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#H E: BRY #4 D-o-4EE R E B2 FF 1000 BEHAERER (TPGS) B FE R E A ARk KL (TPGS surface-modified
bergenin solid lipid nanoparticles, TPGS-Ber-SLN), HHE&IMINREA R OIRA S AT N FiE KA SRS RS &
TPGS-Ber-SLN. DA 3 28\ 4125 s FRLAR N o8 5848 An , 180 B0 (K] 35 % %2 25 & Box-Behnken ¥ 1H-{R1 1% (Box Behnken design-
response surface methodology, BBD-RSM) i1t TPGS-Ber-SLN 4b75, FHil 4 Bk T4 K . X BRI R AT5H% (X-ray powder
diffraction, XRPD) FZRAMEIIE (differential scanning calorimetry, DSC) 7M1 3R 1E TPGS-Ber-SLN % F# Ak
PAETEIRA, IBENTEIEH 5 TPGS-Ber-SLN TEA R/l F R AE L. LUE SRR IERIZAS %, W TPGS-Ber-SLN 7E/A A
AT N A RRAEIFI R . 4558 TPGS-Ber-SLN ffE4b 77 T2: A AR E RN 40 mg, HAEREER H il & 525 mg,
IR VDI 188 FREIKE N 17.5 mg/mL, TPGS FREMKE N 0.2 mg/mL, ¥JFkEN 9 k. TPGS-Ber-SLN P EiZR, #
i, ke M ¢ AN (83.16£1.09) %. (4.97+£0.13) %. (229.46419.07) nm Fl (-15.67+0.23) mV, #As Rzt
FEFFE Weibull B84, MR35 45 R IR, TPGS-Ber-SLN [ tmax K ZE (2.0710.43) h, tiz IEKZFE (4.21+£0.78) h, Cmax
FUAEYIRI > HIR A 3.91 4581 5.34 1. &858 TPGS-Ber-SLN 535038 T 5 AR MZAB AT N, BT DRk 2k
YR B
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Formulation optimization of TPGS surface-modified bergenin solid lipid
nanoparticles and oral bioavailability study
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Abstract: Objective To prepare D-a-vitamin E polyethylene glycol 1000 succinate (TPGS) surface-modified bergenin (Ber) solid
lipid nanoparticles (TPGS-Ber-SLN), and investigate its drug release in vitro and oral pharmacokinetics behavior. Methods High
pressure homogenization method was used to prepare TPGS-Ber-SLN. Encapsulation rate, drug loading and particle size were taken
as evaluation indexes, single factor investigation method combined with Box-Behnken design-response surface method was
employed to optimize the prescription process of TPGS-Ber-SLN. Lyophilized powder of TPGS-Ber-SLN was also prepared. X-ray
powder diffraction (XRPD) and differential scanning calorimetry (DSC) were employed to analyze the state of Ber in lyophilized
powder of TPGS-Ber-SLN. In vitro drug release behavior of TPGS-Ber-SLN in different pH media were investigated by dialysis bag
method. Using Ber suspension as control, pharmacokinetics behavior in vivo of TPGS-Ber-SLN and oral bioavailability was
compared. Results Optimal prescription process of TPGS-Ber-SLN was as follow: Ber dosage was 40 mg, glycerol monostearate
dosage was 525 mg, poloxamer 188 mass concentrations was 17.5 mg/mL, TPGS mass concentrations was 0.2 mg/mL and
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homogenization times were nine times. Average envelopment efficiency, drug loading, particle size and { potential of TPGS-Ber-SLN
were (83.16 +1.09)%, (4.97 £0.13)%, and (229.46 +19.07) nm and (—15.67 = 0.23) mV, respectively. The drug release process of
TPGS-Ber-SLN in vitro accorded with Weibull model. Results of oral pharmacokinetics showed that tmax of TPGS-Ber-SLN was
delayed to (2.07 %=0.43) h, ti2 was extended to (4.21 +0.78) h, Cmax and oral bioavailability were increased to 3.91 fold and 5.34
fold, respectively. Conclusion TPGS-Ber-SLN significantly altered the pharmacokinetic behavior of Ber in vivo and increased its

oral bioavailability effectively.

Key words: bergenin; solid lipid nanoparticles; D-a-vitamin E polyethylene glycol 1000 succinate; pharmacokinetics; oral

bioavailability

HHAZE (bergenin, Ber) & —HREH KA
wEYy, TEAAETREER. 2R R84t
YN, ENAMTFRR, A EER BT
AR BUR. MR, PO B EORYT.
WSR2, HAE AR AN, B IR BT 24 v
H a5 ARERIR T AEMZH WV K248, fE 25 C
FVEARE N (1.37£0.02) mg/mLB, /7K 43
ZH 1IgP N—-1.060+0.033~-1.190+0.0448], #z4K
WS, SR AR A P M SR T TR R AR E
BAERNE SR A N AT R AE BRI R, B fidtid LBt E pH
EI T ANEREY,  HAZz P-WEE F AN E H 2 6
BUE B3R DIREM R ALY 4.83%0). HAlE
FI3¢ 3= O AR BUARD, B S &0, BiFLe
LS FIHTEORIRIE . HEAR > HUR IR AR E S B
KR HEMERE /) K P-FEE B AMIHERISE: BilRR &
YIAE B i h s 5 KA, AT RE e I 3 Rl
TEH: B EOR T ERINRE RS A, 47
E—E Rz,

I8 1 fig J5 49K R Csolid lipid nanoparticles, SLN)
e AR AAE s 2 A v D 26 I o A g i A
TR MR R G, BARS 2L S ImIER
TRk (RELYIIR AR, SRR 15
SRR FA0OM, H SLN [ fase MR T R s k12,
D-a-4i4 % E WL 1000 BEHIFREE (D-o-
tocopheryl polyethylene glycol 1000 succinate ,
TPGS) Je— MR s 7 R EE A, AOCH B T4
ISR . SR PRSI Ed 2, T BT
FIH] P-4 £ PS4, AT R T B 254 1 ik
WSS, A FURE A S 3 ) 4% B TPGS 2 1
1& 1 [ 4R fig 5T 49 K ki ( TPGS  surface-modified
bergenin solid lipid nanoparticles, TPGS-Ber-SLN),
RO ®255 = O VK ESAL (=1 i i BRI b s
454 Box-Behnken & it-&MTiiv%E (Box Behnken
design-response surface methodology, BBD-RSM)
Ak TPGS-Ber-SLN 4b75 L2, NETfiffr M4 24

