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[Abstract] Objective To construct borneol-loaded liposomes co-loaded with total Astragalus saponins and Panax notoginseng
saponins (Bor-TAS/PNS-Lip), establish a quantitative assay method, optimize the preparation procedure, and evaluate its physicochem-
ical properties and in-vitro safety. Methods High—performance liquid chromatography coupled with evaporative light—scattering
detection HPLC—ELSD) was adopted for simultaneous determination of total Astragalus saponins (IAS) and panax notoginseng saponins
(PNS). Methodological validations including specificity, linearity, precision, repeatability, stability, and sample—spiked recovery were

performed. Bor-TAS/PNS-Lip was prepared by the film-hydration—sonication method. With the encapsulation efficiencies of TAS and
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PNS as evaluation indices, formulation and processing parameters were optimized by single—factor experiments combined with Box—
Behnken response-surface methodology. The particle size, polydispersity index (PDI), and Zeta potential of liposomes were measured
by dynamic light scattering, and the morphology was observed by transmission electron microscopy. In vitro release behavior,
hemolytic property and cellular safety of liposomes were further evaluated. Results The established HPLC-ELSD method exhibited
favorable specificity. TAS and PNS showed good linear relationships within the investigated concentration ranges (r>0999). Precision,
repeatability, stability, and recovery all met methodological requirements. Response surface analysis demonstrated that drug—to-lipid
ratio, phospholipid—to—cholesterol ratio and hydration temperature exerted significant influences on encapsulation efficiency (P<0.05).
The optimal formulation and technological conditions determined via Box—Behnken design were as follows: drug—to-lipid ratio of 1:
23, phospholipid—to—cholesterol mass ratio of 7.6:1, and hydration temperature of 48 °C. Under these conditions, the encapsulation
efficiencies of TAS and PNS in Bor-TAS/PNS-Lip were 75.37%+231% and 63.37%=+1.86%, respectively. The average particle size
was (131.8+2.8) nm, PDI was (0.17+0.05), and Zeta potential was 2293+081) mV. The liposomes possessed intact morphology and
desirable in—wvitro sustained-release performance. The hemolysis rate was lower than 5%. Blank liposomes showed no obvious effects
on HT22 cell viability and lactate dehydrogenase release at concentrations ranging from 0.1 to 1.2 mg/ml, indicating favorable in-
vitro biocompatibility. Conclusion The developed HPLC-ELSD assay is accurate and reliable. The optimized Bor-TAS/PNS-Lip
possesses high encapsulation efficiency, satisfactory physicochemical stability, biocompatibility, and sustained-release property. It
provides experimental evidence for the preparation and evaluation of borneol-loaded Bor-TAS/PNS-Lip.

(Keywords] borneol; total Astragalus saponins; Panax notoginseng saponins; liposomes; response surface methodology
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T Z T RERE AR (FEBR KRB A F]) .
1.3 BUEAMERG

PR PR 2R S H50HE 43 B B 1R SR 25 i) R A Graph-
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FALRSIE S35 psiz 358,
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%1 HPLC-ELSD &E2ME /7 ERIHE Bk H
Table 1 Gradient elution conditions of HPLC-ELSD

i ] /min WAl A% TEhAH B/%
0~3 80 20
3~12 80~65 20~35
12~14 65~52 35~38
14~25 52~58 38~42
25~26 58~20 42~80
26~27 20 80
27~28 20~80 80~20
28~30 80 20

A7 TAS Al PNS mf A M6 A 2 0t
& EE  Horb TAS BLAS-TV g g 845, PNSLA
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W AL 2.1 1T g 450, e AT 10wl
Gy EREINE | 105 H AR B i i AR i T
ELSD Wi 555 AR R | HOR FIBUGEE
AT, DA R R B C (g/mL) A4 FX
B 1gC R AepR, S TR A (95 FHXT £ (B 1A
YN BB ST BAARR DL R AT AR , AS-IV
A IR 5 2 1gA =1.292 1gC+1.214(R?*=0.999 2);
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Fig.1 Specificity chromatograms obtained by HPLC-ELSD
T AJRAXT BRI s B SR 0 XS BT . 0% | W NS 291 Rgl ;04 2 O AS-1V,
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TR 38 25 A1 43 )% SRR E 6 K (n=6) , 10 5%

