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Optimization of formulation of paeonol lipid microspheres by central composite
design-response surface method and its drug release mechanism in vitro
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Abstract: Objective To optimize the formulation of paeonol lipid microspheres (Pae-LM) through central composite design-
response surface method and determine its in vitro release characteristics. Methods Using the mean particle size and centrifugal
stability constant (Ke) as evaluation indexes, the oil phase type and the ratio of composite oil, the amount of phospholipid and stearic
acid, the type of emulsifier, the type and amount of stabilizer, the quality of PC and CH, the high-speed shear temperature and time, the
homogenization pressure and time was screened in prescription process. Effects of dosage of paeonol and high pressure homogenizing
pressure on the properties of Paec-LM preparation were investigated by central composite design-response surface method. The
binomial model and multivariate linear regression model were used to establish the mathematical relationship between the indexes and
the factors. According to the best mathematical model of evaluation index, the response surface was depicted and the best prescription

was analyzed by the response surface method. According to the optimized formulation Pae-LM, the in vitro drug release characteristics
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were investigated. Results The best prescription of Pae-LM was basically round, with mean particle size of (149.32 £+ 0.57) nm, Zeta
potential of (—36.01 + 3.09) mV, encapsulation rate of (98.24 £ 0.32)% and drug-loading rate of (11.94 + 0.04)%. There was a credible

quantitative relationship between Ke and the two factors, and the binomialmodel was more reliable than the multivariate linear model.

The cumulative release of paconol drug substance at 12, 24 and 36 h were 71.84%, 85.21% and 95.07%, while the cumulative release of
Pae-LM was only 57.21%, 59.66%, and 63.91% at 12, 24 and 36 h, respectively. The drug release was in accordance with the

Ritger-peppas model. Conclusion Central composite design-response surface method can be applied to optimize prescription of lipid

emulsion microspheres. The optimized particle size of Pae-LM was suitable with a higher encapsulation rate, which can provide a

reference for the development of paconol cardiovascular delivery system.

Key words: paeonol; lipid microspheres; central composite design-response surface method; in vitro release mechanism; centrifugal

stability constant; Ritger-peppas model; cardiovascular delivery system
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AR ARAH, RESE=99%;: FHHAE
B, KEBENE (PC), FilgREZARAR;
15-F AT IRRR 5 £ el (Kolliphor® HS15), 1
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YA TSRS 2 A AR I AR A
EEBT)ERIFL: M HCL Y WI5L pH 1, A
JEXIFRHLA R — it E], BIfS Pae-LM JIE Bk
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2.2 Pae-LM FHAEMEENESE
2.2.1 iE% M @i kE Ultimate® LP-Cis Column
(150 mm X 4.6 mm, 5 um); JRBIAHNHEE-7K (59 :
41); KK R 274 nm; AR EA 1.0 mL/min;
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Fig. 1 HPLC chart of blank solvent (A), paeonol reference
solution (B), BLM test solution (C) and Pae-LM test solution
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DAUETHAR (V) X EIRE (O T4 ENE,
BB RN Y=0.869 8 X—0.138 3, =1 000,
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(2) SHMLLBIN L. % &3 FophAH 1A
HEFHHEEKE TEA R, LR K& K AH RN

R1 FEIHREHFNE (n=3)
Table 1 Effects of different oil phases (n = 3)

i Dso/um RSD/% Dio/um RSD/% Doo/um RSD/% Ke RSD/%
LCT 3.85 1.21 1.41 22.07 12.23 6.07 87.13 3.02
MCT 3.81 1.56 1.66 7.99 7.85 9.01 76.37 1.24
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bR, R E LCTMCT A 1:1.1:3.3:1,
F%2 LCT 5 MCT A A5 & LX) Pae-LM il 4% [ 52
i) o &5 R 3 AN LB RLAR K K ARSI G 2 3 72
Ao Li B LR, X MCT-LCT &Lk N3 1 1
W, AR RGN . SR A R e At
AfaErE, %F MCT-LCT (3:1) HIREYIMEN
A, ZERIEK 2.

