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Development of andrographolide colon-targeting release pellets based on quality
by design (QbD) approach
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Abstract: Objective To optimize andrographolide pellet by using a quality by design (QbD) approach. Methods Usingthe
cumulative in vitro release as evaluation index, the single-factor investigation and hazard analysis were used to study the core and
coating process of andrographolide colon-targeting pellets, and the central composite design-response surface method was used to
optimize and predict the three key factors of plasticizer dosage, aging time, and coating weight gain. Results The optimum coating
process parameters were as following: plasticizer dosage of 3 g, coating weight gain of 20%, and aging time of 1 h. The process had
been verified that the optimal formulation process had a cumulative in vitro release of 6.9% in the acid phase (0.1 mol/L HCI)-buffered
salt phase (pH 6.0) and a cumulative in vitro release of more than 90% in the pH 7.2 buffered salt phase. Conclusion It is feasible to
apply the QbD concept optimization in the study of andrographolide colon-targeting pellets.
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B4 I 96 A0 v 2 T 32 s R AN BH 1) 18
P HF 7 M 2 ORE Pk % 7 (inflammatory  bowel
disease, IBD), ZK T &M, MATHFRETER
7, IBD 7EE AN R Z0E 3 e BT
AN GRS RE RN ToRE s ER G i, 1BD
# WHO FI AR IRARER

70 N RN ER RO E B Y L E
Andrographis paniculata (Burm. f.) Nees #2453 2|

ks HHEA: 2019-06-19

P mE NERRAE Y, R OERNFEER RS2
—, HAPREMEY . RS Pii. gk
. PRIFRIE . BUBE SRR, #E ARAIAER
230, W FUIREH, 0o N IR I8 0 A% A % TR
T-«kB (NF-xB) 5 DNA #EERETRIER, B
VEE Y i o P 485 i 6 AN o 0 TR B B R YR 9T
PEFIBL, B 1A 2 Fh o O35 PN I AR 3L 388 1 e i)
A CangEE R FOERES, HIRT S g

EZE®N: Bk (1974—), 5, TR, MSEh 2kt b 2l pE sl 5 © B b 2 AR e m it 7.

Tel: (022)26736882  E-mail: xcx@tasly.com

*BEEE & 8 (1980—), 5, MBI, I Zitf b 2 5 i s il S AR 7T . Tel: (022)26736501  E-mail: gaozhan@tasly.com



23

Chinese Traditional and Herbal Drugs %5 503 5522 3§ 20194 11 A

* 5463

WAL B MiE ARSI, 3 A5 75 45 B A F 24
VIR LA, M DURIE SR 3T 9897 3L, T Al i
ZiE e R EEEEE . R L BARHER
B2 ARHEMG ZINATTE,  IGIR IS 52 28K
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N B WG TEA FRBA AR pH 8%, @it 5
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HIUREY RGBS SR Ar kAR, #E—Pig
T AEIER, ISR A R TR g N, R
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PR 75 S220pH 1, KR #I-FEH] 2 A F] s Agilent 708
DS 4 HaE A, R HR AR YQ300-2
ST, SR Lo R LA 1 3 A PR A A
Mini250 BUREFT KRB, RIIME TR A Al
FBM3-15 ¥ SR AL, WivT/IME Sl 2 WU A BR
NTE HOENEE, LS 151005, & $0>98.0%,
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BT AR A CBR F A4 ey (3dE),
#it'5 TN14827344, FMC BioPolymer /A #]; FRHI %
FAEFREN (CMS-Na), #'5 20150534, WM EEEZY
WAHRAE; Rhk (Bmdo, #it's 1510027, 1%
PAESSiiast /R s s 2SR E/NEI
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Table 1 QTPP of andrographolide colon-targeting release pellets
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Table 2 CQA recognition of andrographolide colon-targeting release pellets
R Hir TN CQA AR
ShR AR & SIS HE R 2ok
aLs TERE [ a I 11T S A )
PN KIRL R TT TE ¥t a JRFER T RAMKIE LR TT TE et WA R 2 TR
HE 100% 37 = AR B A B S et M uEtEH R, 2L 20
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FRBHER R R IR a AAnBRAE KIS B HATE R, Tois i B A
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TR 4 b, ST ERGER, 31 S5RE.

