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Study on preparation process of astragaloside IV PLGA nanoparticles based on
quality by design (QbD)
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Abstract: Objective To optimize the formulation ratio and preparation process of astragaloside IV PLGA nanoparticles based on
quality by design (QbD). Methods Astragaloside IV nanoparticles were prepared by emulsification solvent evaporation method.
Taking the encapsulation efficiency, drug loading, particle size and PDI calculated overall desirability (OD) of astragaloside 1V
nanoparticles as evaluation indicators. Plackett-Burman design was used to screen out the process variables that had a significant effect
on the properties of astragaloside IV nanoparticles, and then the selected variables were further optimized by central composite design-
response surface methodology, and were characterized and evaluated to investigate the in vitro drug release behavior of nanoparticles.
Results Based on QbD, the critical process parameters (CPPs) were optimized by central composite design-response surface
methodology, and the optimal prescription dosage was 5.03 mg, the poloxamer concentration was 0.48, and the W/O volume ratio was
14.33:1. It was verified that the encapsulation efficiency of astragaloside IV nanoparticles was (68.86 + 2.90)%, the drug loading was
(4.78 £0.45)%, the particle size was (112.87 +4.69) nm, the PDI was 0.134 +0.010, the { was (—=29.77 + 1.40) mV, and the nanoparticles
were spherical, the particles were uniformly dispersed, and there was no adhesion and aggregation. Release experiment in vitro showed
that the drug release rule of the nanoparticles conformed to the Riger-Peppas model. Conclusion Based on QbD, the product of the
optimized model is obtained, which meets the expected QTPP and has stable and controllable quality, high precision, good prediction
effect, and stable and feasible preparation process.
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df L 0 IS A — MR R RO R A i B R
IFEIE, TR ER 8 SO O LA B PR SR E R e i K
WSk mztT:, B A oA RN Im R IE T 702,
B gy B R R ERE S, T LR BE
BITIE » 72 H 24 AU T O B B I — B 7T A
HysEH 2N ERE K EEY S5 3
) — PSR R R R E Y. B A
PR, B T EN O LS RS E B IR0 1A
i R A ORAP R AL Co L2477 55 25 BEAE FH B4, HE
FE AR K HEVA I, A0 70 7 B AN B R, R
PEAS, BEMEBAR, AR AR, CLgE iR
XAV 7 S R IR, s A LA I PR S FH
Rz fR . DRI, R E P R RS, D
P A RO UL M P R, JF sk 20 LA
MIZRiAA,  TXAR MR FE AT H v LR o7 s afi A o JUE
(RT3 o

EICEEAS B, RARIR-BEORILEY
[ poly[lactic-co-glycolic acid], PLGA ] N# AR kL
HEECHTT, PLGA % ki) iz ML R A 5t
LIRITINGE AR, BA Y, thRekase, HAER
RS E=110115 AR y/b b S N v SN P (TR A =1
TAPRIRI H R 1R AR 0 ] B g R 2 AR 5 1 o
Hag vl B R 2 A AL RE 7T, PR KR
(R0 JUL 20 B I S5

Bl Tt (quality by design, QbD) & LA
TS &€ 14 H br= i i 2 (quality target product
profile, QTPP) WAL A, W1 AZZHARE 7] 1) 14
SMBEIE R SR bR, TE TS5 e v AN
KETZSHH E, BT XER, #5050
R 1) ST R 24 it o AR R8T, ARSI T R
PLGA #KKifab 77 TZ A QbD B AHL &
ML JZ AR UEZ] S B, PO LR I I PR G
I7 B R SE HEr Bk 1R
1 {EEHH
1.1 Y88

Agilent Technologies 1200 Series /=5 R AH €L,
% E 2418 A F]; Hypersil BDS Cis B3 #E: (250
mmX4.6 nm, 5um), KEWRFFFHPITIEARA
Al; ZNCL-G #Re SR M1 dEas, TR T HAX
WA MIMEAF; SCIENTZ-10N i B4 i 1
WL, B Z TR %A R A F] s Zetasizer Nano-ZS90 ¥
TERLE ST A, B/R SUAXER A R AH] ;. Tecnai G2
Spirit TWIN 3% 5 L7 4% (TEMD, FEI A#];

