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# E B89 A M (IDP)-B-3R 4% (B-CD) L& # b9 4 M 7 ik SHARAL 4 & T8, 33 AT h) &L &t B AT o A0 S8 Ak
MR EH R ik R A RSN kR ) & IDP-B-CD @44 ¥ IDP 94~ ; 5k A i ik -4 4 i ) & IDP-B-CD eL-&-4, VA 6L~
F A RIGAT, RN BRI RACH & T B R B TRk af 606 fe B 25 R 0g v s R A L0935 A7 (IR) ik Aw 2 Xz =
#i% (DSC) 4} IDP-B-CD & &4y 347 My AR % 5E 5 38 3 IR SMEEACE TR IS R B) T4 3% 2F IDP-B-CD &L 8347 A eh#em . 4R
IDP #4946 i 5 R LT 4 2.0~14.0 pg/mL(#=0.999 7) ; £ & M Al FR 5 5] 4 0.204.,0.067 ug/mL; #4555 B A8 24 F A M
XIEAIRSD 3 T 2% ; m AR @M 5 4 98.8% ~101.8% (RSD=1.10% ,n=6), ®MKH & LT L AH-CD 5 IDPERILA 31, LA
4 3 h, ¥ AR E A 300 r/min; FTiF @A e T3 a5 %A T7281% ., IRADSC 54 £ 27 ,IDP 5 4-CD i it 4 3 4E A &,
a5, 2 ETIRE,IDP-A-CD L4409 64 % % (6096 +0.25)% &2 H A (4.18+0.12)% ; A A TFRE , Lab i A
(77.31+£0.51)% #25 % 4 (5.31£0.27) %, 12h A, IDP Ja#+25 IDP--CD &L&-4 (47 204K T IR Fevit T T IR 4] &) 09 B AR
JE5H A 37.2% 42.5% 81.9% ; 55 IDP Rt 25403k, vt BT B T3 IDP-B-CD 54ty ERBEHEI B B AN R . it s
I ik AR AR AR SR & T AL AT, R BT IDP-B-CD L4, Lot 5T ik 7T SR AL B 509 oM .
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Study on Preparation Phase Identification and Release Rate in vitro of Inclusion Compound of
Indapamide-f-cyclodextrin Inclusion Compound

SONG Meijia, HAN Jingtian, TIAN Baocheng (College of Pharmacy, Binzhou Medical University, Shandong
Yantai 264003, China)

ABSTRACT OBJECTIVE: To establish a method for content determination of indapamide (IDP)-f-cyclodextrin (4-CD) inclusion
compound, optimize the preparation technology, carry out phase identification and in vivo release study of it. METHODS: UV
spectrophotometry was used to determine the content of IDP in IDP-4-CD inclusion compound. IDP-4-CD inclusion compound was
prepared by the solution-stirring method and the preparation technology was optimized by the orthogonal experiment using inclusion
rate as index. The inclusion rate and drug-loading rate were compared between different drying methods. Phase identification of
IDP-$-CD inclusion compound was verified by IR and DSC. The cumulative release rate of inclusion compound was tested by in
vitro experiment. RESULTS: The linear range of concentration of IDP was 2.0-14.0 ug/mL (r=0.999 7). The quantitative limit and
detection limit were 0.204, 0.067 pg/mL, respectively. RSDs of precision, stability and repeatability tests were all less than 2% .
The recoveries range was 98.8% -101.8% (RSD=1.10% , n=6). The optimum technology conditions were as follows the molar
ratio of f-CD to IDP was 3 : 1, the inclusion time was 3 h, and the stirring speed was 300 r/min. Average inclusion rate of
IDP-$-CD inclusion compound was 72.81%. IR and DSC analysis showed that IDP and f-CD formed inclusion compound through
physical interaction. After spray drying, the inclusion rate and drug-loading rate of IDP-A-CD inclusion compound were (60.96 +
0.25)% and (4.18 £ 0.12) % . After freeze-drying, the inclusion rate and drug-loading rate of IDP--CD inclusion compound were
(77.31 £0.51)% and (5.31 £ 0.27) % . Accumulative release rates of IDP, IDP-B-CD inclusion compound (by freeze-drying and
spray drying) were 37.2% , 42.5% and 81.9% within 12 h, respectively. Compared with IDP raw material, accumulative release
rate of IDP-4-CD inclusion compound increased significantly after spray drying. CONCLUSIONS: Established method is simple
and accurate. The optimal preparation technology of inclusion compound is stable and feasible. IDP-4-CD inclusion compound is
prepared successfully. The inclusion compound prepared by spray drying shows higher release rate.