g DL B SE RR I AS-IV 2648 b
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ANZRBAH Rel WA RSD 4305100 0.429%.0.22%
0.38%, £ RSD {HIE/ N 2.0% , Rz S
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NS, 45BN, AS-IV 5 AS A Rgl 14
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0.91% .0.76%(n=3), AS-1V 5 A S RFF Rgl A EF
e e 343 51k 99.97% (4 RSD=0.77% ,n=9)
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WRBER KA 1 b iR 5 23 3 B8 1R ik g 3t
BN AR, Bl SRR S T UOK I hitE Tl s
Ab B (RR 75 I 20 MR HIL, TR 200 W, TAE 2 s, [H]
S s, BB AT 20 min), fRei i 0.22 wm %
FLUB R LU , ARA5 34— 1 7R 4 {2 Bor—-TAS/PNS-Lip

TR, 25 FUIR BT 1y 28 BR AR A In NS, A L
FHASIN TAS FIpk R, HARERAEAATH
2.3 Bor-TAS/PNS-Lip B3 &l E

K R B0 5 Bor-TAS/PNS-Lip fu3f
R RIEUHERVER R A R BUS A Bor-TAS/PNS-Lip
TR, BT 10 kDa HUEELLET, T4 °C.6 000xg
FAF L 1S min, WEE T IZ ISR, M BEE 2 2
—ERAR VR Rl 25 25 i T R oy B A e R it
UG FRARTR B, $42.1.27 T F 7 sl LA H
RS NER B2 P

FE2 IR ARG S HERENE 105k AS-IV
MANZ BAT Rl Mm-S A AR BH 7,
SRR RGN 2 o LR A, D
AS-IV {E TAS BRI , LA S B Rgl 1E RN
PNS HFEFR BT, 73903153 TAS 1 PNS i fudf 32
AL R =] (R 2 -7 B 2 1 ) /R 2t ]x 100%
2.4 Bor-TAS/PNS-Lip #I& TEZRBREEE
24.1 ZiYSukIEEtt BT AN E S5
M 1:10,1:15 1:20 55 1:25 B RE FRAASRAE , 2550 W
R, M 2GR R L 1:10 L E 1:20 A, TAS fudt
Kl 36.6%3E & 74.7% , PNS f %1 38.9% 42 5
% 63.8%, Kif2H 142.0 nm J#/N%E 131.8 nm,PDIRE
£ 0.157, ZijfigHat LhAkSa)R % Ry 1:25 I, TAS fudf
RAME AR T PNS B3R TR 51.2%, hifse
4K % 139.5 nm,PDI FHE & 0.204, DI 584
FEW 3 Y 10 B o A R T2 A A, R i
JIg R R HE— B 4 S A ORI 2 iR R A
AEPE, P, B 2R e Lo 1020,
242 WERSIREEES R A0 R R AL Ty
o B IR RIE S Rt . R TERS
JIEL [ P LA 301,601,921 5 12:1 I ARSI 4%
WR, YN S IRE R BT L i 31 BN 9:1 B,
Jig Ak A2 184.8 nm F&Z 130.8 nm,PDI Hi 0.322
R 2 0.157,TAS 1 PNS A 558535 48 5 & 74.9% |
64.5% , X4 HIE— 4N EE 12:1 i, BiFp 25t
R TR, I IR B R TR B B 1Y
JE BT A AE) , Tk S B AR AR T 25 L |
WSS RR Y] B 5 IH A i oy 9:1,
2.4.3 HEFEEHE] AR AL ERENS AR VR B A4
AINHECGERAR A, Y AR E 10 min EEK
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20 min B, BiFEH 289.0 nm %% 127.8 nm,PDI H
0.348 [ % 0.144, [A]AF TAS F1 PNS 35 2643 5134 5|
75.5% .64.6%., HKLIE B BT[] 2 30 min B, RE
Bilt— /N 99.0 nm, {H PDI FH& & 0.255, %
Gzt 7/iaes eI SR N=i-5 s N R st
LAY 2 BIR 5 R 25 Yt . DL EWRSE S
FW], EFE 20 min VE Ry dpc o A IR TH]
244 RmiEEE  BEENRTUTEREH 5 mgmlL
HHNZE 15 mg/mL, TAS 1 PNS 425553 51H157.1% |
41 A% E 74.6% ,64.0%,PDI Hi 0.289 [%2£0.153,
FEWIAE 4 = B Tk A R T AR AR B 2504
2, UNS B ER N E 20 me/mL IR K &
151.5 nm,PDI JF&E & 0.225 (KR —1E T, LU
R AR R IR BB E R 15 mg/mL,
2.4.5  JKAKETTE] KA EDXT A B AR Y 727031 5 1
BRI B A, /K ALET T f 0.5 h 4E
K& 1.0 h i kifeh 1622 nm &% 127.1 nm,PDI
F 0.310 % % 0.165,TAS 1 PNS £ £} 345 51| ik F
74.5% .64.1%, MHEIERIKALETA]ZE 2.0 h J5 , 4550

