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Formulation optimization of synchronous release of Neiyixiao Compound
Sustained-release Dropping Pills and investigation on its releasing mechanism
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Abstract: Objective To optimize the formulation of Neiyixiao Compound Sustained-release Dropping Pills which could release
active compositions at synchronic rate and to investigate its releasing mechanism. Methods The Doehlert design and response surface
method were used to optimize the formulation. Four independent variables, the ratio of drug and matrix (X)), the content of
ethylcellulose (X;), PEG 6000 (X3), and stearic acid in matrix (X3) were investigated. The “interval of released amount” was established
as response. DDsolver software was used to fit releasing models. Results The optimal formulation was as following: the ratio of drug
and matrix was 1 : 12, the content of ethylcellulose, PEG 6000, and stearic acid in matrix were 12%, 30%, and 20%, respectively.
Under the simulated gastrointestinal pH conditions, the values of similarity factor (f;") of ferulic acid and ligustrazine, ferulic acid and
tetrahydropalmatine, and ligustrazine and tetrahydropalmatine were 53.37, 56.17, and 57.85, respectively. The release profile of ferulic
acid complied with first-order kinetics and Higuchi equations, and those of ligustrazine and tetrahydropalmatine were in accordance
with Baker-Lonsdale and Ritger-Peppas equations. Conclusion The optimal formulation of compound sustained-release dropping
pills makes it possible that each component could get to sustained-release synchronously. The release mechanism is diffusion.
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AL\ AE RGPy 20 I, LR R V%,
XA R S Y AP IRAT TS, C A R R
RIAERS, SAER T T KA 2, it mil
H RIMNAE 4 P9 5700 R TR AT 6 2
5275 2GR I U [ 5087 25 BRI K )
BT 2Ry B2%, F Mo
BACPE R ZE S B e M) A P Jo 4% S PR A 2 3 A
SR RN X 2 [RID RS, W 525 b 25 R il 1)

Rk 2], H AL B IE ST 3 i 2
SR ERE . 2 PHEIR T 2 6 MR 25 B AR
# T EITPSEBWAL, R NEE 7iE pH i
ST, SEILT PR By LR B Ak
(R[5 BB, R 5Pl b o B 2
Y, & 30% R 971P & 28R K AE /KA L
TS = B R B T R —— A S BT
Rgiw AZRETH Rby AI=-LEH R WFEDRIK. 5
BRI AL, BT N STl 525 & 415 IR A
JEAHZEEOR, H3Z pH {E0 (£ 0.1 mol/L HCI A
pH 6.8 [1] PBS ZZifirh, FBRIR. 1125 R A AE B 2R
LEMEIRE DA N 05, 2.4 mg/mL, 11. 33
mg/mL, 0.25. 0.01 mg/mL), X [FPREA T K T
LIPNINE?

A 50K FH Doehlet $v1- Wi W i TR AL 7% Py
S T SRR AL DT AT, ST T
S5 3 P ARSI RSP R . WA v N
S T A R ARSI IR, mT Oy 25y
GRS AR R BRI 22 S BRI -4 4 1 )
ARt 5%
1 XE5HH

D101—S & g aCIaiEm B CFINE
WA TSHARATE D, D800—LS % hE ¥ kKX
(RRRKREHEA R AT]D, FA2004A K7 (FEERZE
B {2 A R A ] ), Agilent 1200 5y RO AT (4 15X (32

[ Agilent A7), KQ3200DE M $45 48 7 e i vk o,
WALEE CAH, WKER 0.5 mm, HHEA BRI
10 cm, AEE K 20 cm).

BIgRme . )50, R LE JREsHE >
98%, PPN A RHEAERA R FIE (S
110773-200611) JI[=WE (H#t'5 110817-200305)-
MR OE IS 110726-200610) G O
2SRRI R E BT s IR G BT T
HIRAFD; LIELHEZ (EC). 2B 4 6000 (PEG
6000). THfEEE (SA) FIEAAE RN H s (GMS),
RIORREOURBEARARAF; FEE (fafkai); HaK
bbbk TR
2 HikE54%

2.1 MEIRER. /IS8, EHRZENNE

2.1.1 GRS R ORGSR ST B GT
25.0 mg. JII BN 20.0 mg. FEHIR L X
i 10.0 mg, H 80% HREH AR o w53 25 mL, 1EN
TR A 0T Lt i 25 VR o