()92 1) % AN B 28 O T2 P T ) 65 1 A T R 2 L
g, RI452E ).
2.3 FLEARSRIEENE
231 @i R Waters 8 = 0B A5
it 454 Waters Acquity UPLC HSS Cis (100 mm X
2.1 mm, 1.8 pm); #3850 C; AAFA & 0.5 mL/min;
BEFER 2 uL; KPR 225 nm; B A NFREX
WElE &4 0.14 g, 11 1 000 mL #BZL /K f#, i 0.5
mL g, JRA, JE, RIS, WaiAE B AHEE-4
i (10 1 90); HRFEBEMRET WK 3.

®3 BEERER

Table 3 Gradient elution procedure

t/min A% B/% t/min Al% B/%

0 80 20 6 77 23
2 80 20 7 80 20
4 77 23 10 80 20

2.3.2 WIS B PREUEE O P R X R
15 mg, K% HE, £ 100 mL &, PR,
A 25 min, FARER, JFMTECAEEZE,
Ay, Wi,

233 EHASER PR BRI A 30 me,
KRR, 4100 mL &Effif, MAENEE, A
25 min, A ZRER, FINFECREZZE, %5,
HIFC

234 HEMERE BUZ “2.27 WUN HIEHIE
FIA T 2 7 B 28 O 32 PN B 0 LR A ik
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FNT 2 O Y T 0 5 TG T4
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Fig. 1 Specific verification chromatogram of content
analysis method
300.0. 500.0 pg/mL FXFRE AR, #RE), BEI.
% “2.3.17 U ERESRARINE . DLZE O3 P B HE
AR R EE (XD SFIETRIAR (YD) AT 2tk (a1,
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0.999 9; 1] WL 2500 E N R AE 10.0~500.0 pg/mL £ 1%
KRR
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HE MR
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B, JZHIFIAE TR 70% 100%- 130%4% % F &
ZE T R R A AT B B, 1% 92.3.37
TR 7 R A, 1% “2.3.17 TR el ok
PEE, THEECR. g5l mE. . K3 ANREK
JEE R AR i 2O Y B )~ B8 [T 2 98.49%,
RSD N 1.1%, [HIWCR B 1T,
24 BREMNE

HUA A, SRA (P EZ588) 2015 A2 RRIE N 0931
Tt R SRR W s R A gk, RIS E . R
AL 0.1 mol/L EhFRVA T 500 mL, pH 6.0 TR
theg i (PBS) 900 mL, pH 7.2 PBS 950 mL. 1R
P EIAE AR s i ], 1B AR S 7E 0.1 mol/L
RV 2 h (100 t/min), 7E pH 6.0 PBS 1 h (100
r/min), £ pH 7.2 PBS4h (50 r/min), TH5& REUEE
TR
25 HERER

A S B8 AR TS B 7R e B M PN PR A, S
XA AL T T2 5 GRS AT R R H 5
251 BUEFIMSEIIERE  ARSLIRZS S5 R BV
N 256, SHAR Vi 188 FLF% . PEG6000.L-HPC.
Wil K CMS-Na {ENBhEREAT T %%, #%18
“2.27 TR J7iEHA LS, g HAE pH 7.2 PBS H

1 h FURECR, S5 4. JHIRID U 188 X AL T7
(B BOR B b, FLR TS MR P AR AR 3t 25 0
E TS LSS R H

252 WEFIFCRIER:  RIEBIE AL PR SLI0 45
JER T SR FUSCHR, AR SRR A A R T
AT T %5, R IR 5. fE KRB GPOTINF i
TN 0 188 f5 AT B 5l o5 2 FL R s

253 BEWUERILLEIRER 456 CRHRF
MY BES 4 SRR IS 2 A ETUR
FEESR, ®-EHiR GPO1INF. Wb U 188 kb
J5 e BT IR IR R L, WK 6. LREUE. HERFE.