TRV, DL EAFR S5 R RD], 1.0 h 2 REWS
TG JEL R I S 3 A3 /K Ak B B AR T L R I
KA A 1.0 b,

2.4.6 JKAGIREE  KAGTRLEE REAE SE A BERR 43 AT
vk M RBUATE G A . SoKARIREE 40 CH-E 2
50 Ch ife 1 (279329.5) nm JB/NE(133243.7) nm,
PDI Hi 0.354+0.050 f# % 0.160+0.006,TAS Fl PNS
BRI HHR T 74.8%22.0% 64.3%+2.1%, HkEE
FHEZE 55 CHE, BSRRIAZMEAT I8/, (H PDI SR =
0.272+0.031, P FP 254 (L B 53945 Br F e, BETE
YT e B AT R T i T BT B 3 v B T
g AL AR E MR L PR A R et
KA R 50 C, BRI EER W 2,

2.5 Box—Behnken Hi 5 B4 #7 3%

2.5.1 Box-Behnken Win; FiIT 504k 7EERH
AR RN [ PEBUH Bor-TAS/PNS-Lip FiAL
PEBTRZ A 2 3 A SCHE N R . w0 R L
(X1) JKAGTREE (X)) FZj AR L (X)) VE 558 A A8 4t
LI AS-IV 5 A Z 1 Rel AE R4 Y=0.5x

®2 BRAZRIRER (vs)

Table 2 Single—factor experimental results (xs)

H#E K- it /mm PDI TAS fd%/% PNS {5 %/%

Zifg 1:10 142.024.5 0.264+0.020 36.6+3.5 38.9+2.5
1:15 136.5+4.2 0.188+0.011 59.3+2.7 547422
1:20 131.8+2.8 0.157+0.005 74.7+1.9 63.82.0
1:25 139.523.7 0.20420.019 742422 51.242.7
TR — L[ Bz L 3:1 184.8+5.0 0.322+0.034 63.4+3.2 54.9+4.1
6:1 160.0+4.3 0.187+0.017 69.123.2 56.7+3.1
9:1 130.8+2.7 0.157+0.005 74.9+2.4 64.5+2.3
12:1 120.5+4.2 0.239+0.025 60.1£2.9 52.0£3.5

S 8] /min 10 289.0+10.2 0.348+0.039 54.6+4.3 56.8 + 4.0
15 211.9+10.4 0.24120.019 65.1£3.0 59.3+3.4
20 127.8+4.2 0.144+0.006 75.5+1.9 64.6+1.9
30 99.0£5.3 0.2550.030 52.843.5 452437
JIE v BE/ (mg/mL) 5 115.75.1 0.289+0.023 57.1+3.2 414433
10 1222227 0.213+0.018 65.0+2.3 55.4+2.9
15 132.6%3.5 0.153+0.006 74.6+2.3 64.0+2.3
20 151.5+4.6 0.225+0.017 70.7+2.8 65.8+2.4
JKALEFA]/min 0.5 162.2+7.0 0.310+0.029 59.8+4.0 51.3+3.0
1.0 127.1£4.3 0.165+0.005 74.5+2.4 64.1+2.2
15 132.8+4.8 0.175+0.012 71.843.0 58.843.0
2.0 124.4+3.8 0.193£0.015 72.9+2.6 58.5+2.6
FRALIRE/C 40 279.3+9.5 0.354+0.050 51.5+3.5 33.8+4.1
45 210.5+7.7 0.271£0.022 69.0+3.8 65.2+3.7
50 133.243.7 0.160+0.006 74.8+2.0 64.3+2.1
55 90.9+4.7 0.272+0.031 65.9+3.8 53.3%3.8
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EETAS+0.5xEEPNS T 25 & 35 IFAE R g
i, 4 Box—Behnken FP0] & LW BET T E IR, R
J Design—Expert #3531 3 [H 2 3 K0 157 i
sz ge: S 17 AL (G 12 AR AR 5
A RO S DI SRR 2 ) . SRS 2
W3 3—4,