(3) PC FRMH%E: RImMAHTEIELSE R, 255
WEMIEHEN 0.60%. 0.76%-. 0.92%, #% PC
FEXT Pae-LM fill £ [ 52100 . 25 R 8] PC & XT
K AETC R E R, {HpE%E PC HEN KR, FiiER
Je TG BT, TEFHEN 0.76%E, Rifti
AN, MWL, WUER PC HEN 0.76%4T T
—B . SR IE 3.

(4) FENEER FH B 5 %% DIWIFLI K (kAR
S5 R NARRR, 7 B E AR IR FH &N 0.02%.0.04%.
0.06%, %Z2HFEIR H & X Pae-LM A2 5 PE 2
b R IR, K AEEZEE M, H 468 iR A

BRI, BMERG, R et K As e e i,
PRI, EPEREARER F 0N 0.02%HET T —P 5.
SR WK 4.

(5) AMAIFERIFELL: DWIFLI K (B2 R4
S RONTEbR, FHHEIAAR AN HS15. F68 Xf
Pae-LM FeE M I, 450K, LI HSIS /EN
FUALFIE, BT IRtk k12 K K. (P 2 /N T F68,
H.ELF68 KA I FLATRIS, A R %, FL
M4y )E, RSD>10%, L&A, Kk, #E
KA AN HS15. 455 5.

(6) e AP RRIHE L. DObiRia B K AE N
FBFabR, EEREFIHEN 0.4%, FHEME.
FEENAS [ R 2 7N Pae-LM (K520 .. 45 50, I
FRENIE MR e IS, Rife & K E¥ R, Rk, &
PRMBRANTE MR E . SR WER 6.

(7) MERENFH RN 52 DWIFLIN K. (H 2R AR
SR NTERNR, ol E MR EN 0.2%. 0.4%.
0.6%, 5 EMERENFH X Pae-LM Fae Pt K i A2 1)

%2 LCT 5 MCT ARIRELLAIEN (n=23)

Table 2 Effects of different mass ratios of LCT and MCT (n = 3)

LCT-MCT Dso/pm RSD/% Dio/um RSD/% Doo/um RSD/% Ke RSD/%
1:1 3.12 1.79 1.35 7.50 6.27 1.11 85.40 6.13
1:3 3.08 0.49 1.54 6.43 5.89 3.17 79.67 1.99
3.1 3.67 6.90 1.27 0.02 9.38 1.35 81.67 4.61

*3 BERENEE (n=3)
Table 3 Effects of phospholipid dosages (n = 3)

HE/% Dso/pm RSD/% Dio/pm RSD/% Doo/pum RSD/% Ke RSD/%
0.60 3.26 391 1.63 2.09 6.43 5.78 84.90 0.99
0.76 3.05 1.65 1.54 4.42 5.92 232 81.30 0.63
0.92 3.14 0.96 1.59 1.03 6.07 1.31 82.00 2.81

4 WREEASNEMN (n=3)
Table 4 Effects of stearic acid dosages (n = 3)

FHE/% Dso/pm RSD/% Dio/pm RSD/% Doo/pum RSD/% Ke RSD/%
0.02 3.04 3.21 1.34 8.67 6.30 9.62 79.93 1.81
0.04 3.28 2.99 1.65 1.07 6.13 4.45 84.27 1.42
0.06 3.15 5.24 1.49 12.29 6.10 2.85 86.77 0.58

RS AT (n=3)
Table 5 Effects of emulsifier types (n = 3)