Nicolet-iS5 {# B AR 2T /MG HE (FT-IRD X, EHE
Thermo Fisher 23 7] o
1.2 #8
THIETO I 188, HiE5 113H022, Solarbio 24 ;
PLGA, BRI INEAY TREARAR; W, Ml
HARFA TR AT, 165 20200917, R 2435 5
L5 C15735034, i /04 98%, gz siikAqb
BHEABRA T % 18 i s A, it &7 2k 98.5%,
it AF20050252, RMHIRIEEDIFHARA A
HPLC AR a4l . HRAE R A3 4y
Hradi s
2 HESH#R
2.1 ENEERTE PLGA 49KEH QTPP 54
JRERBE (critical quality attributes, CQA)
TR S ST SRR R O-100, g A i A 2 2R
SEEG, B AT BT AR R A,
WAL T PLGA 90KKLI QTPP, WL 1.
a1 P I PLGA 90Kk QTPP, 454
AT ARSI 208, RN LA 1) CQA, 455
LK 2,

*1 HEHRH PLGA 49KH QTPP
Table 1 QTPP of astragaloside IV PLGA nanoparticles

=R H AR 2 fi% HER H bR EL %
& MR Ao mengie PR
P! REMPATRL | Eck i 7
TR BT, iR | BRI MR

2.2 EERHE PLGA 4KRiaEI&

R B AR B AL 7 B B B R AL 7 & 1Y) PLGA
(75 1 25) TP, AN 2 mL GHUAER (PER-
ToKZEEL ¢ 1), R {H PLGA 584 VEfR . #1145 0.4%
TS VDU 188 IR AE /KA« K5 HUAH A K AR i
A 70 CIKH, AWAHEEETE 1200 t/min. 70 C
TNENKAF, JEIAFE#E 600 r/min, FH HLATIE
F, AEEER, T 022 um MALIERE, B, F
R RN HIE T N SL /NS E LD S A S 3
2.3 EHEHH PLGA kAP EREREFRNE
231 AV ECH] BRI “2.27 TR 7k
H 4 B R E KRR BT 10mL BT,
LIEHEBEIAE E R R R EL, RIS A
2.3.2 MRS AIECH]  BUZI “2.27 TR 7
P A9k 1T mL T 10 mL &34, M2
AL A BRI LR, RIS BIPEE
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Table 2 CQA recognition of astragaloside IV PLGA nanoparticles
Joi H o5 TN CQA G EMEBY
S B ANTEAR o SIS E R et TR
R To M [ A & R A 1) 771G B S e )
i 100% 4575 & & AR R B A S AR e TR R
B34 T AL Z 5

Zor#dEE (PDD 0~04 & RORL K /N3 5] 0 A e TR TG MR 2R R E
QYA =420 mV & ANRRL VR VR A O B R R
RANRETRE SERYAENEN I IZ & PR ART B bR AESZN 24 it B AL R

233 NFRESVAR I A  ORE SRR O R
i 10.0mg T 10 mL 2, H B ER B2,
E5 BRI N 1.0 mg/mL BRI F AT .

234 ik (iEFCA Hypersil BDS Cis £
(250mmX4.6nm, Sum); LAZFE-/K (35:65) K
WBNAH, HEFER 20 uL; AR 40 C; ZRIEEUE
W FS I ELSD S48 I3 B IR B &h 65 °C,
25 60, Sk 275.79kPa (40 psi), 511445 60%.
235 LEtEEE 4r I R U E PLGA 90Kk
PR 0T R R DA B IV, 3 0.22 pm
TUALUENE, 7E “2.3.47 Tta s 24+ Fit4T HPLC I
o B AT, SRR S X IR A TR
Eb 78 A [ F0 8 B IF ) Ak HS B E B0, 4% KRR
AR LI, WA v A PIRRDN SREe TG
FHAEH

23.6 LMEXRARFLE <2337 HURMEKHH
X R, FH R R A R VR FE A i 5. 10,

| s
[
A I
i
]
e e
B HE
C
4 6 8 10 12 14

t/min

1 AEREWNRA A). REFH PLGA HKEER
(B). Z=BEYXKHL (C) HPLC EliE

Fig. 1 HPLC chromatogram of astragaloside IV reference
substance (A), astragaloside IV PLGA nanoparticles (B),
blank nanoparticles (C)