#3 ZWERSKFEGIT

Table 3 Design of experimental factors and levels

K- X, X, X;
-1 6:1 45 1:15
0 9:1 50 1:20
+1 12:1 55 1:25

x4 EREITEER

Table 4 Experimental design and corresponding results

igﬁ g Xy X, X; Y
1 6:1 45 1:20 59.65
2 6:1 55 1:20 56.35
3 12:1 45 1:20 55.95
4 12:1 55 1:20 52.45
5 6:1 50 1:15 62.00
6 6:1 50 1:25 57.95
7 12:1 50 1:15 58.05
8 12:1 50 1:25 54.50
9 9:1 45 1:15 66.35
10 9:1 45 1:25 63.35
11 9:1 55 1:15 64.25
12 9:1 55 1:25 60.40
13 9:1 50 1:20 70.85
14 9:1 50 1:20 70.35
15 9:1 50 1:20 68.35
16 9:1 50 1:20 69.10
17 9:1 50 1:20 69.95

252 BBEUG KI5 2500 R Design—Expert
13.0 30, LAY S RifE X, X, X5 o FAS & AT
ZRZ WA IH LG TR Y =69.72 -
1.88X,—1.48X,-1.81X5-0.05X X,+0.13X . X5-0.21X X 5—
9.54X 408X ;205X v, J7 22T R | IRl I A5
K P<0.000 1, KPR EE (P>0.05), HYLE 25
R*=0.992, B WA R AL LA R 45, R i BT . iy 2 4
o MO, X X0 X X Y S EA R SR (P<
0.01), 4% M 2 2 8] i 32 H.AE A 8.3 (P>0.05), H.
5 PR 2t [ AP 1) ELAG A i 3 ) U (P<0.01 ),
TR 5, DERAEERR NN IRIRY & K R 22 5
YE e 9z &1, 3 UL I 2, F) ] Design—Expert 13.0

AN IR B BCAR I A T 256 A TR ARIE
W AE Y S KRAIRTIR T, & WE T8 N X1
A B B IS AR E L 1L 7.6:1 KL IR EE 48 C 248
I 1:23,

x5 EREEFTESTER
Table 5 ANOVA for regression model

JrZERIE Porm AmE Br F{H P
TEEAY 577.39 9 64.15  101.01  <0.0001
X, 28.13 1 28.13 4428 0.0003
X, 17.55 1 1755  27.64 0.0012
X; 26.10 1 26.10  41.09 0.0004
AU 0.46 3 0.15 0.15 0.9224
5k 4.45 7 0.64 — —

253 EMAbJT TZEWMEAE  $ LAk s kb Jr
S, R PR A3 B - P 1, LA R 55 1A o e o o
kb 7.6:1 ZHRE B LL 1:23 FREGH R R InA =
A - HEEL (31, viv) A3, T 45 CKIB S
TR 2 R BN S 2T RE FIE S
PIRR BT, RN A 254K, T 48 C/KIB T
WERER KL 1 b, B & T UKok IS o 2 8 i 40
i AL SRR 5 AR B, i 0.22 m T FLUE ML, B
PR AALTT ) Bor-TAS/PNS-Lip TRAEW , FRIL 51
AT 3 HERE SO E e R IR TAS 5
PNS (EH 553518 75.37%+2.31%F1 63.37%+
1.86% ,THAEARLEA A2V E R 69.87%(n=3), 5
BRI ) BB 69.72% (n=3) ¥ 3T , AH X g
28T 3%, LA RZERRW], BTN 1Y Box—Behnken
M) o, RS A T 4 R A ARARAR B A b T T 2880 |
HHH AT,