HeF TPGS-Ber-SLN il 5 ik T4, H%%¢ TPGS-
Ber-SLN T M &S24 AR N 23047 N, NG
BEZTRUE VI BT S SR
1 {UEEE#H
1.1 {3

BSA124S BYHL 1R, 82 FIMRL =AU A R
Iyl 1100 B E OB (it A, SEE Agilent A F]
HI-3 BURE TPk, N T A6 AR s A PR A
Al; RCY-1400T B REVE HIAX, TR R ERIA R
AF]; RE-200 BYJielt 78 kAL, IR EIRA A
KL-060 B8 P AN 28, IRYIITT R 78 P i s 4%
HIRAT; CGIB60-70 HYsns =5 FH iy R AL, #B
PN BEREHUR B & IRA R XLW BUHHMKE KRS, 1T
5K H BB A FRA 715 LGJ-10N B L 255 T-HL,
e BRI R R A B A 7] s Topsizer R0t
KLEE BTN, BRIFEERSE ALER A TR A F] s JEM-2100
FEH TR (TEM), HA®B RS,
HS-50AA RUEIREIRAE, Fifg H B SLi & AR A
7]; D8 Venture Y X S 28K RATHAX, FEEAE
X2 A F]; DSC-HSC-2 R Z /R & #vX, JbailE
ASEI RSB IR AT ZX-DC BIEIWRAL, dbH A
AR AR A
1.2 k5

FHEEZEAES, #5 JwW10533, FES
98.6%, LB AEMFIHEARAR: HHERE
B2y, s 191208, s 7%k 98.0%, WidLHT £k
TAHRAR; X AWz AL m a5, iS5 100018-
210615, JREDH 99.4%, 1 [E AR ET R
Bi: Wil2 (LS C12747030). DUE kg (Ht5
C10303495), iz itk BRI AR AF]; HAH
feme H M EE (L5 F1821057). 3K £ —F% 1000 4k
# E JRIMREE (TPGS, iS5 T124208), iy T ik
7 CEi) BIRAF: KL (JitS 20200921).
BtiR 2. ls (b5 20200322), [H 244 FLAR7 A
IRATE; KE#iE, fits 200718, LifgdH kiEZ
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BHERAR; JHEVWH 188 (Hit'5 WPEESSTE,
MEEHRARARD; B (iS5 1912200, HER
B (b5 201028), M FAEAVIRIFAEIR A,
HoAhARF I A b4k o

1.3 )

SD KR, fAFi&E (220£20) g, WM E,
T 1930 mE Sh A S i ot [ ATE S SCXK (74 2020-
0001 ], 45 2H 256 HH MR R = 451 o TRIFRIRE 9 20~
25 C, MHAHEE N 50%~65%, S EdEMN 15
BTN, GPATAEE R 12h, HHTOK. ¥
B PN B 7 5 2 i S5 R AR DR S B ) AN
R MRE, R4S 3R RN,

2 HEEER
2.1 TPGS-Ber-SLN g9l #&15.17]

FE 3 FREL 40 mg A EEE A 100 mg KGR
ZRRBH, A 10 mL PIERIRE 5T 75 CK
WL 1R 1 h (800 r/min) ZEEE, JE KRR
VUSRI, i N &b T B i [ A R B A 10 mL 6
IKCEEFEET 75 CARMH, BEZI4i+E (800 r/min)
) 10 min 2 RETHE A HAE. Bl & — e i &
W RE BIAIR VDU 188 K TPGS HI/KAH, sKAHARFRA
50mL, BT 75 CRKBEHHL MG FA VA
SN KA, dREERE 718 FE 20 min (800 r/min),
FT—wB RS T RER, BET-10 CikFEHAE
J§ 15 min, i 0.45 um FRALIENEE, *MIDZETEIK 2 50
mL, B3 TPGS-Ber-SLN & &K
2.2 TPGS-Ber-SLN FEHEFRZEZENE
221 s e ik Diamonsil Cg £ (150
mmXx4.6 mm, 5pm); RPN 275 nm; FEA
30 C; WmshHAHEE-/K (20 : 80, FufiEgif 17 pH
% 2.5); EBRREN 1.0 mL/min; FEREARFR A 10
pL. BRI A LA B3 FETHAMIE T 6000.

2.2.2 TPGS-Ber-SLN ALl MIECH] K% &
HY 1 mL f] TPGS-Ber-SLN Vi & % 50 mL &,
TAZ) 30 mL FHEEEE A 5 min GEEAS IR 250 W,
WEE Ny 40 kHz), AW EERRE, 1R G 0.45 pm
TRFLUENE . FEZFEES mL £ 10 mL &4, A
B AFRE, BN TPGS-Ber-SLN itk & «
223 HAXEXESIFRPIES] REERICE H
SEE AR L 20 mg & 100 mL &, A% 80 mL
FH i 68 75 Y i GREL S TR Dy 250 WL A% 40 kH2),
IO R ZIRE, RIS E 3200 I it &
CFEIREE N 200 pg/mL).

224 LZMXRRER SHREEEIURERRERN
200 pg/mL A RN RGN TR B4
Tic 1) B85 B3k 4 10,00, 5.00. 2.50. 1.00. 0.50.
0.05 pg/mL I RFINTHR SA, 4% “2.2.17 iR &
WARAFINE, PLA ASERET BN AAR (YD, T
BEIRENMARRR (X0, 1REIHTFEN Y=17.666 2
X—0.045 8,r=0.999 9, 45 R B 5 LKL 0.05~
10.00 pg/mL Z6VER R R .

225 LEMELE I OAse SRS, 5B
HUA A 322060 B8 TR TPGS-Ber-SLN it i i
WA AR e, AR IE 1, WI0ss SR PR
KX E AR O~ ETH, YRS

A
“““ e =
B
N
C
o 3 6 o 12 15

t/min
B 1 =A#HH A. EEXEMRBR
TPGS-Ber-SLN # (C) i&i&#) HPLC &
Fig. 1 HPLC of blank material (A), bergenin reference
substance (B) and TPGS-Ber-SLN sample (C)

226 FEHEEHELE HL0.05. 2.50. 10.00 pg/mL X
MR, % “2.2.17 TUN G 4000 Bl s i
W5E 6 K, THEASE HAEREMRM RSD 737314
0.68%- 0.12%. 0.16%, &5HEWPIIIEET RIT.
227 FBEMEEE HL1{ TPGS-Ber-SLN Ji &k,
¥ “2.2.27 TR AT 6 4 TPGS-Ber-SLN
BUR A BOFEREI E, 4% “2.2.07 TRtk
Sy AHERENE , TH AR A FEE R R IRER RSD
0.89%, ZERFHZITIEREZMERL.