P Dso/um RSD/% Dio/um RSD/% Doo/um RSD/% Ke RSD/%

Fo8 7.42 5.95 1.59 1.59 48.38 10.44 94.27 1.12

HSI15 3.04 3.21 1.34 8.67 6.30 9.62 79.93 1.81
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F6 BEFIMEREM n=3)
Table 6 Effects of stabilizer types (n = 3)
sk Dso/pum RSD/% Dio/pum RSD/% Doo/pm RSD/% Ke RSD/%
TR 3.19 2.46 1.62 1.95 6.13 237 77.53 3.23
THEREN 0.41 3.09 0.19 0.31 0.86 0.24 70.69 2.50

oM. AR, B TRV BRI, KA
FaE AR s, (HARIE IR R 2 22 ], TR
BN ip /N IR EEUE R (LDso) A 152 mg/kg,
S MR E I BG4k RN &
&, RFUEFMRHEN 0.6%H1T T —HsL
5o dRIE T,

(8) HiHERHES: UWIFLN K H R4
FvFebR, B E HIm RN 2.3%. 2.5%- 2.7%,
2 H BN Pae-LM A2 et KRR RIS . 24
HImMHEN 2.3%8, X Pae-LM 52 m i/ . &5
R 8.

(9) PC 5 CH E 52 MG LR sei g
R, % E PC-CH it A1:0. 2010 301,
5:1, %% PC 5 CH A Fi & AT Pae-LM g P
KRR . CH 325 PC #4545, FHIE PC &t
LA AL R, PTG . AR ER,

BE#E CH H &R, Ko A8 2 Je N G BRI,
M PC-CH N 2: 10, HKAHRKND. ERILEI.
2.4.2 Pae-LM fill % T.25%2

(D) BIYNREMES: BT EmERGER
PVRFERIE T, A ST BYUIR B (4 °CL ZEilD
AT 755, GRRM, U1E 4 CH&M NI H
K AHBN, HEnd B 22/ A KB #vie . TR
1, PC Gy ARIZK R, AT 5% 0 IR Ak PR A 12k
W IR BB DI N 4 CHbAT R — P sLie . &5
R 10.

(2) BIYIRFa . DAZFL RS E 1w 4L
KAt TRAL 3 A N S48 bR, 530 ¥ B BT DI (8]
5.7+ 9 min, 5N )BT [ TR R4 00 .
Pae-LM IIRiAE J2 K {8 87 BY I [R] R4 K 52 5k
ANERER B, SRS BB YIR ] 7 min iF
TR—5s. &RILE 1.

=7 HBRWAENEN (n=3)
Table 7 Effects of sodium oleate dosages (n = 3)

HE/% Dso/pum RSD/% Dio/um RSD/% Doo/um RSD/% K. RSD/%
0.2 1.59 32.99 0.51 18.9 3.61 7.27 80.77 291
0.4 0.56 3.82 0.17 0.99 1.90 3.23 70.63 1.36
0.6 0.43 3.38 0.16 1.65 1.15 4.92 69.33 5.06

*8 HHRENEM (n=3)
Table 8 Effects of glycerol dosages (n = 3)

HE/% Dso/pm RSD/% Dio/pm RSD/% Doo/pum RSD/% Ke RSD/%
2.1 0.36 11.09 0.16 3.52 0.95 23.67 67.83 1.36
2.3 0.42 2.41 0.16 1.09 1.07 5.19 64.33 3.99
2.5 0.40 5.02 0.16 0.94 1.22 6.92 69.70 4.12
2.7 0.41 2.69 0.16 0.72 1.14 5.60 69.57 4.27

*9 BESREERERELLHEME (n=3)
Table 9 Effects of phospholipid to cholesterol mass ratio (n = 3)

PC-CH Dso/pm RSD/% Dio/pm RSD/% Doo/pum RSD/% Ke RSD/%
1:0 0.44 245 0.17 1.05 1.36 7.17 66.40 3.07
201 0.39 2.06 0.16 1.08 1.14 8.06 64.93 2.59
301 0.42 0.71 0.16 0.36 1.13 2.71 69.00 2.19
501 0.40 1.60 0.16 0.62 1.18 3.31 67.65 1.98
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F10 FYLRERIFME (n=3)
Table 10 Effects of shear temperatures (n = 3)
A Dso/um RSD/% Dio/pm RSD/% Doo/pm RSD/% Ke RSD/%
4C 0.39 1.82 0.16 0.62 1.19 1.92 61.30 1.88
= 0.34 0.61 0.15 0.65 0.83 1.23 65.07 2.23
&1 SIYIRERIFE (n=3)
Table 11 Effect of shear time (n =3)
IS E]/min Dso/pm RSD/% Dio/um RSD/% Doo/pm RSD/% Ke RSD/%
5 0.45 4.82 0.17 1.81 1.47 3.77 70.17 3.76
7 0.40 1.13 0.16 0.35 1.19 1.87 60.93 4.71
9 0.40 3.17 0.16 0.00 1.19 3.53 64.57 1.25