R4 AR R
Table 4 Research results of cosolvent screening

BV 7

JONEEH/% pH 7.2 PBS 1 h BHER /Y%

TCBIIETR (R ) — 12.56
THIS VDR 188 10 22.25
—IKHLKE 10 12.93
PEG6000 10 16.01
L-HPC 5 9.30
BY8:buY 5 10.71
CMS-Na 5 10.58

&5 MEFMMRESR

Table 5 Research results of excipient optimization

W74k 7 I LG 1/% /% pH 7.2 PBS 1 h BEJE /%
FRiE (B 30 50.1 64.93
RRE (ERZO. HETOH 188 25:5 62.2 76.88
R GPOTINF, MCC 25:5 92.7 54.65
FHiE GP379NF. MCC 255 NI 55.46
FHLAR GPO1INF. V&V 188 25:5 88.6 73.82

%6

SHRHL BITF L LS R

Table 6 Selection of proportion of pellet core to adjunct

i GP1INF : iK1 188 T ERG W HERE/(gmL™")  HERE/% pH 7.2 PBS 1 h BHE %
2515 ik 77.56 0.57 4.7 68.70
20: 10 ik 73.00 0.52 1.5 73.00
15: 15 WEA4SR, X DL AL — — — —
MERERE . BECREAE R, AWHMREACAT R 255 RWEEAERE RIETEREREZ 1 &

i GPOTINF-1¥% b4 188 (20 © 10).

254 FrHEERFELE  HrHEE S8 200 30,
40. 50 r/min, MR “2.27 TR 7 iER&HIE], BF
Wl e R, 5 R 7. Hrih LR A 30 r/min
I, R, DS, AR

BN 500 r/min, FFEE 10s, ATIAFIRAT 5] 4)
fi, TESREEAN b, XFEE 2 BB B 4 il 5 RF L [H]
HATHEE, ERNE 8. R 2 BrBFH A 900
r/min, FFEEHSE]A 50 s B RALRCR B AT, FuiRtb5,
H I8 -
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Table 7 Study on extrusion speed

B B34 /(r-min ) HI2E 3R
20 g, SHE
30 g, S I
40 N5, R R
50 B, K

R8 REHERE 2 MEER
Table 8 Study on second stage of rolling speed
TR/ (rmin™) B E]/s B
700 120 HEZESR, A48
800 90 WA ZES, T
900 50 AR, Tk
1000 30 WS AT, TCARt

%9

2.5.6 WA SHER AW ATEL
pH B IR 5T i 1 AR AL AT AR, I E
FARSMREIUE . G5 R IR 9. SR B R A AT
FFT S100 EEyATERARM RIS, 8 FT A B A
R ORFF AR FRIRETR, A3 HR1 751 e 1 28 45 i A v I R
BT o
2.6 BESNSRBITFEFEARIBESR
ASHIEFE R A 0 Wi 16 T 0 W 5 S B 1) Rk
(hazard analysis and critical control point, HACCP)
BEAT AR SCHE K RN ik . ¥ 5 IR I o B
AR FER M K R AT SEH W, e RS
AT RS e v R SR B R B AT AT 7T . AR LR
10, R ERGBFIHE. AR E 52NN
R E

TRIBRMBHRESR

Table 9 Study on formulation of coating solution with different coating materials

A K} 0.1 mol-L ™" ERERVA Y 2 h B/ % pH 7.2 PBS 1 h B /%
S100 BEFE MR 0.28 78.20
S100 7K 43 Hifi 3.50 70.69
S100. L100 JR &4 0.35 73.65
L30D-55 2.69 83.77
Fz10 BRIBERESH
Table 10 Hazard analysis of coating process
faERAEN fBEREN  RKKEE
e RE fa - 1t

ArRetE (L) ™#EME (S) (R=LXS)

1 ARGFPRE KR, AR KK

2 PIEGIAE AMERSER RS, SRR R
3 MERFINE HEN RSN, SECRBISmES, Bk

BTN
4 QRMWGE  HESESGR, SECRBIG AR
KAERELIAT BB A e 58 R Tl

50 2K 2R KEG R, BAREAR A RS,

FEREZR AT R

1 1 1 R FKIEFES
1 2 2 R FKIEFES
2 3 6 {5 FH S I T 5E B8
3 3 9 15 FH S I 5E B8
3 3 9 {5 FH S I T 5E B8

27 EREH-HEEERUBERIZE

JHIE HACCP 3 #frik ik Hox 28 0035 N R &6 1
TENLRBE UL 24T e 35 1) 3 MRS
HYEFIAE (XD BAAEE (X)) 5ZHEK (XG).
Pliz 3 NMHEZNFEEN G, DR B (0.1 mol/L
HCD - B (pH 6.0) BRUASMNREECE (V)
RNV FRbR, MRPEE SRR, MRER S K
F, A E-a. —1. 0. 1. o KFER [3 BEE
BT a=2%)" ] AREBEFTIRR I SEBRERIED)