KEYWORDS Indapamide; f-cyclodextrin; Inclusion compound; Technology optimization; Phase identification; in vitro release rate
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S F AR R, -SRI (B-CD) 3 T I
Arbbih, HK A BT EL A AR, M 25
B AR R A LA i R R
RO AT RS R B, B-CD AL A I (LT AR 3 254
R TR 2 R b L I 2 AR BL L,
o fif ke IDP A= W) PR L I A P22 0 1 A, A5 )
B-CD 4 BRI % T IDP-A-CD A4 4 , il 3o iE A5 it
B LA SRR A I T 2T T HRAL 3R 25
TR 5 T 1 TDP-B-CD AL A AT T IS
VROMEZ 2, SHE R MDA BT R AL 5%
omsrn
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El1 IDPLEFELEH
Fig1 Chemical structure of IDP

1
1.1 Y=

TU-1901 BUROE A S AR-AT UL A St A 46 6
RN N3 Rl AN 1 e | L TRl RN T 2 5
FRZyF]) s EL204 BT 73 2 —HL R F . TGA/DSC3+A 4
R P Hr A (B 1 Mettler-Toledo 23 ) ) ; SHZ-82A
AUE R 7 % (IR T RS A PR A F] ) 5 YC-015 52
BRI 55 T 1ML (g HERR AL 28 R 2 A BR A F] ) s FDU-
2110 B E 2 ¥ R T ML ( H AR EYELA 23 ] ) 5 Spotlight
400/400N U BL AR 2T AP (S8 = 14 30 K BRAY
AR A s KQ5200B YA 5 i v (R L A (Y
FARATRD .
1.2 Zm5ikH

IDP XJ [t ([ 2 5 24 A A R e, ik 5
100257-200002 , 4 J& : >999% ) ; IDP J5i R} 24 (3 19 5 4E
2547 BR A L 4152 201501171, 4l . >989% ) ; f-CD
(R AR 70 A R A | ik 5 2 20150923, 46
FE: >98% ) ; i 4E (B 41 6 000~8 000 Da, |-
B[R T A AR A A FR A A1) 5 B2 Eh 2% vk (pH 6.8,
iR A Y BE 2 R AR BR A W] L 445 20180311 ) 5 G
IK R A4l K R Ak
2 FiEEHER
2.1 IDPEENE
2.1 AR R SR SRS O R O
IDP /&% & . HUIDP X} f# iy . B-CD 4% 10 mg, 435l & T
100 mL &I A, I To/K B I e 25, 3250 A5 B0 IR
AR 2 TSR . BT i A5 Y IDP-B-CD 2 5 4 10
mg, B F 100 mL 5, INTCK LR, 7 (T
200 W, Ji % : 40 kHz, T [A]) At # 5 min, £ 0.45 pm £l
UEREE L, BRI, RIS S A . B R 3 R
A 1d 1, T 200~400 nm 4 R T 5 MG g4
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LS5 LE 2. i B 2 A1, IDP X BE A AE 242 nm K
IbAT R KW, B-CD FEIZ I K AL TR I, IDP-B-CD &
YIAE 242 nm P AT B R, 25 11 4RI JE T
P, SOR 2 R I8 4N 242 nm
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Fig2 UV absorption spectrum

2.1.2 RIEERFEE WC2.1.17 TR X IR S i
TNJC/K SR BT 25, il OB BV 5391 2 2.0.,4.0
6.0.8.0.10.0,12.0,14.0 pg/mL 4 R 5 LM TAEIR WL, LA
TR CBAE R 25 X B T 242 nm B4 A0 I 22 W B
(1) o LATRI RS v BE (x, pg/mL) MRS AR BR WO
(y) YA bR AT BT, 45 IDP #4 [8] 05 5 72 y=
0.065 8x—0.009 7(r=0.999 7). Z5JF ], IDP 44 I 5
TR LMV R R 2.0~ 14.0 pg/mL.

2.1.3 R ERMEES B2 A S
WS L, A5 LU RS R, A3 (M L 102 1.3 1R e
PR RIER . 4551, IDP 9 2 2 PR 4 0.204 pg/mL, K5l FR
4 0.067 pg/mL.