(3) BFRIE I HLE: DI K A8 Rife K&
KLAZ 53 A0 2% 5258 bR, 0B B3R E 7758 60.0.
70.0. 80.0. 90.0 MPa, 5 %ZAS[A] )34 5 I 77 %
Pae-LM il & K152 . 450K, 3550 K % AR T
BRISTRLARTE W3E 52, (H4 )% 7174 70.0 MPa i, 3
KBS/, WOARSLIGIESE K I8 70.0 MPa 31T~
—B S, SERILEE 12,

(4) BRI a5 %% DAL KB Rife K
KLAZ I3 A 25 5848 bR, il R B RE 1N 94 11,
13 min, 5% P35 5 [EXT Pae-LM il £ (1) 5
M. S5EREH], KI5 11 min BRI K K AB SIS
AN, R, GBI T 11 mine £55R WL 13,

(5) FHEMmHERHSE: LALLM KA6. Rt
KRAL AT NSRS, ol B4 E N
0.9, 1.0+ 1.1 g, FEAN[A] 245 50T Tk B 52
GERRM, UPH MM AERT 1.0 g i, FHEM
SifTih, FIEEARRTTRER, MOERFH R By i 5
HERZAEN1.0g. FRINE 14,

25 ERRIT-MMEEARKEEIZESH

251 FREHFFEREPHE L Dso (nm). FifEiE
Fl (nm) A1 K S8 BOAVEAT FERR, X Pae-LM JHAH T
PRl PC HE. MR E. PC 5 CH R
. KR FAFIFE . R RIRR R,
SHHMAE, PHEmRAE, YIAVNRE. ¥

=12 HREHHEE (1=3)

Table 12 Effects of homogeneous pressure (n = 3)

J& J3/MPa Dso/pum RSD/% Dio/pm RSD/% Doo/pum RSD/% Ke RSD/%
60.0 0.21 9.29 0.125 4.29 0.45 5.74 55.47 5.87
70.0 0.26 0.22 0.150 0.00 0.55 0.36 4143 4.88
80.0 0.26 2.02 0.160 3.75 0.46 0.25 50.90 4.25

R 13 HIREEHFNE (n=3)
Table 13 Effect of homogenization time (n = 3)
B 7] /min Dso/um RSD/% Dio/um RSD/% Doo/pm RSD/% K RSD/%
9 0.30 1.93 0.15 0.99 0.65 3.24 42.97 3.27
11 0.23 4.08 0.13 4.75 0.48 7.28 26.44 2.67
13 0.27 3.50 0.16 9.43 0.49 0.20 39.77 1.38
R 14 PFEBRAEHNEME (n=3)
Table 14 Effects of paeonol dosages (n = 3)

/g Dso/um RSD/% Dio/um RSD/% Doo/pm RSD/% Ke RSD/%
0.9 0.26 0.38 0.15 0.00 0.55 3.15 16.40 7.97
1.0 0.24 4.88 0.15 7.17 0.54 3.34 21.60 2.43
1.1 0.26 0.22 0.15 0.37 0.57 0.56 17.70 13.29
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FLBYVII (8] 1 He 35 JoT R BSORH I 8] 55 DR 32 34T W20
PREFER, RIERRRLEEER, TR
#H0.6%, PCHCHEN N2 1, HMHER
2.3%, WIALBIVNRE AN 4 C, VAN ER 7
min, FEFTEN 11 min.

