.0 mL, &
PR JE S BN R 458 37 CHRIZ ARG, 12 h
JaH ISR . SRR FELEZR . B0 0.22
um JEREE S, 1% “2.2.17 TR i E 24
Y, tHE O, IRAIBEHEE (J, pgrem >h ).

n—1
0,=(CV+ Y. CvA

i=1
J=(d0/d1)/A

C, NEIFEIR 8] f ot rh 25 Bk &, C & IURE
I BORE VR SRR EE S 1 A0 W 23 39 D B b A BRI R 4
R, A R BOER (2.8 cm®)
2.8.3 MSANBIEML LY RERBER AP
b, BFTEDOBEARPRIEIE], 42t PBG 1) RS IE%-
W tiZe, UL 4. 32 Excel % S25s Hdm g7
MG, 2B TS Quadratic Model #5174,
Bl 0=-0.371 4 £+7.233 6 t-+1.446 1, r=0.994.

80

704

BRIBIEE/Y%
[T R N S -
T T 2

%)
<

—s—PBG W iE B
—*—PBG-T ¥tk

_
<

2 4 6 g8 10 12
t/min
4 2 FRERFINGYISIEHE (n=3)
Fig. 4 Drug permeation curves of two kinds of gels (n =3)

PBG @B A1 PBG-T e 12 h # O, 20519
(33.8541.13).(36.1420.31 Dpglem?, J 43 5 4 2.82.
3.01 pg/(cm™h), JZ P BB ki B B = Rk
i EERY B Al (037£0.02).
(0.5240.01) pglem’, 25 EFUBIER (AW
BIER = RBERMEHE) RN (65.6+
1.8) %. (70.0£0.8) %.

3 Wig

AT 5T R FH -8 75 4 02 ) 46 PBG-T il 771,
HAHFEARRTES (REZI) 2015 FRRER (>
80%), KIfRI&HE, MBS . L RRE%
iR I, DARE-80 1 NiILgiE AL,
BRI R EH R, BEERK. AR
RO, SEACEMTATE (HLB ) /N [E 2 i v
FULE G A S5 K ISR R A RE I AFE R 3 % 5
NI 3 3505 A8 UISEAH ELAE B8 1 K/MB A 2%
SPU, F#5-80 () HLB {89 4.3, EASTEIRGR, At
% 5 PRI PR 25 5w G PR TR AR R, PLAL AR
WoF ZE50, &R . 15 (L2 EE-80
[¥) HLB 54 15, SR/KMERGE, DAH NIhZis )
il %) PBG-T B Fm, faethe.

FEIBARBE IR 2 AR, B Gds 2 2 1
HEMTE. ARSLIESR T HEE. O, SN, i
IH-100 FIBL AR, MBS FE AT UPLC MI1545 5k
F MH0E-100 RS NAIR . A SCHkRE, M4
WA R — E R, At 5XUZ SRR AR 5 T
TEBGRA A, BRI RN, BUh 4
YIRS B AL MR —, BTG
VI G R O™ A A B . —ARIE LR,
TG 1 2 D AE K i R ARG, AN R R I
FECLI IR &, SRAMM RRETER
/NP1 PBG MARETEZYY, N T E TR AL AR
RANG ROBE N RUR, RLE S B — e S Re 7111
BN . AT PBG fESH —EEHHL
YA 7R B BV T VA TR R R A R, SIS S5 IR
KW, TEEH 30%LEIEHARF, PBG MK
i P55 BB 15 2 25375 e 47 BISi  F 75 FR) DR 2% A
R, f&iEFEE 30%4 0 PBS (pH 7.4) VA
YE R

PBG 8 Bt A I Rz SR R 5 4 /NS 2 IA B iy
KiBiEZ, M PBG-T HIRIEL 4 /N 1) RIBE S
N 50.6%, FERFEEIEIN, 10 h FIEKETFLE, 12h
KB KBIESR, H PBG-T B 12 h ) S ki
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B (0.5240.01) pg/em?, & PBG B

BT R B (P<<0.01), W] PBG-T ##Ji bt i Ak
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