2.1.2 ARSI EI BOR AL 20 R, REEAK
52, WA, RESEARECANRY S0 mg, BT 50 mL &K
W, N 80% H I IE &, /KU S B LS AR,
TR I FH 80% H 0.22 pum FAFLUENEES, 1F
PR -

2.1.3 masf ikl Agilent Zorbax SB-Cig
FE (250 mmX 4.6 mm, 5 pum), WEHAHN HEE-0.5%
BEER A (52 © 48), B 0.8 mL/min, FHild
30 ‘C, Ky 280 nm, HEFEE 10 uL. 76 LR
WERAEN, RCE . BIBLRRAN)I E 05 1 O B I R
39k 3.97. 5.124 7.80 min; & AN ALLEAH N A4 B
I () b3 TE (i 0, B AP L E M. B I L
Kl 1.

2,14 LMERRFE Sl WHUR SR it £
1.,0.5.0.2,0.05.0.01 mL, F 80% HEE &2 4 10 mL,
FRANIR] BT L RS HE SR, 4 “2.1.37 T T (il
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Fig.1 HPLC chromatograms of blank dropping pills (A), mixed reference substances (B), and sample solution (C)
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SAERRE T 1FBIBEIR . ) ZRRIE SR LRI
PEYE 250k 1.000~100.0. 0.800~80.0. 0.400~
40.0 pg/mL, [FIEJ7FE7 70 Y=10.147 X+1.500 4
(r=1.0000). Y=23.035X—4.2584 (r=0.9999).
Y=9.903 4 X+0.6652 (+=0.999 9).,
2.1.5 WEEWE BN REE TH N (h=6)
KHIE (n=5) K#EEHL. PRI H PN AH H
R 55 B2 54 0.54%. 3.16%, I Z5BE(K) H AT [8)
K525 2005 h 0.75% 2.42%, FEHIR LEH A
I TDRS %5 B2 235018 0.69% 2.73%.
2.1.6 EEMERLE  HUE AL, % “2.1.27 I
A AL T, W 2 DA AL e 2R
M. N EBERGE R OENFREDS DR
(53.541+1.46). (26.44+1.37). (8.94+0.41) pg/mg,
RSD 73510 2.73%. 5.18%. 4.58% (n=3).
2.1.7 FEMERE BT (37+0.5) C
WOGLEG 29T 04 4. 8. 12 h HUEE, .
FFRBRIR 1|5 R L B 2R £ 2% 43 440 RSD 43
M 1.97%- 0.64%- 1.08%, BiAAHRMER (37+
0.5) CEEGAFH, 12h WAE .
2.1.8  NAERIRERIRES KRR “2.1.57 thicifE
Al 52 2990 1R () ALAIK 20 mg, ' 100 mL &
o BRE B M BREIR . )1 5 R R AE B &R L ZK)
WA, . (0.5, 0.5, 0.5mg, 4.0, 3.0. 1.5
mg, 8.0, 6.0, 3.0mg) 3 ANFlE. % “2.1.17 mifk
R TR, HPLC 05, ke b
W, AR, . g T BT BR IR 1A [ 4y Sl
H (9523+1.97) %. (97.01£1.24) %. (100.58+
0.69) % =M IIAE I 430 2 (94.97 £
1.45) %. (96.26+1.38) %. (95.444+0.96) %; &
R QR PIFEEN R 200 (96.05 £1.84) %,
(96.98+1.21) %. (98.34+0.87) % (n=3).
22 EABIHEFE

FEPRES A5 [, FREUAL T =11 PEG 6000
EC. SA 1 GMS, M#VERLSEIMAZY), 7050 Btk
TRAT, ARFFZIRSE N 90 C, AN AR
Alk, WHIEEER 12~15 cm, #E A %) )5 HCH
o, FUELRER 2R v e, RIS
2.3 EABIREGERE

KA (R E 25 H) 2010 4 RROM S [ H RED
VRIRES 3 CRIKD, BB T CRiF 2 h 24 0.1 mol/L
HCI, 2 h 542 pH 6.8 [f] PBS ZE 1) AR A 900
mL, #3100 r/min, @ (37405 C, Wik

Mg, S3HTE 1. 2 4. 64 8. 104 12 h BUFE 5 mL,
RIS M FE BT A S mLo HUFEIREE 0.22 pum T fLIE
g, WE i, R RPEBELE (),
xR Mg . [FVEIIE JsUR 2 RSB, HURE
i) A4 0.25. 050 1. 1.5 2. 3. 4ho