AR AT IR B, DA ol i) 7510 1 A K
K2 K NV TR RS, OGP F8 bR R i 8K 1 PF 5
s (A, JEWRES (B) #1472 St
HUEVE R 2 5 #E N A 0.7~1.3 g; B 50.0~90.0
MPa, KH 2 BIFK 5 /K-FiEAT IR 5 I 1k s AL T
252 SEIGVETE: BRIEAIKE. S2ib e R4 5L
* 15,

F15 ERMKFRELRITEREERESER

Table 15 Central composite design and results

Etass Alg B/MPa Ke
1 1.00 (0) 70.00 (0) 23.80
2 1.30 (+1) 50.00 (-1) 27.70
3 0.70 (—1) 90.00 (+1) 29.30
4 1.00 (0) 98.28 (+1.414) 20.70
5 1.00 (0) 70.00 (0) 20.10
6 0.70 (—1) 50.00 (—1) 47.40
7 1.00 (0) 41.72 (1) 41.30
8 1.42 (+1.414) 70.00 (0) 12.90
9 1.30 (+1) 90.00 (+1) 9.40
10 0.58 (—1.414) 70.00 (0) 43.80
11 1.00 (0) 70.00 (0) 20.50
12 1.00 (0) 70.00 (0) 17.10
13 1.00 (0) 70.00 (0) 21.30
2.53 HALA R Design-Expert 8.0 Trial #f4

R E AT (central composite design, CCD)

SR 15 AT SEIOHAR I T AN EE,  DAVEAFRER R AR
B, 0% N R A 3 AR S AT A BRI & K Ty 2
#r, FTf$2 0 2 IRIENARRES K.=+20.56—10.41 A—
8.19 B—0.050 AB+3.59 A2+4.91 B%, »=0.979 1,

P<0.05, U Ay B 735l R P B2 By i 2 AN v R
Y% 77 . K H Design expert 8.0 Trial 240 A 1T 2
VAR TR G B T 75 2543 B AN 2 IR [ 7 RE LA, gt
THE AP, 25 R, B F BN 65.47, P<<0.000
1, UEHIZEET RSN G ZI0HKRRE 2=
0.979 1, P#BEHR 1, RORBAY BT B SLfE, W
B RN S B LA L, T F SR AT e A
. WK 16,

F16 MINERRBFESTER
Table 16 Analysis of variance of response surface quadratic

model

TIEFRIR CFIIM BB 07 FH P1H

it 1633.63 5 32673 65.47 <0.000 1
A 867.34 1  867.34 173.79 <0.000 1
B 53682 1 536.82 107.56 <0.000 1
AB 001 1 0.01 2.004X103  0.9655
A2 89.59 1  89.59 17.95 0.003 9
B2 16796 1 167.96 33.66 0.000 7
W7 3494 7 4.99

LbLi 1170 3 3.90 0.67 0.6127

4

aliiR %= 23.23 5.81

psyill 1668.57 12

254 FOVHELAL ST SR Design-Expert 8.0
Trial 3R A42 1] 5 A2 50 BRI A% 6 1) = 2 308 T A0 =
PG, BT &S B AR A AR
XA R . 25 REW], EFEGEHN, FEE
B T e B 2, LK, T
M ok, JEZEM R RE L. S RIER,
LB A AR T 0.7 g I, B = TR 2 5 )
B, KAGHIETEmEB TR AP R
T 1.3 g I, BEEmEESREMEN, KAl
2 LS, PRI s R R R A R
M KA. LK 2.