25. 50, 200 500 pg/mL ] R F%FIE S, LA
IR X BN AR RS OO, IETRIRR XS (V) A
PARRER, cemfilbriE e, BEATLMRIE, 30
H R Y=1.2658 X+1.7129, r=0.9995, 4R %
B 3 WS AR 5~500 pg/mL 5 B IFHRILIE R R,
2.3.7 FEEREAL HUIK. L 5(5.50.500 pg/mL)
3 AN R A B TS F O R A, A “2.3.47
T E 2 T HEFEI S, B — R EIREIE 6 IR,
TSR LGN, THEAR R . S5 R R R IE
AL RSD {H A 1.32%, Vi BH1Z 75 NS % B R 4T
2.3.8 FarEthilEg  E “2.3.17 BN RIS,
I8 “2.3.47 DURNEIE &M, 20 507E 0. 2. 4. 8.
12, 18, 24 h BEFEHT, 515 35 B8 H A (1 W ] AR
RSD {4 0.85%, 1L BH BT il 2 (I A KR A e M R I o
239 BEEMRE % “2.3.17 HUnEHIS AR
W6 s 1% “2.3.47 TUN GG FKMT, THHA
TS AT B B0 RSD BN 1.57%, 45 B3R 11%
Tk EE M R .

2.3.10 fnAEEEREE FE% R 1 mL “2.3.17
TR A I 9 1, 4R 3 4, AN
TR, S BI0RES EIREE A G, s
7 (5. 50, 500 pg/mL) MOV, 1% “2.3.47 TR
IR HAT, THE R A RSD, I4F IIAE R
LAY 98.78% 98.82%. 102.64%, RSD ¥J/h T
2.0%, S5 RFINZIIEFF G E ER .

24 HEHBH PLGA HKNABHENMFHEN
M E

241 AHEFFNE B S mL AR EKHE
YRR B NIENTAEF, KHHIBAE] 80 mL
40% SRR BB i, £E 25 °C, 300 r/min 15
RBERE. 233 F3EHT 154 30 450 60, 75. 90. 120.
150, 180. 240. 300. 360. 420 min EUEHT ) 60
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mL, W4E%E 5 mL, i€ 0.45 um SALIERE, HERES
Mro BHE 2 A0, BEEIENTRS LK, FEHr
T ER TS E—EGN, 60~90 min, &
H P R RIS, S BT R RS
TR Z, SNTREENT A BN BT 4
PR KL TEAS T URTEIR ,  INTT 345 44 K b 60, 45
TP B RS R AT ok, Rt & s AT I ) R
90 min. fE “2.3.4” DA %A R bR E, 115
BZiE (W), FFREBIGERH T PLGA 49KH5
B 3.0 mL, A ZKEREFL, @A, FEER,
HEHE (W,

BERE=W s— W)W s
242 BWAEMNE MHEBN 3 mL mKHH
PLGA KR E T O FR 2 E e i RNk E+,
AT [EE-50 'C, JE3% 133.3 mPa (1 mTorr) |
6 —

N

1/ (mgmL ™)
\

48 h, HENRTHEFRE (W srpenn), BR TR 1%
H“2.3.17 TUH SR AR AL BT A PR S R
WBHETH SR (Wsrnese), THRBEZAE.

WETE=W wrneen/ W srmmnn
2.5 Plackett-Burman SLI% i £

JE X BB FE O PLGA 9Kk 7 Bl 26 T2
58T, Lladzis (X)), PLGA 54YFEIRE
FE (XD ISP E M (XD il iR (X
W/O HRILE (X5)\ BEIIIHRIETE (Xo) FHEENS G,
DLEEZE (YD), #ZE (Y. KifE (Y3) Ll PDI
(Ya) AFHESR, HMH Plackett-Burman SZ50 it
i 145 HH 0T B S R R AORT M o 5 M 0 2 TR TR 2R
BRIZR K e ilie 2k R 45 R W& 3. i Pareto
B 3w ST R B S WO AR AR
EEXT SR I PLGA GUKRDRARA BE T (P<
0.05); SR T EGKRLE) PDI A 3 5
i (P<<0.05); YHIF VD U5 70 O 351 I H PLGA
PPKRLI B LB R E N (P<0.05); M EH
T PLGA 40K 35 AR P KT 0.05, HiH]
BTG R 22 5, SOANHEAT 73 #r . RLE T € PLGA
SR L L A B DL AR i A
2, KHERAEN 3~T7 mg, KM E
0.3%~0.7%, LA W/O AL 8 1 1~18 1 1, RiH]
SB RT-RUNE T 7% (central composite design-response