FURT R 1) OV Rk 2 S AL R 25
AebrdE, F€ DR=(0;—0.1) X(0.3—0)+(0s—
0.4) X (0.6 — Q)+ (0s—0.7) X(0.8— Q)+ (Q12—
0.8) X (1—01) 1ERTHMBVRIBEEPEM HEhr . 7 HE
(R SCh : AL 1S 44 84 120 [ Q N HIHE 10%~
30%- 40%~60%- 70%~80%- 80%~100%][X.[H]
Wo 4 O fE I 0T X R] B, i ZI%) DR H 1) 5t
BR A 97, T DRSO, BEZiPERe S Hbrallidi .
2.4 Doehlert it LHIEILZE
2.4.1 Doehlert BEHHHEFE" e FIRLE (O HEAE I,
LR (X)), EC ET 4 (X)) PEG 6000
JUEE (X)) I SA s 8 (X 1EAFEEEN
7, SRRELCHE NN 1D 6~11 14, EC
FE L 0%~20%, PEG 6000 JitE 4 30%~
50%, SA U4 20%~40%. % Doehlert B 14
A0 3
242 WRIGLEE % 227 TRTERIE AL, 1%
“2.37 TME R ER, THH DR, 4R MK 1.
2.43 RS H SPSS 17.0 it #tt, LAYEM
FEbrat & B EHAT R SR A RIS,
RS 0 B 3 5 2 AH 0 R BN T7 22 03 BT R A GE

“IRE A TTHE:

F88:: Y=—1.548+0.058 X;+0.036 X,+0.001 X;X,
(R*=0.548, P=0.043);

JIEWE: Y=-4.5374+0.242 X;+0.112 X;+0.086 X;—
0.006 X.X;—0.001 X;> (R*=0.546, P=0.021);

SEHR L3 : Y=-0.745+0.040 X,+0.017 X;+0.019
X,+0.002 X, X,—0.001 X,.X; (R*=0.683, P=0.021).

ERVE2IEE Wiy

FT#iFR: Y=-1.169+0.037 X,+0.031 X340.019 X,—
0.004 X,240.001 X,°+3.038X 107 X,.X5>+3.946 X 107> X,°+
6.939X107° X,2X,—1.900 X 107° XoX2+2.618 X107 X,°—
4.659X107° X3°X,—3.606 X 107 X3X,2+1.357X107° Xx,°
(R*=0.987, P=0.028);

JI#5E: Y=-3.208+0.058 X;+0.010 3 X,+0.069 X;+
0.045 X,—0.012 X,2+0.002 X;*+7.840X107° X;%X,—0.002
X2X,40.001 X, XX, —5.158 X 107 XoX42+5.214X 107 X2 —
5.379X 107 X32X,+5.341 X107° X;* (R*=0.983, P=0.039);
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Table 1 Doehlert design matrix and measured results
P2 KK DR
IRt as)
2Lt EC /% PEG 6000 / % SA/ % P LR NE TR L=