12 e )
58.0  B/MPa

82.01

B/MPa

58.0 \-\
i

0.8 1.2
Alg
2 BETE A, BUETE KAERZEFMMAY 3D L EA
Ea%E

Fig. 2 3D effect surface and contour plots of interactive

effects of independent variables A and B on K. value of

dependent variable
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255 HAELATTHIEUE  HRAE Design-Expert 8.06
WA FE SR, Pae-LM AR AL 7 NPT e oy 5% 24
HAN1.0g, LCT-MCT (1 : 3), &N 0.76%,
i IR /4 0.02%, PC 5 CH &L N2 1 1,
HS15 AEA7KARF AR B &N 0.2%, TR
YENFEFI H &N 0.6%, HilH&E N 2.3%, 4 C

VKA R BIY) 7 min, TEHIAIFLE K HCL
1 pH £ 7.0, FEXIFR 11 min (JE /7 86.7 MPa).
% IR T T 24714 3 4 Pae-LM, E KL
TEH Koy FTINAS ) SEONAE S5 A5 0 T A LU, i 22
[ 22 = (FRMME — SEIE )/ TRIE ] $5<5.0%, *
BH S T AR AR T PR A . S5 LR 17,

®17 RELFEIEMIE n=3)

Table 17 Best prescription validation experiments (n = 3)

G5 SEHgkiffmm  “FIRi4E RSD/%  PDI

RSD/%

CHEAL/MV  RSD/% SEill KefH TN Ko fH Ko IRZE/%

201910311
201910312
20191031-3

149.740 0.119
149.780 0.125

148.290 0.57 0.120  2.65

—36.03 3.09 18.000 17.150 —4.900
—37.11 17.900 —4.400
—34.88 17.800 —3.800

2.6 ZAFFEMERETEM
2.6.1 SMMEEMEE B Pae-LM EF, BT 5%
AR b, JEARIR L R, F 2%
MR, T EE TES RS (TEM) T
HHL . EREY, Pac-LM SNILAR R, 45
RILE 3.
2.6.2 KRl Zeta HAIIE HL Pae-LM FLiIE
&, EEKWEE ARSI, KA Delsa Nano
Zeta WAL S A KRLFE 43 BT A e HokE BE Je Zeta H
Pro ZEREW, Pae-LM “FHIRifE A (149.27+0.57)
nm, Zeta AN (—36.01+3.09) mV. WK 4.
27 RONEREER

K B AR T ) % T4 Pae-LM, LA pH 7.4 (1)
BEIR SRRV (PBS) AR R, sha&@E Tk
F4% Pae-LM RS RABEZAT . 737l HL 20 mg
PR 20 mg FHEER ) Pae-LM, BT HikbHE
W ENTAS S, N 1 mL BB, MIRALE S
BT 150 mL B i, TSN 100 mL
BB, TN (37.040.5) °C, %3y 100 r/min
KRR 28, T AH R 8] SUHORE 1.0 mL,

200 nm

3 Pae-LM f9 TEM
Fig.3 TEM image of Pae-LM

/
s

10 100 1000 ~180 0 180
FifE/mm Zeta H1AZ/mV
4 Pae-LM HIRIR TR Zeta AL
Fig. 4 Particle size distribution and Zeta potential of
Pae-LM

7 (37.0£0.5) CHEREMBMAT, 0.22 um il
FLUERE ERT, HUERUEW, % “2.2.17 TiFEE,

o PR AR H BEIPRBCE (O n NEWRERE
WHERR, Cu NS n ANBURE AR 259 R IR
1.0 AEUFE 1.0 mL, W oNEZ5E), LA (A ¢ Akl
Fr, On NOAEARZH Op-t IZEE, H Excel &%
gk, 4R WK S,

Q,,:(Vcn+§c,,x1.0)/W

GERFH], £ 4. 8. 12, 24. 36h, FHEBMIR
K245 BRREIR 2 ik F) 35.92%459.01%-71.66%-
84.99%.94.82%, il Pae-LM 43 51 A 41.68%-53.67%-
57.12%- 59.52%- 63.76%, FH4~12h BHRLT
MIEREMUR, 12~36 h B A N, Wl 6E-S5 i
AHZE 35 ZE BT IR EE A O,