0
0 0 a0 3e0 surface methodology, CCD-RSM) #—5 4t
FEHTIH /i 2.6 CCD-RSM Lt EHERH PLGA 4KKI4LT5
2 BFTEE 2.6.1 It %4 FiR Plackett-Burman 5550
Fig.2 Diagram of dialysis balance g, RILEBZE (XD, ISR ERE (X3),
% 3 Plackett-Burman SEI& T SR E
Table 3 Plackett-Burman experimental design and results
7 Xi/mg X2 X3/% Xu/C Xs Xeo/(rmin") Y1/% Y2/% Y3/nm Y4
1 3(-1) 7 (+1) 0.7 (+1) 65 (1) 18 (+1) 1100 (1) 50.93 2.65 119.43 0.248
2 3(¢-D 3(-1) 0.7 (+1) 85 (+1) 18 (+1) 1100 (-1) 62.12 2.33 142.83 0.578
3 7 (+1) 7 (+1) 0.7 (+1) 65 (1) 18 (+1) 1500 (+1) 61.86 1.98 130.97 0.131
4 3(-1) 7 (+1) 0.7 (+1) 85 (+1) 8 (-1) 1500 (+1) 54.95 2.86 79.78 0.217
5 7 (+1) 3(¢-D 03 (-1 65 (1) 18 (+1) 1500 (+1) 50.91 3.72 123.40 0.104
6 7 (+1) 7 (+1) 0.3 (-1) 85 (+1) 18 (+1) 1100 (1) 61.22 2.68 162.87 0.177
7 3(¢-D 3(¢-D 03 (-1 65 (1) 8(-1) 1100 (-1) 60.02 6.57 136.60 0.587
8 3(-1 7 (+1) 0.3 (-1) 65 (-1) 8(-1) 1500 (+1) 70.10 5.44 110.33 0.469
9 3(-1 3(-1) 0.3 (-1) 85 (+1) 18 (+1) 1500 (+1) 76.07 6.51 134.03 0.528
10 7 (+1) 7 (+1) 0.3 (-1) 85 (+1) 8(-1) 1100 (-1) 59.08 5.80 147.03 0.162
11 7 (+1) 3(-1) 0.7 (+1) 65 (-1) 8(-1) 1100 (-1) 65.07 2.79 81.26 0.194
12 7 (+1) 3(-1) 0.7 (+1) 85 (+1) 8(-1) 1500 (+1) 55.66 3.30 85.87 0.227
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A #&4 CCD-RSM IR ITH RN E
o Table 4 Design and results of CCD-RSM experiment
* 8 Ximg X% X5 V% Y% Ysnm  Ys  ODfl
X 1 6(+1) 0.4 (=1) 15.5 (+1) 45.21 1.96 120.90 0.114 3 0.376 6
X 2 5(0) 0.7(+2)13(0)  72.55 4.28 145.20 0.1620 0
X ; 3 4(-1) 0.6 (+1) 10.5 (-1) 74.21 2.20 132.20 0.197 3 0.448 2
Y {2571 4 7(+2)0.5(0) 13 65.30 3.97 145.60 0.126 0 0.323 4
: s 55 ; o 55 0.5 13 62.10 2.09 123.93 0.4093 0.590 5
AL R 65 05 8(-2) 82.86 3.38 95.74 0.23170.2326
B 7 3(=2)05 13 69.47 2.28 94.69 0.1070 0.717 0
8 5 0.5 13 64.51 1.77 108.77 0.1833 0.5155
9 6 0.6 15.5 55.29 3.43 154.63 0.1407 0.371 5
10 6 0.4 10.5 63.99 2.02 124.80 0.1323 0
11 4 0.4 15.5 58.05 3.56 150.80 0.2303 0.3139
12 4 0.6 15.5 78.39 2.02 103.00 0.1193 0.752 3
13 5 0.5 13 54.96 1.71 103.10 0.1997 0.423 0
i 14 5 0.5 13 57.56 2.06 125.30 0.396 0 0.537 2
0 SR 4 154 04 105 6160 5.09 123.60 0.301 3 0.390 3
C 16 5 0.5 13 60.65 1.87 145.40 0.248 0 0.562 2
17 5 0.5 18 (+2) 65.94 3.70 126.53 0.4817 0.3493
18 5 03(=2)13 57.75 3.21 126.80 0.1890 0
19 5 0.5 13 70.93 2.15 154.03 0.489 7 0.556 2
20 6 0.6 10.5 71.65 1.84 143.50 0.2307 0