1 1:10(0) 10 (0) 40 (0) 30 (0) -0.0043  —0.1643 0.012 8

2 1:6(1) 10 (0) 40 (0) 30 (0) 0.006 0 —0.136 4 0.008 6

3 1:8(0.5) 20 (0.866) 40 (0) 30 (0) 0.0139 —0.011 8 —0.038 5

4 1:8(0.5) 13.34 (0.289) 50 (0.817) 30 (0) 0.000 8 —0.130 1 —0.004 3

5 1:8(0.5 13.34 (0.289) 42.50.204) 40 (0.791) —0.154 4 —0.613 4 —0.082 1

6 1:14(-1) 10 (0) 40 (0) 30 (0) 0.029 2 —0.1150 0.0159

7 1:12(-0.5) 0 (—0.866) 40 (0) 30 (0) -0.018 8 —0.324 0 —0.088 4

8 1:12(-0.5) 6.66 (—0.289) 30 (-0.817) 30 (0) —0.036 2 —0.092 7 0.026 9

9 1:12(-0.5) 6.66 (—0.289) 37.50 (—0.204) 20 (—0.791) 0.029 8 —0.124 4 0.0239
10 1:8(0.5 0 (-0.866) 40 (0) 30 (0) —0.002 8 -0.1779 0.014 1
11 1:8(0.5) 6.66 (—0.289) 30(-0.817) 30 (0) 0.028 4 —0.089 4 0.0250
12 1:8(0.5) 6.66 (—0.289) 37.50 (—0.204) 20 (-0.791) 0.0199 —0.205 7 —0.026 3
13 1:12(-0.5) 20 (0.866) 40 (0) 30 (0) 0.0300 —0.138 0 —0.008 0
14 1:10(0) 16.66 (0.577) 30 (-0.817) 30 (0) 0.009 3 —0.2175 —0.024 9
15 1:10(0) 16.66 (0.577) 37.50 (—0.204) 20(-0.791)  —0.088 2 —0.4314 —0.0156
16 1:12(-0.5) 13.34 (0.289) 50 (0.817) 30 (0) —0.169 0 —0.696 7 —0.067 8
17 1:10(0) 3.34 (-0.577) 50 (0.817) 30 (0) —0.051 0 -0.323 7 —0.009 8
18 1:10(0) 10 (0) 47.50 (0.613) 20(-0.791)  —0.042 5 —0.550 0 -53X%107°
19 1:12(-0.5) 13.34 (0.289) 42.50 (0.204) 40 (0.791) —0.089 7 —0.4252 —0.0399
20 1:10(0) 3.34 (-0.577) 42.50 (0.204) 40 (0.791) —0.051 1 —0.1919 —0.0213
21 1:10(0) 10 (0) 32.50 (-0.613) 40 (0.791) 0.0229 —0.093 2 —0.007 2

TR ZFE: Y=-0.809+0.028 X;+0.014 X5+0.016 X,—
7327 X 107° XX 4+3.654X10° X,° —1.885 X 107° XX, +
9.980X107° X;3—2.144X107° X;2x,—3.280 X 107° X3 (R*=
0.906, P=0.046).

XTEEPTA v W, =k 2 I A G R 5L
B AT k20, Mok =k 2 0 A A

Jikg.
2.4.4

RO et RS 7R, A Origin 6.0

*2 BEIEMMEUEER
Table 2 Optimized range of each factor

X X/% X%  Xil%
K] BT 1:12~1:14 6~18 30~42 20~22
L= 1:12~1:14 0~12 30~46 20~36
WHRLE  1:8 ~1:12 6~19 30~33 20~26
SEERALTER 1112 6~12 30~33 20~22

B G3  Z ) 25 DS 25 5 s (1) — A 20008V T FH — 4 55
L R R AL, AR 2.
538 2 MEEEIAIE B BE TS, IR IR o R 24
FIEEPE, w2 R B AN T 235 X
H112, X5 H 12%, Xz h 30%, X4 K 20%.
245 AT AIARSMET. FTAE T “2.27
TR 7y a AL, LA “2.37 TR J7 v o i AL
20 BAVREEE, Rt 2, BT SRw AL
AR PR B2 DL 20 AT L, W REA T
WZRENE.

KAHBIA T (6 W% SRR 211
HIBLEE . DDsolver #F-HH5 f , FIBLIR 5 )1 50
() AN 53.37, BIBEIR SAEMRZEM N
56.17, JIEERGIEHAR LRI £ N 57.85, BIK
150, W3 RSl TR

I3 M43 J12% i #2E . Higuchi J5 2. Ritger-
Peppas /7 F£ .« Hixson-Crowell /7 F£ 4l Baker-Lonsdale
J7 RN & 2R IR 2k AT HU5, DDsolver #AFit
AR 3. AIC /)N, MSCHBIR, Ry B
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Fig. 2 Releasing profiles of Neiyixiao Compound
Sustained-release Dropping Pills and

crude drugs in vitro (n=3)

Ko UG R, 2 3 arsn, BB — %
I E TR G R, HRFTA Higuchi J7E;
EERIGEH 2 22 ) Baker-Lonsdale J7 Pl 5 5%
Uf, JRFFA Ritger-Peppas J7Fi; Hixson-Crowell
J7 R B G RRAR 22 o Ut B 2590 BRORE TBOP LR A 3 1
ANAELE B S o
3 itie

WESCRRE I I T T2y, RAMNEEZiMERE 2
—ANEEPEM bR H T2 2 R AN I )RR
AT PR, — AN T SR — A PP R bR . X
FRPPON i R B et 22, v BE DR R b 2 KT TG 92
PG R, HIMEREER: b, WARIRL
AR 25 A . AT I “REBX [A] 7 [1)