2.6 Bor-TAS/PNS-Lip BUIR{L 14 B RAE R AKSMEM
2.6.1 BEHTHETF MBI EER WS RE
T 241451593019 Bor—TAS/PNS—Lip 1R E W , HAMI
PN IEW], BRI TG, BOZNR TR GE i %
INTFA RS AR L B8 5 min )5 FHIELUN 2
NG ARR, BTG THIN 290 B F BRI 2 min,
FHUEAN T2, SR TG B TE TR
TlUBE ™ WA MR AR ORI A& 2558 B, Bor-TAS/
PNS-Lip S£HMAERIE , LA 3,

2.6.2 Kife PDI Y Zeta B FIMIE  HL Bor-TAS/
PNS-Lip i , S /R SCREEE I E M T 25 CF
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Fig.2 Response surface plots showing the interactions among different factors

TE:A DA X, 5 X, IWEHAEM;BE R X, 5 X WACEAEN;CF R X, 5 X ZCEAEA,

100nm

3 Bor-TAS/PNS-Lip HISTHE FEHIEE
Fig.3 TEM micrographs of Bor-TAS/PNS-Lip

W5 HoRiAR PDI M Zeta HAAZ, ~FATIIAE 3 WK, 4551
RINZ IR B4R 428 (131.8£2.8)nm, £
SIEURBCN 0.17+0.05, LR B4 K HR
Y957 Zeta BAfE R (=22.93+0.81)mV . 3 (M 7
FLAAT A R T S0 Ao L A P R i B AT E 3
A ER R

2.63 RIMBEIAPERES 5 ORI RES SR
B HUE I E Bor-TAS/PNS-Lip 517 B TAS/
PNS IR S WIREIAT R . K2 ARG 2 mL, 73
B ABHTAS (BER 0 F2: 10 kDa), B T 100 mL

PBS (pH=7.4) B A o i e R 4R 9 45 .37 C L, ik
Vil H 100 v/min, % E R E] £(0.5.1,2,.4.6.8,
12.24 36,48 h)HtH 1 mL BERA T, FH BE @ 7L
Je ST BIANINAEAATR 37 °C PBS, RHI“2.1.17E TAS
55 PNS¥REE I8 S2BURICR (0%) , AT, LA
SRR (Q) XF I TR] (¢) 223 1 ih £k I 3547 7 FE 4L
ALK 6. 4, G5 BN, IFE TAS 5 PNS IFH#
£ 12 h I ZRREHCRE 735913k 97.84%+0.24% 5
99.12%0.13% , 5 W {2 SEBEFFAE ; T Bor-TAS/PNS—
Lip 7£ 12 h I} TAS 5 PNS (1) 2R 5 R
68.44%=0.19% 55 76.29%+0.11% ;48 h Ji7 Bor-TAS/
PNS -Lip H1 TAS 5 PNS fiy 2 LB iR 5 51 A
87.53%=+0.09%711 93.43%+0.04% , ik | e K BRUBEIL
B, M LT B 25 W0, Bor—-TAS/PNS-Lip £ I
WA R . AR ARE SR 6 MBLE S5 ],
Bor-TAS/PNS-Lip H PR o BT MR &
Higuchi 3l JJ 28R (R? 43514 0.947 5 0.996) , H
A R SR RIERE
|

0%=(V 4+ 2 CACV 1)/ Mx100%
K Vo IR B BAMINA AT (mL) ; V 536
TRBEA T BAR TR (mL) 5 C; R 1 IR B R
A BT 25 A BE (wg/mL) ; C, RARE n YBURE
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A 1004

80

—— Ji## TAS/PNS
Bor-TAS/PNS-Lip

T — T T T T 1T 1 T 1
0 4 8 12 16 20 24 28 32 36 40 44 48

of [8]/t

B 100 = —
{

o/

0/%

40 —— 3755 TAS/PNS
Bor-TAS/PNS-Lip

0 — 1 1 1 1 1 1 1 1111
0 4 8 12 16 20 24 28 32 36 40 44 48

FiF i) /¢

B 4 Bor-TAS/PNS-Lip §1 TAS F1 PNS Bk 5b RARFR A i 2%
Fig4 In-vitro cumulative release profiles of TAS and PNS from Bor-TAS/PNS-Lip