228 fawt#g  H TPGS-Ber-SLN i i i
W, BT =R GRE 25 C, @ 55%), 45T
%J5 0. 24 4. 8. 12, 24h BUFE, 4% “2.217 Wi F
RS o RN S, TR SR G AR
RSD v 1.45%, &5 W3R ARSI AE 24 h ERE
PER TS

229 MFEREIRFEFELE  FEEEHR 05 mL 1)

(B) #
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TPGS-Ber-SLN VR & E T 50 mL &, P47 9
By, NG . w3 A, AN SRR XTI
i A OFUERIRFE A 200 pg/mL) 1. 2. 3 mL,
&M “2.2.2” WURJ79%55 mlii & TPGS-Ber-SLN (1)
PRV, 1% “2.2.17 TUN R SR e A 1k
ROE, IMERABAXE N Fnes RN
101.54%, RSD A 1.58%.
2.3 TPGS-Ber-SLN &K HHERINE

¥ %5 BB TPGS-Ber-SLN JR27 1 mL ZE#ijE
G CPIYEEE AN 7B E 12 0000, T4 CT
12 500 r/imin B0 (0454 6.8 cm) 20 minlel,
WERIE, 1% “2.2.17 TN G2 HIE i B4
KEME (M pa). F%EI TPGS-Ber-SLN R &
W1 mL % “2.2.27 BUF AR EiR “2.2.17 T
TEEFMANESARRSE (M ). EERI 4
mL [ TPGS-Ber-SLN VR & T-50 CTi% 1d J5 &
FRRETHLP (—40 C) HEET, HEHE,
5 1 mL 1 TPGS-Ber-SLN J& Bk 254 SRl
SRR (W ). 5 TPGS-Ber-SLN A ds 3 & #;
2.

BEHR=M s—M yz)/M 4

WABE=M 2—M )W
2.4 TPGS-Ber-SLN fuf2 X ¢ BALAYNIE

K2 5B TPGS-Ber-SLN V& 0.1 mL, fnA
FRIBKHRE 40 %, #85). B4 mL B T DUTHE Y
Bt MLl 52 TPGS-Ber-SLN Hi4% & £ 43 Bt 3k
( polydispersity index, PDI) 18 . HUH ¥ 5 1
TPGS-Ber-SLN V&S & 4 ¢ AL L RS,
WsE ¢ HAL, ~FATIIE 3k, BCFIME.
2.5 TPGS-Ber-SLN &5 TR
251 [EXEREMERER LHHXRBAEN
40 mg, [E A AR 2 500 mg, &L 188
HIKE N 15.0 mg/mL, TPGS JHEWKE AN 0.20
mg/mL, ¥JJE 71 80 MPa, HRIREN 6 Ik, %
S [ &I TR 2E %t TPGS-Ber-SLN FIS2I, 455 W,
L 1. R ER, 5O R H B e IR R AE L,
BATE HE AR H G #1753 1) TPGS-Ber-SLN HA X 4%

F1 BESERMAEER (X+s,n=3)
Table 1 Investigation of type of solid lipids (X £ s, n =3)
BRI R R %o HZE%  Riffnm

B fgRsHMlE 79.90+1.42 4.914+027 250.75+13.47
XURE g Hhils 73.68+1.37 4.424+0.20 245.13+12.04
T G TR 57.03+1.68 3.45+0.21 307.86+27.88

B R AR, TFRIAR BT U R R
TS #7531 TPGS-Ber-SLN, {H 3 2 876 & 35 1
Z5% (P=0.152 8>0.05), [Kitt, &£ fgRgH
TS AE 9] 4% TPGS-Ber-SLN [ 25 15 7 -

252 HWERHMEEHENESE HOXRRY
940 mg, FAEEER H B N E SRR, W&
188 Jii BV 15.0 mg/mL, TPGS i &EIRE N
0.20 mg/mL., ¥ )5 i /324 80 MPa, 45 R ECH 6 1%,
2542 BN I IR H I s F =X TPGS-Ber-SLN  [1)5%2
M, S5 IR 2. 5B, TPGS-Ber-SLN fudf %
W o B el e A e sG] R K
R R T m s, (HEZ R0 AR H
TR A E RN 2R RS N EES, ke R
A NE KGR R S B R =
BUNKIAR I TPGS-Ber-SLN 4b77, ik iatfi i g H
THiEE F B AE 450~600 mg AT 1AL -

F2 HEEREHIEAEMNESE (X+s,n=3)

Table 2 Investigation of glyceryl monostearate amounts
(Xxs,n=3)
R WEHR%  HAE% Kiftinm
B &/mg
400 61.82+1.63 4.31+0.17 270.76 +19.80
450 73.17+1.67 5771023 237.12+23.74
500 78.78+1.08 4.93+0.21 255.61+18.42
550 80.64+1.36 4.53+0.14 271.50+20.93
600 8297+1.54 4.42+0.18 283.69+17.45
650 83.20+1.54 4.50+0.19 293.07+18.11
253 KU 188 IKREMI 5 H SRR

i8N 40 mg, FAEAERR HMERHEY 500 mg,
TPGS Jii &K & 4 0.20 mg/mL, 35 [k /74 80 MPa,
BIRECN 6 IR, EEIIS DI 188 Ji =Kk LT
TPGS-Ber-SLN [5m, 2553 0L% 3. 450 EoR, b
F IS 188 i &Ik FE M il TPGS-Ber-SLN £
BB E BN E NG, BrDUE s
TS VDU 188 R T3 ot Z k2, (Hii& v
188 H &I K AT gt T3 A AL 25938k A oK
FHES, A R & T . TPGS-Ber-SLN
WiAZBEAE & VDU 188 i f R FE I In s 22
#, A WA 188 KX TPGS-Ber-SLN
SR, JE BRI B E 12.5~22.5 mg/mL i
Tt

254 TPGS EREMELR HOXERAEN
40 mg, FEAEARER H R A &0 500 mg, THIEVDUE
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3 JRKIVIE 188 REREMNER (Xts,n=23)
Table 3 Investigation of mass concentration of poloxamer
188 (X+s,n=3)

THIB VDU 188/

WEZEY  HHEY% K4z /nm
(mg:mL™)
10.0 68.43+0.98 4.07+0.15 363.82+36.75
125 75.12+1.39 451+0.16 310.76+28.69
15.0 79.08+1.72 4.90+0.18 253.701+20.85
175 81.62+1.06 5.01+0.23 232.46+16.72
20.0 7753+1.47 462+0.17 221.83+12.61
22.5 73.81+1.75 4.30+0.14 210.51+13.87
25.0 67.04+1.66 3.87+£0.10 211.23+10.46

188 i ¥ E oy 15.0 mg/mL, ) JE /124 80 MPa,
BIFIRECN 6 Ik, %% TPGS EIRENT TPGS-
Ber-SLN [z, 53R WK 4. SR ER, k)7
NS TPGS I A3 28 [ # 2 AHAHEUIG, B35 TPGS
JR B R (39 i1 TPGS-Ber-SLN 135 #4245 &%
WIS R, RS RIRETE A . nTEERE
T TPGS K4 H B TBH1E TPGS-Ber-SLN % 2 5%
KIZZP Mgz lo, i fe e ek 4 migin; (H
TPGS H it ki, TPGS KA 2 [a] O HE /7 H B A%
7 TPGS-Ber-SLN SR B B, T S 224tk % -
T TPGS i &K A 0.2 mg/mL i AR AE 24
AN R, KRN T 250 nm, #fiE TPGS Ji
IR AN 0.2 mg/mL.