0 1 2 . 3 4
B

3 HEKHH PLGA HKKIRIE (A). PDI(B) FIHHAE
(C) BY Pareto [& (0=0.05)

Fig. 3 Pareto plots of particle size (A), PDI (B) and drug
loading (C) of astragaloside IV PLGA nanoparticles (o =
0.05)
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PDI DAKKiAE 4 Ao Fabs B8 3EIH—{E Coverall
desirability, OD) NP HEIR. THH AR OD=
(ddo+d)"*, k FNFRFREL. X BUAE BT i TR 2%
(R, ) MEUEB/NRIFHIFER R Rz,
PDI) >XKH Hassan 51553 i T80 74 ok 19—
Ainax T dinin"1 12 BARR ZKF Sk B0 25 S W3R 4.

dmax=(Yi— Ymin)/(Ymax— Ymin)

Amin=(Ymax— ¥i)/(Ymax— Ymin)

2,62 BMLE KT7 %5t RHA Design-Expert
BAE, DL ODEX Xiv X3 Xs 347 k2 1k [a 1
TG . —xz A EH 8 OD fE=-3.10—
0.12 X1+ 14.31 X34-0.06 X5—0.63 X1.X3+0.03 X,.X5+
0.19 X3X5—2.99 X;2—13.30 X32—9.65 Xs2. J5 Z /0t
g5 (FR5) KW, RIEEEA P<0.05, KAPTUKF
ANEZE (P>0.05), R INE REF; BIHTHE
A VRE R (R N 0.907 8, IR IE R E REL (R24))
79 0.824 8, Ut AT UARE 82.48% i B AH
A S, HOTRR ARG . Ao, B di=E (XD
ATW/O FREE (X5) %t OD {E5HA B2 (P<
0.05), FHZRELZIAAFEELHAEH . EL OD HAAL
PR O ST 3D R5CR B LK 4

2.6.3 MmN FIFH Design-Expert # % L
R FTEASL M BCERRGEAT L5 0T, R T %
DA 2 ) B A HUE : SR Z5 8 5.03 mg. WISV
BIMH0N 0.48%. W/O ABRLL N 14.33 1 1. Xfifb
Je IRIFRIAL 7 EAT S UEEe,  SCIME AN TRINME 5
Wi M ZE AT 2.0%, 0 BF TR0 45 S vB 6 v] 5
WK 6. WIRKHTRASME CBAEILE S, H
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# 5 CCD-RSM Rt EVIERFESHT
Table S Analysis of variance (ANOVA) for CCD-RSM experimental results

WEKE  CFHA AmE O FH P1E 353 S HiiE  FE PiH
it 0.920 9 10.94  0.000 4 X2 0.450 1 4745  <0.000 1
Xi 0.240 1 25.18  0.0005 X 0.091 1 9.73 0.010 8
X3 0.015 1 1.61 02335 W7 0.094 10
Xs 0.091 1 974  0.0108 AP 0.077 5 4.49 0.062 5
XX 0.031 1 335 0.097 1 afi iR 2 0.017 5
X1Xs 0.034 1 3.61  0.0867 M7 1.020 19
XaXs 0.018 1 1.88  0.2005 R? 0.907 8
X2 2.254 1 0.02 08779 BRREY% 259700

0.55 55 Xs °

X% 04545 Xi/mg 11535 Xi/mg

B4 &EZEE3ZEER 0 R EE
Fig. 4 Response surface diagram of interaction between various factors
Fz6 WIFHER n=3)
Table 6 Validation results (n =3)

fevxk SEERIAE/nm PDI AT 22/% WG E/% ¢ HAL/mV - OD@\ AENH R ZE /%%
SEE S TA
1 124.9 0.117 70.24 4.16 -31.6 0.5515 0.539 1.22
2 132.7 0.134 63.52 5.21 —29.5 0.548 0
3 136.1 0.152 68.86 4.97 —28.2 0.537 4
AL AR TE-35~—15 mV, JBTYKAEH RGN A
ERR.
2.7 EEHRTE PLGA KKipIRIE
271 KRR EMEER KRS EEHE 5 10 s
KRR B MR T 4 COKBE =R GRERN K nm
20~25°C) MR, 4rAIFE 0~9 d JE I EBURE I E 3 B
SERIRLAE K PDL K/, B2 A e . 45 R
# 7. 4°CHF, PR PDI WA K; R,
FEJRIFEFI PDIA LTS, Uk, BEmHAK e o -
Fi 4 CHEAFI IR FE ¢ #fir/mv