¢ $# Chinese Traditional and Herbal Drugs 3£ 51 % 2 153 202048 A

* 3909 -

100

80

¥R By R R 24

§ L
60 |-
fﬁ L
% 40 b
=
et L

20 |

O 1

0 10 20 30 40

t/h

B 5 FAEEERZF Pae-LM BUEINEIZE
Fig. 5 In vitro release profiles of Pae and Pae-LM

2.8 Pae-LM RINERAHBI R SR

RIS O BATHHRTTRERL G, IS & T7HE
AR R IR, WIPHEFL Pae-LM HIRSMEETEOM
o WAL REY, Pae-LM RN ZG 7 FELA B
1 2 FE N Ritger-peppas 15 1 > Weibull % 2 >
Higuchi Y > 22 2 B TR B > — BRI B 2
Ritger-peppas 15784 75 F2 1 Ing Al [ ) 7 48 BB iU
K n=0.5825, 7£0.45<n<<0.89, HIHHIWIHFEZHL
il J& T 243 BRI A K B v e R . 25
R 18,

®18 RELHHEIIMNEHREMUELER n=3)

Table 18 Fitting results of in vitro release model of best prescription (n = 3)

METIHE

Pae-LM

FTEZ I

FRBEIITFE On=kt

— R 2 In(1— Qn)=—kt
Higuchi 52 Q,=k X2

Weibull J5F2 Inln[1/(1—Q»)]=kIn¢
Riger-Pappas /7% In0,=kIn¢

Y=0.03 X+14.781, r=0.6672
Y=0.001 6 X+1.765 6, r=0.3403
Y=1.5717 X+4.166 6, r=0.8766
Y=-0.7512 X+0.8389, r=0.918 7
Y=0.5751X+0.188 6, r=0.9626

Y=0.047 3 X+11.585, r=0.8383
Y=0.001 9 X+1.565 6, r=0.4914
Y=2.333X—29604, r=0.968 2
Y=-0.780 8 X+1.029 8, r=0.9726
Y=0.721 X—0.605 4, r=0.988 4

kNBETUZRE Q, NI ] ml RBUBETRA, ¢ AR () 51 (min)

k is the release coefficient, O, is the cumulative release rate at each time point, and ¢ is the sampling time point (min)

3 e

JRUE LA MCT AyiliAERS, H KAERVDN, HEE
MCT MR 2 A A O S ERE A TN L+
SEK, LCT 28K AEH it =R 1E 9 IR e i i A
RS 71, SR LCT AAEE Mish ik &A=, B
[T eZAMH S RIE R . FFR R, TR ALK
A DABFR 540 LCT 8t T MCT KM i L HIAH 9%
AR, PR, R A AE AR REAT Pae-LM )
il 2 7L 2

Tt I A2 — P I 7 1 3= 2 i oy N B 1 1)
FERIE, HRNAE RIFHIERERE, SWHEEE
Ly 24230, i HAE IR RRAE 9 B B R & M55, mT LA
i BEIERK R 10 Zeta FAZ LN H AR K, RIA RS2
PERER NP, ARSI AR FE R 10 H (1) 5 754 ho g
WOERERE, M DHBRIBIE RAMERER, NI
) L8 P R A AL R e e it ik Rt Fide it — e
&%,

AHIF TR FH i 3 i, RIS Oke .,
RONE S BY )RS S T A Lk — 2D e A B AL
B sE T2, gt ek i sk b . g
kI 46 HE KT 20 mV 9 ¢ HL3A, RS LI
AR KWF S, ARTARMRE. e
Pae-LM [¥) ¢ HLA7 N—36.01 mV, BAH BT & 1.

HNAIBNTEFLLE Pae-LM 1RIMBEISE R B 1,
Pae-LM 1 h NAF/E—E RN, B R Z 3R
TR P O 2 MR T e 4, Pae 37 LA TE 5E f 3
FERISRNZGY), 12 h )G Pae-LM BB AR HF
1E 60% /47, iR brt, S53CmidiE —8, =
YEHINNATRE R T Pae-LM R M B TiE M 48
b, SIEFBNSIEIL, SEEMEEA R HEE
TS MR A A

SE R
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