255 HRENMHER HHERBHERN 40
mg, FLAE TR IR H il FH &4 500 mg, JHI& VDI 188
JREWE NN 17.5 mg/mL, TPGS Fi&EWE N 0.20
mg/mL, ¥JRIRECH 6 IR, FEI5 5K % TPGS-
Ber-SLN gz, SR N#E 5. Z5R 8RR, HFE
J17E 60~80 MPa I % TPGS-Ber-SLN 35 2 Fl14;
4R IC MR, (HE J)iA %] 90 MPa i R
ke BB RSO, TRER I 1

F4 TPGSREREREE (X+s,n=3)

Table 4 Investigation of mass concentration of TPGS

(X+s,n=3)

TPGS/(mgmL™) @H K% HAE% FifEinm
0 70.60+1.04 4.071+0.11 193.25+11.92
0.10 72.77+0.99 4.21+0.14 199.47+18.14
0.15 75.85+1.28 4.84+0.10 213.26+17.56
0.20 79.18+1.32 4.93+0.12 227.61+14.92
0.25 77.68+1.59 4.61+0.13 266.40+22.71
0.30 74.361+0.97 4.26+0.09 282.51+24.04

#=5 BIREIHNEE (X+s,n=3)

Table5 Investigation of homogeneous pressure ( X = s, n = 3)

YR JIIMPa U 3E1% #AE% HifzInm
60 79.861+0.91 4.97%£0.11 324.57123.67
70 81.04+1.49 5.03£0.20 268.66119.50
80 80.93+1.18 5.00+£0.18 236.741+13.28
90 77451094 4.72+0.15 228.084+10.89
100 73.27%+1.44 434+0.09 261.43+15.67

AR R B R, AER TS FRIEH A B2 R
BE KA AT F#A T TPGS-Ber-SLN ()3 3% e 3%
ZitE. WM EE S Al TPGS-Ber-SLN Fiff H
PSRRI SR DRI, i
[i5] 5% ¥4 53 & /1749 80 MPa.
25.6 BFIREMELE HAXRBAEN 40
mg, AR R H S & 500 mg, JHIE VU 188
JFREWE ) 17.5 mg/mL, TPGS JFREWKE N 0.20
mg/mL, K S8 80 MPa, 5 %234 i iR Bt
TPGS-Ber-SLN [y, 2558 WK 6. 455K R, B
IR UCE BN TPGS-Ber-SLN 35 5 14 24 &
PIRPUE NG TR, MR R T R R .
Yt B B 5 vk /b st 22 1 45 %+ TPGS-Ber-SLN [f)
F IR AR = AR, 5 SRR RS IREE 6~10 IR
AT

w6 HIFURBHER (X+s,n=3)

Table 6 Investigation of homogeneous times (X = s, n = 3)

BREE BER%  BAE% KiAtinm
4 7794+1.01 4.77+£018 351.12+28.21
5 78.07+£1.73 483*0.16 276.90+23.75
6 81.84+145 504+0.13 233.10+17.62
7 82.17+0.89 5.02+0.19 218.44+12.83
8 81.40+1.07 497+0.12 203.65+10.99
10 77.26+0.91 464+0.13 240.76+14.06
12 71.08+0.95 421+0.16 281.27+17.48

2.6 BBD-RSM ffi1t TPGS-Ber-SLN &t /5TE
26.1 WRIHTE SR F R R FAE AR H
TSR VIR TD U 188 J5 BRI B AN R Hnt
TPGS-Ber-SLN $2M4 K, o i HAE v A A2 &
X1 Xov X3, #/KFXE WK 7. BBD-RSM 1/ H
AR, FAEMRAENATRR, BIE IR
B Y1 Yo M Y N TR B B R m i 3 L 34
AN B B/ NRiAE ) TPGS-Ber-SLN 45 T2, ¥
3 AMMEAREH— b EE,
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JH—1& Coverall desirability, OD) it idfEN
O FME LG EITH AN dnax= (Mi— Mumin)/
(Mmax— Mmin); @K% 42 1HE AN dmin= (Mmax—
Mi)/(Mmax_Mmin)’ ;H\:EP Mmax%” Mmin %%Uﬁiﬁﬁt%
Mg K R m/ME, Mi HEfr{E; ®O0D=
(dad+di) ¥,

53 i % TPGS-Ber-SLN, #4%HET 3 P

175, HCOPIME, 4R WNET.
2.6.2 BAG . BIELT TZRE RA
Design Expert V8.0.6 #0795, 15
OD Jif£: OD=0.93+4.03X1073% X;—9.21X103
X2+0.04 X3+0.08 X:X2+0.06 X1 X3—0.29 XoX3—
0.51 X12—0.28 X22—0.29 X352,

T ESNEE R (£ 8) HoR, BRI P<0.0001,
R2=0.992 6, R.?=0.983 1, KTl P=0.057 7>
0.05, Ut BB 4 & FE R R . OD i AEH Xas
X1 Xon XiXs BFREMZER (P<0.05), XoXszv Xi2
X2 il Xo? BN EEEZR (P<0.01), ZXH/EH
ARSI DL 2, T S — R, Bl A 2
& REIRE. HESURED Mg SE oD
BRI RSN EaS, KA BBD-RSM 1L
1k TPGS-Ber-SLN Ab75 T2 2 JEH 21

TPGS-Ber-SLN seff:4b 7 T2 9 5Um g i H
fis 524.71 mg, VDM 188 R EIKE RN 17.2
mo/mL, ¥RRIRECH 8.72 k. HEE . HZGE N
BTG S 59y 83.87%- 5.14%A!1 224.37 nm.