PR 11. R SR - RN RN 5 0% N
P 45 i 58 AR UMV LA T 2T Ak « P 27K
AETTAACIRES: 2 HE S a5 R AR 11
AHFFCAERFT B (0.1 mol/L  HCD -ZZph#hFr
Bt (pH 6.0) REPUAIMEEIE (V) AFEAREXS %7
FAT Z e EA R 2 T, 2 okt m e
Y=bo+b; Xi1+by Xo+bs Xz, 2 WAIE: Y=bo+
b1 Xi1+bs Xo+bs Xz3+bs Xi2+bs Xo2+bs X32+by
XXz +bs XiXs+bo XoXz. HRHESS R 2 e itk [=]
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Table 11 Program and results of central composite design
S ass Xi/g Xa/% Xa/h Y% | LRSS Xi/g Xo/% Xsh Y%
1 1.81 (-1) 25.95 (+1) 0.70 (1) 10.1 | 9 4.19 14.05 1.30 2.6
2 4.19 (+1) 25.95 0.70 4.0 | 10 1.81 25.95 1.30 9.1
3 1.81 14.05 (-1) 1.30 (+1) 10.0 | 11 5.00 (+1.682)  20.00 1.00 9.7
4 1.00 (—1.682)  20.00 (0) 1.00 (0) 12.1 | 12 1.81 14.05 0.70 18.0
5 3.00 (0) 10.00 (-1.682)  1.00 10.0 | 13 4.19 25.95 1.30 10.0
6 3.00 11.59 1.00 11.0 | 14 3.00 30.00 (+1.682) 1.00 11.0
7 3.00 20.00 1.50 (+1.682) 3.0 | 15 4.19 14.05 0.70  10.0
8 3.00 20.00 0.50 (—1.682) 2.5 | 16~20 3.00 20.00 1.00 6.6

16~20 5 AEF L, 4RI

16—20 are repeated tests, and the results are calculated by the average value
IH: r=0.2203, P=0.2509. {HINEEAME, T
PR 2, R ERRAE S, MORH 2 TE
2 WA A &% r=0.869 5, P=0.0022, 7%
W5 2R 12, MR 12 AT, 8 =ik
AR R DAL, SEIE S TR E A&,
PR B ARG mNE. Z2oo&tRBE v=
—19.069 06—1.803 95 X;—0.108 37 X,—2.799 80 Xs;
2 WA BAAER, ¥=85.119 35—17.195 80 X,—
4701 10 X2+2.583 72 X3+0.025 500 X;.X2+3.800 00
X1.X3+2.400 0 X2X3+1.081 98 X124-0.044 693 Xo*—
28.791 76 X3°.
2.8 MMUBRIZWIE

BaEliEE =K, RERiE 2 Ma%E
PR, LR e 3 MEgEZ — NP E, DA
HARRECNEC A . WA Design-Expert 8.0 3 {4
oA, el R E T (B 2D,

R4 Design Expert 8.0 SEI6 BETH L5 A PF
Ja i SR R AR SRR R BRI 08 3 g, AR
HN 20%, ZHEKRN 1 he DRALIIRIE T &%
HR O “2.27 TR il % 3 4thgr 03 P TR 5 11 A T R
o, FEME “2.47 TR