272 GORKIEESFNE  HRBOERERKHHIIK
RLR S, WRBI b, DL 2% RS IR L 4y f5 7
LMWL, %1, BB NSRRI EM
KAIHAR, g R ILE 6. 25300 WKk 2

E 5 |ERH PLGA PRKKEZEST (A) KUK {BAL
(B) &
Fig. 5
distribution (B) of astragaloside IV PLGA nanoparticles

Particle size distribution (A) and { potential



- 4684 -

FED 20224FE87 $53% H 158 Chinese Traditional and Herbal Drugs 2022 August Vol. 53 No. 15

®7 4 CHERTEKRH PLGA JERNMIREN (n=3)
Table 7 Stability of astragaloside IV PLGA nanoparticles

at 4 °C and room temperature (n = 3)

SEYIRLR/am PDI
v 4°C I 4°C =i
1 133.5 140.8 0.119 0.175
2 132.8 140.4 0.131 0.210
3 131.7 143.2 0.126 0.244
4 138.6 135.0 0.140 0.295
5 136.1 144.5 0.132 133.8
6 131.9 155.8 0.150 0.396
7 132.7 156.4 0.149 0.339
8 132.0 147.2 0.137 0.438
9 135.6 159.3 0.145 0.507

6 FHEHH PLGA 45K TEM
Fig. 6 TEM of astragaloside IV PLGA nanoparticles

FEEEFBRIE, HIEHL RIKAHEREMSR .
273 WEHHFR FTIR 94T AR A
TEASONT 5 FF i () R T A 5 A AT R I AE R R
KA 4000~400 o' Y FEFHE, I R S LA
g, FT-IR 550878 (] 7), PLGA (50 :50) 1
C=0 Begrmgadrshie HITE 1757.94 cm™' &b, 2
887.91 cm™ A PLGA ] C-H 8 K45 iRahE,; £
B R 25 20 B B, 3 383.65 cm ! 4bA-OH
FIHERENIE, 454 1 112.93. 1 069.41. 1 048.17
em™!, NZRERFRIERHENE; 13 H LM
W, 52 AR A AN A LR R AR
ARAL, A LLAMRHIEVER I, R B2 T
BRI FE, S H X GRR RO 25
P FF ARG B2
2.8 EEEFT PLGA FKRipRINER

25 10 cm HIENTLR, ETZAMKF, Eik 20
min, 278 24h, FHZEEKIEYE, &H. % ER
HIAF B B T YURRLE BT @ TS, Ko
%, P HETW MRS B DB ERE E R

A T

.

A \ T
\b - \\/* ‘f\'l"""’\ A A r,,d

i o V
B 1\//’" ¥4 \ S, Ay _J
c P B e U .

“-\ — - b "\n F, Vi

4000 ‘ 3000 ‘ 2000 1000
v/iem™!

7 AR (A). HERHE PLGA 45:K4 (B). BWE
REFRERZ (C) B FT-IR 4N EE

Fig. 7 FT-IR detection spectrum of blank nanoparticles
(A), astragaloside IV nanoparticles (B) and astragaloside IV

©

EWTITENT R, B #8100 t/min, G
37 C, WHANFN 40% BT 80 mL, 43 5T
0.5+ 1+ 2+ 4. 64 8. 10, 12. 24, 48 h I [a) f HUFE,
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Fig. 8 In vitro release curve
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Table 8 Release kinetic fitting equation and correlation coefficient of astragaloside IV nanoparticles!'3-14
— TR PR ZY ENiR SR Lp S
AT R? AT R?
ERITE 0=1.01592 ¢+40.722 96 0.848 5 0=0.984 62¢t+24.916 12 0.694 7
—RITIE 0=90.654 73 [1 —exp(—0.198 87 £)] 0.9813 0=76.837 11 [1 —exp(—0.105 67 £)] 0.946 4
Higuchi 0=11.19124 ¢2+21.775 05 0.713 3 0=9.762 22 1'249.925 64 09131
Riger-Peppas 0=34.967 77 {2623 0.865 5 0=20.160 44 {3425 0.959 6
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