#* 7 BBD-RSM HIZIT54R (n=23)
Table 7 Design and results of BBD-RSM experiments (n = 3)

F5  Xdmg Xo/(mgmL™?) Xz Y% Y2/% Yalnm OD |JF5 Xudmg Xo/(mgmL™) Xs Y% Y2/% Ysnm OD
1 525(0) 175(0)  8(0) 80.96 4.91 234.80 0.918| 10 525 17.5 8 80.77 5.08 234.78 0.964
2 525 125(-1) 10 (+1) 67.43 4.01 269.24 0.191| 11 450 17.5 10 64.49 422 278.04 0.140
3 450(-1) 125 8 65.36 4.26 256.68 0.247| 12 525 225 10 68.22 4.07 286.18 0.192
4 600 (+1) 125 8 75.67 3.97 300.14 0.083| 13 525 225 6 75.63 4.53 248.84 0.637
5 525 17.5 8 80.30 4.89 223.69 0.947| 14 525 175 8 82.16 4.90 226.93 0.971
6 600 225(+1) 8 7743 411 269.18 0.385| 15 450 17.5 6 65.88 4.37 294.64 0.161
7 525 12.5 6(-1) 66.76 3.92 278.25 0.000| 16 450 225 8 63.92 4.11 241.47 0.000
8 600 17.5 10 7521 3.98 289.36 0.178| 17 600 17.5 6 82.14 4.39 30156 0.000
9 525 17.5 8 82.74 4.99 24516 0.920

*=8 AHENH
Table 8 Analysis of variance

WERIE CPHM O HEE B FE  PE |RERE FHM BEE ¥WH FE PfH
R 2.36 9 026 104.14 <0.000 1 | X12 1.08 1 1.08 428.94 <0.0001
X1 1.30X10% 1  1.30X10% 0.05 0.8267|X? 0.34 1 034 134.27 <0.000 1
X2 6.79X10% 1  6.79X10% 027 0.6192|Xs? 0.37 1 037 145.21 <<0.000 1
X3 0.01 1 001 493 0.0418|%%k%=E 0.02 7  251X10°3
X1X2  0.02 1 002 9.49  0.017 8|k 0.01 3 480x10% 6.03 0.0577
XiXs  0.01 1 001 523  0.046 1| 4axfiR%E 3.19X10° 4 7.97X1073
X2Xs  0.34 1 034 134.38 <<0.000 1| & AN 2.37 16

Xs

7~ 4875 Xu/mg

0. 9.0.9.0.0.0.0.¢ U
‘q:ozozozq:{o“‘:tza‘
XXX
CRERRXRKS |
— R

— 5625

2 FEIEHEX OD EMMEE
Fig. 2 Response surface of different factors on OD value
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27 RFIZHIE

R TSR, R SR AR IR H i s FH B R A
N 525 mg, HISVLUY 188 FEIRIZ AN 175
mg/mL, SFRIKEREER 9 IR, % “2.27 Wik
17145 3 #It TPGS-Ber-SLN, % “2.3” J “2.4” 1
O EERAE, 4 lE TPGS-Ber-SLN LR, #
2y ORifE, R E & B e E S TN R 22
45 R W% 9. TPGS-Ber-SLN [ H % 424 & Joki
W2 NT £5%, Rifesri WL 3, 1) PDI
79 0.099+0.011, “¥-33 ¢ Hif7 v (~15.67£0.23)mV,
¢ HAL LA 4.

2 = (I 5 {1 — TN ) P50 0 4

F9 WIERAER (X+s,n=3)

Table 9 Results of confirmatory experiments (X £ s, n = 3)

WiH A E /% HAEI% Fiizinm
MEM  83.16+1.09 497+0.13  229.46+19.07
WPE  83.87 5.14 224.37
WZI%  —0.85 -3.31 2.27

10 100 1000 10000

HiAEnm
B3 TPGS-Ber-SLN 25 %
Fig. 3 Distribution of particle size of TPGS-Ber-SLN

-150 =50 50 100
¢ HLAL/mV

4 TPGS-Ber-SLN Y ¢ BB
Fig. 4 Diagram of { potential of TPGS-Ber-SLN

2.8 TEM % TPGS-Ber-SLN M A

H{ TPGS-Ber-SLN Ji&7% 0.1 mL, #%E 50 %
JEEMM L, FH 2%MaERmRG, BT EER
5T, T TEM FJSCKZE 12 000 % (&iJ&4 5.0
kV), BIAI 5] TPGS-Ber-SLN HITIWIERS, 45
FIWE 5, 4B EoR, TPGS-Ber-SLN JEA A /3K
BRIE, TokhiE.
2.9 ETFHEVEIE REREM TN
29.1 HTMFELATTHERNES T TPGS-
Ber-SLN VR IMAGTORYF] (LK. H R

&5 TPGS-Ber-SLN 8y TEM [&
Fig.5 TEM picture of TPGS-Ber-SLN
WHEIRAEYD, BB ERE, 50 Cl{RE K
W% 1d, BUBSZEIE T-40 CAEH TN,
A, AR Ld EEUHE T 125 10 3H TV
W, G BLEEE. 2 EHEZERE. B s
[H] KT 90 s P RR R TR ANERAR, DRI VP40 U015
R MR GE TR, YERiE . %54k
D 11, FEIKEE N 0.05. 0.07 g/mL HIFLBEAIH
Bl AR LD #IBMNETRE T RE, %
JEEARRL A B ) R, B 2R 5% LB AN H R
(it 10 1) Skifil& TPGS-Ber-SLN HT-H7 -
R ENAAER KiZ2F PDIES I8 (81.26+
1.01)%.(242.03+15.86 )nm A1 0.116 +0.021. TPGS-
Ber-SLN TRl Tk A ZE 1K ST e 7 WL

LK 6.
2.9.2 TPGS-Ber-SLN #TH#ifawetE%%  TPGS-
Ber-SLN 4 Ty % H & THIREEMA+H R
30 ‘C, /¥ 60%), 43%lF 0. 5. 10, 15, 30. 45.
60 75. 90 d HUFF, ZSTR/K IV G I E 0 3 2 AR
12, R 12, TPGS-Ber-SLN VR B ifa & %
7, AR R TR JE B R AURLAR I Sl B
A5/ (PDIE/INT 0.2), Ui W1 4% B T8 i 184
T R .
2.10 TPGS-Ber-SLN %&F##9 XRPD 5%

K XRPD %} TPGS-Ber-SLN ¥y # 4T fi 784
#=10 TSI

Table 10 Scoring criteria
S IR B E B Far

b1 N2, ERE >90's 0~3
BRkG AN 60~90s  4~7
YL T ZE, Ttz <30s 8~10
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F= 11 FFER (n=3)
Table 11 Freeze-dried results (n = 3)

VTR AR R P ‘
‘ PRI

Ly (gmL™) ARy

5 am s ?L*Tt;‘”;ﬁg " w  cr
1 0.03 1 2 3 6
2 0.05 4 4 6 14
3 0.07 7 7 7 21
4 0.03 2 3 5 10
5 0.05 6 7 6 19
6 0.07 8 8 7 23
7 0.03 4 6 8 18
8 0.05 10 10 9 29
9 0.07 10 10 9 29