%R 6 Bor-TAS/PNS-Lip 1 TAS #0 PNS {kMNEMh h F A A ER
Table 6 In vitro release kinetic model fitting results of TAS and PNS from Bor-TAS/PNS-Lip

WA Lo e
JEES TAS/PNS Bor-TAS/PNS-Lip WERS TAS/PNS Bor-TAS/PNS-Lip

T I 0=1.2371+58.29 (0=1.508:+31.29 0=1.1691+60.22 0=1.6241+33.33
R=0.342 R*=0.643 R=0313 R=0.647

— I In(100-0)=—0.324¢+4.23 1n(100-0)=-0.069:+4.36 In(100-0)=-0.359:+4.18 In(100-Q)=—0.077¢+4.39
R*=0.939 R*=0.905 R=0.918 R?=0.924

Higuchi 572 0=39.521"+4.19 Q=17.361"+4.75 0=35.431"+9.47 0=25.21"-1.85

R?=0.969 R*=0.947 R=0.936 R=0.996

PRI ot 245 ) B0 B (g/mL) s M 3Ros A% i v
P EE (ng) o

2,64 EIMPEPHAY RIS (AR R LA 24 )
(2025 A O ) M58 ) SCF bk  S  390 8 1 5
RKA 17 %, % %¢ Bor—-TAS/PNS-Lip %5 FIIE
JEAA (Lip) X LT ARARA I MU B , o4 e Sk 2 244
HEAHE . WOk B 18 32, 0 3 4L, AL 9
3, G B 1~6 SR HERAE T S R I
HRAS 8 S/ A BRPEXT HRAS 9 548 i it ko FRAE
FEE TN 2% S 21 40 R W BORH o A i s W L A= B8
ERIK (BRI X ) FN 25 85 7oK (PR IR i s
J&, T (3705) CHEIRFEIRT 30 min, IRELHR)E,
RSN RN VRO GRE | AR I B
AR MA, 459 W78, Bor—-TAS/PNS—Lip FFAIAR
PURT 5%, SR IR 2E R 2 A 245 LX) i ik
TR e 22K, DL B oe 25 SRR IR NG B iR iR
RIERINEA RAFRIMIBAHZ M, FEWR 7,

2.6.5 AN EYEVESN DL HT22 /NP2 40
JfL AR | R A CCK -8 12:F1 LDH B 5 3o i 25
FIR BRI SN AR B AR 2 . BB KB HT22
YARELL S 000 ALEERIT 96 FLAR T, R i BE f5

R7T BMEEEGITFER

Table 7 Experimental design and results of hemolysis test

. Bor-TAS/PNS-Lip Lip
S
W I /% W I %

1 0.049 0.48 0.047 0.16

2 0.049 0.48 0.049 0.48

3 0.048 0.32 0.048 0.32

4 0.049 0.48 0.047 0.16

5 0.050 0.64 0.050 0.64

6 0.051 0.79 0.052 0.95

7 0.046 0.00 0.046 0.00

8 0.685 100.00 0.696 100.00

TAA TR #E (0.1.,0.2,0.4 0.8, 1.2 #1 2.0 mg/mL)
25 FIIR TR IR, 5597 24 h J5 R CCK-8 46
I 40 L ' (optical density, OD) 312 401 7E 1%
R [l AR 4 M 5 57 LT R, % 1 LDH A6 I35
S UL AR LDH BEROKSE | LATEA 40 i B 5 4
T, GER R, 2 FRBUAYE 24 h J5  HT22 24
JAE T RAE 0.1~2.0 mg/mL 35 5 il P9 S A 45 v
IR, 5%} BEZH AH LE G B (5 A (P>0.05) s LDHAB I
SIEGEE SRR AE 0.1~1.2 mg/mL WJETEEIN , 5541
LDH 7K -5 5% B2 A LU TG 3 22 5 (P>0.05) , $7R
25 FUIR AR 5 | e B b R bt 0. BRI S
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Fig.5 Effects of blank liposomes on the safety of HT22 cells
TE: 5 0 mg/mL LA, *P<0.001,

g5 L, il 7S FIIRBTAYE 0.1~12 mg/mL
R VU PR PN R B B L R A AR 25, Ao o
LI N [ S BEASL43 , R ) 2% Bor—TAS/PNS-Lip
3R B ARG MI I B e A VE TN 4R LS B0 AR A
3 iTig