Table 3 Fitting equation of releasing curves

*3 BRh&mEsE

B R 2 ) AT Ry AIC MSC
—H ) 1% B 2 1 0=100X(1—e >3 0.996 2 21.538 5.280
JI s 0=100X (1—e %25 0.759 1 45.587 1.138

TR OH 0=100X (1—e *133%) 0.788 8 44.437 1.269

Higuchi Py 2 0=0.267X (t—0.592)"" 0.989 2 29.495 4.143
NI B 0=15.486+20.283 1" 0.965 1 32.790 2.966

TR OHR 0=8.773+20.090 ¢ 0.981 1 28.614 3.580

Ritger-Peppas BT B 1% 0=21.431 % 0.977 2 34.741 3.394
JIEET = 0=33.898 1% 0.980 3 28.775 3.539

TR OH 0=24.034 4> 0.987 7 25.264 4.008

Hixson-Crowell ol 281 P 0=100X[1—(1—0.047 1)’] 0.976 3 34316 3.455
JIEs g 0=100X[1—(1—0.053 )*] 0.555 6 49.873 0.525

TR LH 0=100X[1—(1—0.041 £)°] 0.643 2 48.108 0.745

Baker-Lonsdale P 2 1.5X[1—(1—0/100)**1=0.016 ¢ 09183 42.969 2218
JIEs 1.5X[1—(1—0/100)**1=0.019 ¢ 0.986 7 25331 4.031

LR LFH 1.5X[1—(1—0/100)**]1=0.014 ¢ 0.994 2 19.716 4.858

WE, AR ML — N EUE, BERXS 2
ARSI, R T TAER, fAfii. >
AN ]

TR A I, PN SRV 57 DRI AL P e KM A
ET)NERGERE . NS WKEELr, R 258 4
W PIEHAIAS AL 15 min, B LUEEER . PEG 6000
R IS TR YR R A R SO 46 TR AL, )T S R IR 5
FERLN AR, 1 h BEBCR Rk 60%~90%. 1ij T
FHELGET KB R, s skl A thaie
ST AL 3 AL REI IS, e A B N
N2 1) EC REH U0 Hhpd 59 )11 25 R (1) SR 30N

S 3 AL RID R 2

FETRIE LA b, ARSI X AR I IC L AN 24 2%
FEHEAT T o T8 TE AR 4 A BT 5 i R 32 1 A
AR, FRbRS M R 2 2 A AER R R,
MR ] Doehlert B8, ka8 vk £ 0 a0 A ik
A HAET, ROV BRI 2 &R
TR, DECRH S OTRE, TR, B
G TR 2, WO R W e A TR
ARSI KA 562 R RO A, (ARE TR
FHRFREL r<0.85, AR Z, HOAH T =7
o ARSI ) =k 2 T P<0.05, r>
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1. 21 4. 6. 8. 10, 12 ho i J5URIZUREJBCH AR5 R,
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M A G — IS TH) s U o Oy B G M AACHL SR} 245 RO RE
oK, Wil 0.25, 0.5. 1. 1.5, 24 3. 4h HUFE.
WAMBETR B A 2, AN AR AR AN ]
B . Higuchi J5 R AR 251 B A 55 th A i)
VB, YA T R AR AN 2 )8 AL R B L AR
715 Hixson-Crowell J7 F2 1R 25 (LT 32 2L 5 lt
ifii Baker-Lonsdale A7 (R FEOMLA 3= B9 01,
ER L AR 75, Ritger-Peppas J5 2 [ I 8] T F8 41
n=0.43 if, BEJEHLHIA Fickian § 1, n=0.85 i},
BEHLE R Case-Il ¥z, AT PI&ZEm, A
non-Fickian " B{"*e 3k Py 591 5 07 ERERI AL 5 5
Hixson-Crowell J7 R & RO B2, Ui AfEAE
AR, X 5B 12 h G AE RGO
Fre BMLS — 8. MR EZLY O E,
PEG 6000 & /K¥ ik, JEMALIE, I Bus@it 2w
250 JE TR . T RO B A AU
B SR AR RE TR T B - 25 )
A 5 H R B S R ARK, T 1P 24 400 o] 0 1 R ik
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