A-TPGS-Ber-SLN JE& B-TPGS-Ber-SLN #:T#} C-# 1k
SRR

A-TPGS-Ber-SLN
TPGS-Ber-SLN  C-sample after redissolving by distilled water

B 6 TPGS-Ber-SLN # oML
Fig. 6 Appearance of TPGS-Ber-SLN samples
# 12 TPGS-Ber-SLN HIFREMERLER (X+s,n=3)
Table 12 Stability investigation results of TPGS-Ber-SLN
(X£s,n=3)
35 28/% Hifz/nm
TR HEH TR B HEH
0 83.12+1.34 79.98+0.89 236.17+12.32 251.13+8.64
5 80.041+0.95 78.184+1.04 241.364+18.78 255.84+9.11
10 73.58+1.11 79.04+1.63 421.44439.41 243.60%£7.94
15 64.89+1.65 76.431+0.96 840.58+103.26 259.22+9.62
30 17.12+1.82 77.04£1.04 1 322.15+244.85 255.311+-8.88

suspension B-lyophilized powder of

45 5.63+1.3575.89+1.28 260.24+10.26
60 75.97£0.99 267.19+11.33
75 76.031+1.26 270.73+13.04
90 74.82+1.38 274.86+13.92

T BUAARRIERZ . &AM, WERS
Ca AR SR EL ] 5 TPGS-Ber-SLN % T4 —
# 1 TPGS-Ber-SLN v T id & B T FE S Al o,

B P RE SR R ) R S AT . RS
9 Cu-Ko 8, 3 N 4°/min, 3/ (20) )y 3°~
45°, RN 7. FHAXRIERZTE 6.97°, 8.03°,
11.77°. 13.45°, 14.26°Z Kb F & BRI AH G i 5, AE
VIR AP XRPD i v {75 ] 300 5% 315 2 i 7Y
U, A E AR KA B NAHSRE N R . TPGS-Ber-
SLN %% T8 XRPD HE X A W82 31|25 (3 il R} A L AT
g, AOERBMETEANK, WA ARERLE
TPGS-Ber-SLN #T# 1 i B Rk AR IR K s, i%A4r
RTCE IV o

I TPGS-Ber-SLN #1451 % 3 5 & T iR fE i
i OCIEFE 30 °C, ¥ 60%), 4r%IF 0. 30. 60,
90 d HUHAE XRPD 7341, 45 R WL1&| 8. TPGS-Ber-SLN
HTHCE 90 d J5 XRPD B Rk LA AR
JER 2R AE R B0, BRI A SR R AE TPGS-Ber-
SLN T8 A LG E T B RAEAE, A H AT &
MER .
211 TPGS-Ber-SLN FF#MBIERFFEERE
(DSC) 3

BUA AR R 2 A sk IR A Ca

TPGS-Ber-SLN

PIERI ) AL N
Sk

L}l PO ke i
10 20 30 40 50
261(%)

B 7 TPGS-Ber-SLN AT ##) XRPD £55R
Fig. 7 XRPD results of TPGS-Ber-SLN freeze-dried powder

%FHr 90d
%FH 60d
%FH 30d

HTH 0d '
0 10 20 3 40 50
201(°)
El8 TPGS-Ber-SLN AFMHIRETZEMLER (XRPD)
Fig. 8 Crystal stability results of TPGS-Ber-SLN
freeze-dried powder (XRPD)
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H 3 R AR LB 5 TPGS-Ber-SLN % T8 —%0.
TPGS-Ber-SLN #T¥; (0. 30. 60, 90d) EEHE
TR A PR KA AN (ALO) NZHY),
FHE#E A 10 C/min, FHETEE Y 30~300 C.

SERWE 9, FAERERIZTE 242.2 CHIUE S
U, FEVHIR S h I RIS SE HT 42 217.8 °C. TPGS-
Ber-SLN #T#r (0 d) [ DSC K& R A B
KRR I, WA F SR AE TPGS-Ber-
SLN #TFHrh DUE e B A7 (E, 5 XRPD #iff A4
R—%, 7F TPGS-Ber-SLN #T-¥3ff 30. 60. 90 d
FEL 1K) DSC IS b A7 o H B R 24 W bée , JIE A A
an b PE R T

N\ “( H HIARER

f "V v ikt

A A e

T RETEY:
\I ZTHr 30d
YR THr 60d
7 7 VR T ¥ 90d
30 I 1ﬁo I 210 300

T/I'C

9 TPGS-Ber-SLN A F#MHIREIREMLESR (DSC)
Fig. 9 Crystal stability results of TPGS-Ber-SLN
freeze-dried powder (DSC)

2.12 TPGS-Ber-SLN {#4MEZ5ITAMR

M E EAEERLE pH 1.2 EHE/KIEW M pH 5.0
A pH 6.8 ML EhZZ T (PBS) W AR B 537
(1.58+0.04). (1.6040.03). (0.98+0.02) mg/mL,
IRt 50 mg & FSR R AEAAFA 9 500 mL ) 3 Fioksz
BRI . $4 18 TPGS-Ber-SLN &b 77 T
2l % Ber-SLN CANhH TPGS), F4% “2.9.1” Wi R
T R TR R« BCE FE R kL2 | Ber-SLN
H1 TPGS-Ber-SLN A Thidis, AR RTEN
50 mg, AN pH 1.2 $hER/KIEW 5 mL, B TiEMrE
o GRS 7 RN 12 0000, FLE. B2y
A5 A 500 mL ) pH 1.2 EHEKIEW, M RIEEN
37 °C, ¥ N 75 r/min, 43 51T 0. 0.25, 0.50. 1.00.
1.50.2.00 h HUFE 3 mL. A% %21E pH 5.0 A1 pH 6.8
PBS H &2y 1E I, HUFE S5 % A 0. 0.25. 0.50+ 1.00+
1.50. 2.00. 2.50. 3.00. 4.00. 6.00. 8.00. 12.00.
18.00. 24.00. 48.00 h. #¥Ah34id 0.45 pm FALUEME
JadbREd e, 258 MKl 10. Ber-SLN i1 TPGS-Ber-

A 100
- HHETRERZ
80 |-= Ber-SLN

8 —&— TPGS-Ber-SLN
60
%:
% 40
B¢
20
0 : .
0 30 60 90 120
t/min
B 100
80
BN
M 60
=
o
X 40 R
el - BARKERZ
20 - Ber-SLN
—&— TPGS-Ber-SLN
0=
0 12 24 36 48

t/h

(@]