H 2 52 5 R0 I M R 2 T
AR ) B A T 7R 4 o ) A
TAS FI PNS (1 F 215 M o3 8 T =ik 2 i 28k
G, Gk Z s S AMIISCR AT, SR FH 52 A MR
A 5 I ) A2 B3 Sl AH 55 4 0 T, AT 52 e i)
SELEHMERRTE . ZEAOGHRT I & 8 T 5T i A
FHRHI A , AR G 0 5 SRR | 3 P T R4
KT AT E . FIMESESER AT HPLC-ELSD &
DU Je S T TP T e i IR O T LA
RAFH L @t e M, AW HPLC-ELSD
D7 RERS A 2 TAS F1 PNS &, Hor kg %4
SR WRAANE R KEHEE HENE e vk S
[MSCRIFF ST ER | AT 2 Bor-TAS/PNS-Lip/ii
TP B A AR I 2

B TR AT 155 B T A2 Wl Mg 2 O e
S DA S 2P A 22 A DR R AL R s e, I
HEREAR TN A3 2 e ) EE LA R A, 3 et IR ]
T R 615 [ AT A 38 S0 I 1 e S I 4, DT ik 2> 245
B, 11 e A 2 00) T BE S M 25 ) 3 RE 107, AR
TIF5 LR DRI 3% B e o T 3 B 45 SR 2R B Wl g L T e L |
IKAR IR EE K 25 g b 35 6 G db o = A B 2 i ), Herp
A I AL 6T 2 L 24 00 9:1 P3R4 T B 22 A e 3t
R, TAS HA —E MRt 15 i AR B>+ )2

H s PNS LELAG Bl oKk, B850 A R A
TKAH, R BT - i Rl 2 " = AE s 2
JE LA B ] [ AR A4 S A % . Tong 5511
WFFE R IR, VKR S 20 i R N A R 48 5 M L 1)
WAL RETT , Rl BEXT g R B AR e M AT BURAE A
WFFE UK R R In AR 52 W g BT AT 1, e o 370
AT ATE) Zeta FANIFRE , B VKR S IR BUARIA 2=
A RAFRAHA

PRI TN B E AR MR TN g oK 25 R
AR NI S e W 9N e NETE S WS IETL Y oY
BB X3 )2 B N K AR BRI, P ASMER A o
DR 8 R — o R, AR SRR
A5 7R Bor—TAS/PNS—Lip A&7 85 25 1) 5 30
— 3 R BRAE | REAE R N o] N R 2 M R iR
B, AR ARG PR P e S5 L1 4 & A= A
HAEA, B Mg AH A L, ARG
K, Bor-TAS/PNS-Lip HJ¥ MR T 5%, F5 6
HE N LI 25 MR Dk 25 25 IR A 2K, HT22
M 2 PEVE HE— 245G CCK-8 745 M LDH it
SEHGEA T AT G5 R FE 0.1~1.2 mg/mL WS
PN, 25 IR S (A4 B 4 s =6 0 It T %, [l et
LDH B HOK A 3 2 T, 2 BHIZI8 I A 3 A
A7 ) 0 200 M A 47, LA R A IR 254,
JE SR N R BEE T JEAl

L5 L PTIR A ST A T vk R B 1 =
L SRR AR A O EE ST T AR W] R T
Wik, BRI BTIR BA B m R 3E H AR
e RAF IR e M B RSN e R vk R B A rh 2
52 Ne B 2 R G A PR T SO A B T A
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BIFSE i AT TR AR ZEHL R 00 A B 1) PP S22
JR S TR 2 G BRI PE IR 2 P SR | Bk — 203
W FEAR N A S AE | i 7883t 26 B8R S i 2 AR 4 A
F GRS AAR B R 1 00 1) - FHIL R o
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