*4 ——

115 -
Xih

23.0

085 - 250 Xilg X% 170

& 2

13 1 3.
3 LIS UE S AR 1Y I fE T2 SRR R T B
(0.1 mol/L HCD) -ZZ3fEF B (pH 6.0) 1A4 RALEE

xR 12 ZRZTHERENAESER
Table 12 Results of ANOVA for square multiple fitting
model
FEFRE  CEAM ABRE ¥EF O FHE  PHE
gt 217.69 9 2419 740 0.0022
Xi 44.44 1 4444 13.61 0.0042
X 401 1 401 123 02938
X 6.69 1 6.69  2.05 0.1829
XX 13.01 1 13.01 398 0.0740
X1.X3 7.22 1 722 221 0.1679
X2X3 52.02 1 5202 1592 0.002 6
X 16.87 1 16.87 516 0.0464
X2 17.99 1 1799 551 0.0409
X3 46.67 1 46.67 1429 0.0036
B 7% 32.67 10 3.27
FAYIR 29.73 5 595 10.13 0.0119
R 2.94 5 0.59
MEZE 25036 19

SE IR, S5 R IR

230
~17.0 X/%

LT5
Xsh 0.85

e 3.50
7250 Xig

FBEHK, EEBFIHE. ANREEABRNE (0.1 mol-L! HC)-ZMEMEE (pH 6.0) A5 2FAFRHZR I R fhE

Fig. 2 Response surface curve to study effect of concentration of aging conditions, amount of plasticizer, and coating weight

gain on accumulative in vitro release



* 5468 * '3 X

Chinese Traditional and Herbal Drugs %5 503 5522 3§ 20194 11 A

F13 3 HIIEHRRERNEER

Table 13 Three batches verification dissolution test results

L REHRIR %
A H B HYURE IS ] /h > 3

R B (0.1 mol-L™! HCI) 1.0 0.8 04 1.0
2.0 19 15 19

2 LB B pH 6.0 2.5 3.5 48 32
3.0 64 73 69

2R B pH 7.2 4.0 90.7 91.0 924
5.0 932 924 953
6.0 935 945 97.1
7.0 93.8 97.4 98.2

BB CR T EIME/ % 96.5

ZRBE RSD/% 24

120

§§ 100 ——p——

= 80

&% 60

Bk 40 ——1

= 20 / 2

1.0h Z.Oh 05h 1.0h 1.0h 20h 3.0h 40h
0.1 mol-'L™! HC1 PBS pH 6.0 PBSpH 7.2

3 3 HIIIEHERME R NEER

Fig. 3 Three batches verification dissolution test results

R IMEMICN 6.9% 6.6%, HIXTFImZE N
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3 e

HACCP 2 —RGH. HiE iR Tk
FAF W 00 AR it 5 2 AT S R 22 Ak 1 Vs
RTINS RR 2 R 5
M PPl TRBE R RS B S det . TR R AR
FF= o R fa 55 i N K HACCP 43 #iik
N FAEAHTFFE A, ] A RO T H A 1 75 ) o B
B, JETE R, TR R
BRI T2 R E S 8% .

A (P EZGH) 2015 4RGN 9013 (228,
PR AR BRI S 5 ) B e 45 1 e A AR E
B i iR (pH<7) BEAMNREIL. 1E45 MM KH
Gy B A R R . ASHIE TR B AR iR pH K
3 28, A AR ORI 1) 77) 6 0% i 3] 45 i 50 7 3 AT %
R, PR, TE 8 I TE b R TR K T 5 e 1) 7
MR ZEE, WOERERPT B (0.1 mol/L HCD -Z&ih
BB (pH 6.0) BRI MR, AR
T YA . ARG E . 2R 3 Ak

BRI ZRBATOmIE, PRUESIFIRE a2 IR @ B miE,
B 4 BIR S 1 8 LR TR

ASEGR ] QbD A, PLE TR 25T AL 2
TRV E I EH bR =i, B R AR N A
Al TERS T YRR ERCE T 254
(FEaE L, S5A AR FZL . HACCP ik A
BTN THEUS 2B AT SIS BT, RAFA T &
SO PN TG 45 P B [ R TSR (D Kb 7 B A7 T2
S, T NIRRT e T AR B R
[RiIE R AR T 2RI AL, AR AG T O N BR S
i 3 ) i) 7R e A g LR B il 4% T, FRSERR T 3
177 T2 ERAIF  HE T QbD H& I AT 77 45 B A )
ZHIFI A LR IR E S . MEREERT
ZiRAIRIE 2 . B ER B R A sk, 1%
FURILE PRI B 7 45 B8 A T BB AL 5 Th 2 IR
WIS .

SE R
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