RPVBEIEI%

A ERERERZ
—=— Ber-SLN
4 TPGS-Ber-SLN

10
0o 2 24 36 48
th
10 EANZEFEHRZH.Ber-SLN 1 TPGS-Ber-SLN 7 pH
1.2 EhFg/KiA& (A) X pH 5.0 PBS (B) #1 pH 6.8 PBS (C)
FERIMERBIZ (X+s,n=6)
Fig. 10 In vitro release profile of bergenin bulk drug,
Ber-SLN and TPGS-Ber-SLN in pH 1.2 hydrochloric acid
aqueous solution (A), pH 5.0 PBS (B) and pH 6.8 PBS (C)
(X+s,n=6)
SLN ¥J 222 R4, Ber-SLN 7EA[F] pH 1B IR 2
B, BN RARUE Y & T TPGS-Ber-
SLN. A HFRFEEZE pH 1.2 hE/KEHA pH
5.0 PBS "' 2 h N RBURINZ A 90%LL b, {HFE
pH 6.8 PBS H i 5 i [H] ¥ iE < AR RE SR S B B
s, ARG T A SR AR R IA h R AR R i
e,

Ber-SLN F1 TPGS-Ber-SLN 7t pH 5.0 1 pH 6.8
PBS H B2 AR T & Weibull #55¢ (5£ 13), Ui
T2 A 2 SR B OURE B 70 R E
213 ORR#AENFEHER

2131 RGBT R  BUA AR RIEREZ . Ber-



PEE P 2023478 #o54% H13H  Chinese Traditional and Herbal Drugs 2023 July Vol. 54 No. 13 = 4153 »

% 13 Ber-SLN #1 TPGS-Ber-SLN 7£ pH 5.0. 6.8 PBS fF R FE &R
Table 13 Fitting release model of Ber-SLN and TPGS-Ber-SLN in pH 5.0 and 6.8 PBS

i B2 91 it Weibull #7444 75 12 R?
Ber-SLN pH 5.0 PBS InIn[1/(1—M¢Mx)]=0.634 Int—1.576 0.962 4
pH 6.8 PBS InIn[1/(1—M¢/M.,)]=0.667 Int—1.845 0.9820
TPGS-Ber-SLN pH 5.0 PBS InIn[1/(1—M¢M)] =0.573 Int—1.501 0.967 1
pH 6.8 PBS InIn[1/(1—M¢/M.)]=0.676 Int—1.913 0.980 5

SLN F1 TPGS-Ber-SLN % T-¥ &K, KM 0.5%IH)
CMC-Na ¥R BC 0 B . HX 18 i F: SD K,
RERAEE, BN 3, 5 RO RFRE R R 1%
60 mg/kg ig %525 (LLAESRERGEID. AHXR
JERF 254143 5T 0.25. 0.50. 1.00. 2.00. 3.00. 4.00.
5.00. 6.00. 8.00 h HI%) 0.3 mL, Ber-SLN A
TPGS-Ber-SLN ¥4 K 437 34 0 10 h A1 12 h B i
A B IR B RBEEOE T, B, HU
3000 r/min &0 (B0F428 6.8 cm) 2 min, RIS
M3

2.13.2  IMZRAE S PIALERE H 100 pl R S A
50 pL X M2 FEmy AR (st KR ESY 800
ng/mL) ZEELEF, HEWWHE 15 s, A 05 mL
W PR 2006 o gk 2% e 30s, BT 4 CE LAl
5000 r/min &0 (E0F1E08 6.8 cm) 3 min, FEHL
FEANA. FEREFERER 1R, SHANAE, T
40 CiJZ T HEAMT135%E, KA 100 pL HEE
B, 5.

2133 AR ECH RS H] 50,
100. 250. 500. 1250. 2500 ng/mL K% 3% &%}
MR, &SRR 4 L 100 pL, SR ER
AHABUS I 100 pL %5 (I, RiE 30 s 5
7 30 s VRAIS), RIS I HE T A TR -

2134 MR REE % “2.13.27 WTVARLHE
ISR MO0 BRIV, R E A B R
Tk S BT (e T AR o DAPR & I AR EE A AR bR (YD,
FAXRTEIREAR AR (X0, BRI
FE: Y=2.2310X+8.0426, r=0.996 4, 455H %
S R L2 IE S IR 2R TS L 50~2500
ng/mL.

2135 LJEvEEEr 25k I E e 4k S
“2.1.17 BUR RS SR — 3. DU K A AR
IR R IR R A SR 2 S5k g 4524 8 h IfLK
FE&, 70 4%“2.13.27 T R )i AT Ab B, $%42.1.1”
TR G 2R R . A LR 11, 645 R

j

0 3 6 9 12 15
t/min

B 11 =AMmE (A). FEXR+=HMR (B) MMEH
m (C) W HPLC &

Fig. 11 HPLC of blank plasma (A), Ber + blank plasma (B),
and plasma sample (C)

e WM PRI 5 A6 5 1 30 2 R0 N A0 = A 1
P, TEtEEE.

2136 HWKEEHEE 4 5H 50, 500, 2500
ng/mL L3R ISR, 2 “2.0.17 TUR il ok
A 1 d WA BBESENE 6 I, HHHEAAEAZRMA
FRUETH AR ELAE Y RSD 437114 9.05%.4.17%- 6.02%,
RIGLE R R H NG E R

2137 HIAKEEHE 4 7H 50, 500, 2500
ng/mL IR0 B SRR R AR 1 7k, #% “2.1.17
TS &R ESNE 6 d, TS5 F R A bRk
A ELME RSD 2354 6.79%. 9.32%. 5.10%, X%
S5 R H RS %5 R A
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2138 faEME% WCAOXRERZig4%i1h
(I RER, 225 F 0. 3. 6. 9. 12 24 h jFERE
S, IHEAEARERMARRERFLLE RSD N
6.07%, 40 ss FR AR ENE R T,

2.13.9 SR E AR E LR HUA F SR B
A 50+ 500, 2500 ng/mL X & FHAE WA 100 uL, %
SIRERAHUATE N 100 uL 25 (I, #5E 30 s
JEEA 30 s WAL ETE “2.13.27 Tl T JikAbH,
& “2.1.17 TR IS SRR E A B SRR AN bR
WETAR, HorE R EmIALILE, S ERRL
SRR ZRME TR Y=2.231 0 X+8.042 6, 5
13 IR B P SR RS, &5 S R ORI R [ i
F N 94.98%, RSD K 7.18% (n=9).

21310 wT=EIREZ HUR=EREA 50 ng/mL 1]
FAS B N IR SO L GRS B 1N S NI I ST 952 1y =
2 “2.13.27 TR B E R E, SR E R LG
10 1 E wm IR, IR 45 AR A SR R AR LK
€ & RN 15 ng/mL.

21311 ZEFAER HEARREEZ . Ber-SLN
A1 TPGS-Ber-SLN ;- i1 26 UL 12, fdFH DAS2.0
TTHEBEAYESH, 4R NE 14, Ber-SLN 5
TPGS-Ber-SLN 4 5 F KL ZjAH L, X UERT ] (trax)

Bk T BEMIEE (P<0.05); FEHEH ()
KA T BFMEEK (P<0.05), FF4EHr 25k
WEIRE (Crmax) A HIHREZE 2.63 fi5F1 3.91 fi5, %57
HAWEZ KT (P<0.01); 250 #i£ N
(AUCo-t Fll AUCo-o) 31 1] it 35 11 2448 (P<<0.01),
A Ber-SLN 5 TPGS-Ber-SLN # K520 1 %5 (5%
FARNIRGEFR, AR B il P s & 3.37 f5 A
5.34 %, TPGS-Ber-SLN 5 Ber-SLN #HLEL, tmax 1 ta
T2, {H Cmaxs AUCo-t Fl AUCo-o KA T i
FHHERE (P<0.05), B TPGS-Ber-SLN H g

B B ER AR AR
25
20 -8 Ber-SLN
2 y &~ TPGS-Ber-SLN
& 1.5 !
=
2
2 10
= 05|

o

& 12

Z5-Ff#hZk (X s,n=6)
Fig. 12 Drug concentration-time curves (X x s, n=6)

14 FEAHFSY (Xts,n=6)
Table 14 Main pharmacokinetic parameters (X £ s, n = 6)

ZH LA HAXER Ber-SLN TPGS-Ber-SLN
tax h 1.074+0.28 2.12+0.38" 2.07+0.43"
tir h 2.23+0.41 4.09+0.72" 4.2140.78"
Crrax ng-mL! 459.04+58.23 1206.43+138.23™ 1793.44+205.83"#
AUCo 1 ng-h-mL? 1179.04+134.97 3978.62+468.12™ 6 293.07+864.77"%
AUCo - ng-h-mL? 1224.65+142.08 4121.75+508.04" 6 502.65+941.92""%#

HHRAFENRE: *P<005 *P<0.01; 5 Ber-SLN thi:: #P<<0.01
*P<0.05 ™P <0.01 vs bergenin drug substance; *P< 0.05 vs Ber-SLN

3 g

TE i #% TPGS-Ber-SLN i Sl A 30 & 5 e
TEVYE IR G 1 FE R R, SR A AR R
Al SEENETE BB NE 2 AW, TR T 350 E H 58
BRI S SR IR R I R R SR A v e, O e
4L %4 TPGS-Ber-SLN Zé5E | 2. thA2E#E A
(181, 241 g 52 -G WA B T AR [ 44 i Joi 44 KK 1)
RE R AR, RFH 2 DA b () i S5 2k AR T 1977 15 254 4
etk fatk, HINgeKRi I 2, AFFg RN
fRIETEZ I 250H) % SLN $24t5% . TPGS & —#
A G SR KSR IR R B ) = o AR, B —

MIFLACRE J1, FEK A Il 5 SR i K B O 249
mg/LP4, AT Fiik TPGS M SLN Kbkt 2 H
RICRIE R, Wi e FAE KA R =W N 0.20
mg/mL, % & S5 7T XA EREA—
E&[lS,N]O

M5 TPGS-Ber-SLN P ¢ Hifr 4axt i A 2 30
mV, faEtEAE. AT REZ BT T TPGS-Ber-SLN
KIP) TPGS A, AR 7 BrillfE 224,
¥ TPGS-Ber-SLN il & s TR R b ket . B2
PRI GBS fERT R LK, AT S
Z B R B AR 7 1 4R K AR 85 4 R AR AR AL 28, (]
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PRI 5 B BREILSR . HEBEEAERRM
SCHVER, ATARUUBER ORI FRIRIAS 2, BRItk F B
FKARY I CFUHED FOH 5% B2 B FH K i % TPGS-
Ber-SLN ¥RT#1. H%KIM, RMHBEKE 0.05
g/mL FIAFERHZER REA 11D k&
TPGS-Ber-SLN TR 4R . T2 B
BPE R 1T

HAERFRIZE pH 6.8 PBS i R R IRE
AR, 170 Ber-SLN Al TPGS-Ber-SLN 7£ pH 6.8
PBS HH I S AR H R IE N, R RE 2 BT AR
BEERSER TH O RREN, ARSIREEN
MRAEIAZE & 7 HRAill. TPGS-Ber-SLN 24 545
18, "JREE T TPGS-Ber-SLN i fsE /K s T
Ber-SLN, /K PEZ5 ) 5 il [7) 143 4 T+ TPGS-Ber-
SLN P HBI8, AT RE 245 B 2218 5341 TPGS-Ber-
SLN K4 TPGS &1 5 Xt 25 ke it AT 21— € 1)
BHH A -

Ber-SLN F1 TPGS-Ber-SLN f{] tmax 331 % 2E B
PESE)S, AIHE Ber-SLN Ml TPGS-Ber-SLN 22 &1
A, 1M HB/NORZZ %4 Ber-SLN Fl
TPGS-Ber-SLN i B T- i sl Sk B A B rh 27281, 52
M 7 ON LG, Rt KAEREMHLES .
Ber-SLN Al TPGS-Ber-SLN [ ty, 1% 4 B EMEGE
K, BB T4FNZRE, SnE AR RNAEYF]
FHEE . Ber-SLN F1 TPGS-Ber-SLN f£] Cruax 73 4%
ZEHRE A 2.63 541 3.91 1%, 1HHH 2 B SLN $4
A3 T 2540k Ber-SLN A1 TPGS-Ber-SLN [
RS A= ) FH B I 5, AT RES2 BT SLN X254
MALEE IR T8 BRI TE bR, 185 T4
FSERMARENE; GeRZGYIEIN T 5 B i Bk m
s $em T A AR BBE R 7R R
AIHT I ke R 3z, GO ZMBER; 9k
CIEZEE 0SNGt 2 oy we AN R B N B
AR T 2RI

T4k, TPGS-Ber-SLN [ Cmax AR H FE 5
Ber-SLN #tb HA EBEMEZESR (P<0.05), AlfEe
FH T TPGS-Ber-SLN #t77 1 TPGS #iffi] | P-HE 25
TEPE, B> T SR AMEE RS, R AR
FEE R =i B K

AT FEH 4% 1) TPGS-Ber-SLN [ ARAR A= 4 )
FHEE S 4 5.34 £, Lb L RaE [ R Bk (B
21485 U, BEIRE &Y (REZ 439%) M K i
He 5 AWEA S BUE (202.46%) B iE 8 K.,

Jia BT st — 2B 4 TPGS-Ber-SLN 2522, &3
STV, N TPGS-Ber-SLN 24t 58 4w )
WP R A4h, HRA TPGS il % SLN £ 75 A
A 5 AL F AR R A Rl — B A
RBAR AR ERRAEF BT R

S 3k
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