2.1.4 MEEERE R RERRC2.1.27 RANLNE T
VEws e (R e EE 4 2.0.8.0,14.0 pg/mL) i&E & , F 242
nm KA 1 2 E 6 OB . 45 IDP IO JE (1
RSD 4 0.93% (n=6) , FRUULAHE B E R AT

2.1.5 FaEMRE B2 L1 R AR A LS &, 4
A F = P CE 2.4.8.,10,12 .24 hi}F 242 nm % KAk
W E W ERE . 255, IDP )% BE i RSD 20 0.89% (n=
6) , ML TR T 30 P S 24 h NEREME RAT .
2.1.6 WEMIKLE HIDP--CD AW &, 64y,
Fie“ 2. 117 TN ik A, F 242 nm AR
SE WG R FRARA B )y B R S b IDP (B i, 4
T IDP (& 2.12 mg, RSD N 1.14% (n=6) , %
BIA G M R AT

2.1.7 AR DA AREE RS 2 Y IDP-B-CD £
44150 mg, 264y, BT 100 mL &, InA— & &1
IDP Xif BE R, 262, 1.1 30 5 il s kil i v v,
242 nm PR AS I 72 WO BE I A A Jy AR S (2]
WeR, G5,

2.1.8 FEM S EWME  HUIDP-A-CD A YIE &, %
“2. 11T il s A AR, T 242 nm AR I
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WOGEE  SPATERE 6 UK, AR A BIH 7 R 15 i IDP
o ak, 450, IDP Y& 5 7E 2.09~2.15 mg {u N .
F1 EEEERELER(n=06)
Tab 1 Results of recovery tests(n==6)

BHBERSEmg  MARmg  WEEmg  MERCK, % TEMERCE % RSD, %
211 5 712 100.2
211 5 714 100.6
211 5 7.0 98.8 1001 L0
211 5 7.06 99.0
211 5 720 101.8
211 5 112 100.2

2.2 IDP-B-CD E&5¥HIH&
221 il ke OBFEE™ 6 &, BE-CD
1.0 g, B FOFERep, /b /K BB $457 ; 55 BUIDP J5ikt2Y
0.3 g, IMJC/K £ 15 2 mL ¥ B s i 22 12 i A ek
H ARZEE S 30 min FMPIR  AIGER THE R G
IDP, AI7% IDP-B-CD 5 . #& At HAaGF a5
R(%) =W aampuzn/ Winex100% o 255 IDP--CD 41,
YRS E N 50.22% . QMR PEIECOH . B
B-CDL.0 g, & F HIEHE LM P, sk 10 mL %% ; 75 B
IDP JFRH2 0.3 g, INTJC/K 4% 2 mL ¥ )5, W2 R
P ELZEHETE I, T 60 °CF B 40 B 30 min; {3
TG, Ve R4 IDP, EN15 IDP-A-CD &%), &
ERARITEME R, 45, IDP-A-CD G YL 4K
4159.93% o QWP FEE" £ . HLB-CDL.0 g, &
TR LA, I7K 20 mL %% ; 73 BUDP J50REH250.3 g,
INTCIK T 2 mL I, FF 0 A8 A B IS e i
H, F 60 CTRHEHE 30 min IR T 5, Tk A ARB AR
IDP, {13 IDP-3-CD W &) . ## Fik At E A A%
450, IDP-B-CD LS AL 53 65.51 % o

HY R 0 45 R AT, A - 9 i 4 1% IDP-
B-CDE GG e hm , UARBF R BRI - P Rk
VE Rl e i
2.2.2 il TZME  LIB-CD 5 IDPEE/R (A, nin) |
WAABFE (B, h) Pk B (C, v/min) HHERE, L
LA (% ) B EARRR , 7 Lo(3) IE ARG BET 1047 T
2l IR 5K W3 2, IEASR IG5 45 1 3%
3, EMTEER LR 4,

*2 BEE5KE
Tab 2 Factors and levels

k¥ = —
A,n/n B,h C,r/min
1 1:1 1 300
2 2:1 2 500
3 3 3 700

Hi2¢ 3 3% 4 I, 520 IDP-A-CD U 5 M 5 K/
ZEIF R A>C>B, A N &R A B4 S 5
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SCEAM T 2250 ABC L BIB-CD 45 IDP /R Ay 3+ 1,
FLEISE] S 3 h, BEFEHE N 300 r/min.
®3 EXREZITESER
Tab 3 Design and results of orthogonal test

s A B c %, %
I 1 I | 1651

2 1 2 2 2146

3 1 3 3 2048
4 2 1 2 36.59

5 2 2 3 220
6 2 3 1 7353

7 3 1 3 62.33

8 3 2 1 79.38
9 3 j 2 59.15
K 2148 3848 5647
K 4411 4101 39.07
K, 60.95 53.05 37.00
R 547 1457 1947

R4 FEFWER
Tab 4 Analysis results of variance

WERE  hEVIR A Yyl F P
A 3 101.306 2 1550653 2.994 <0.01
B 363.875 2 181.938 0.351 >0.10
C 686.330 2 343.165 0.663 >0.10
Rk 10359 2

T Fo0(2)=99.0,F,0(2)=9.0
Note: Fou(2)=99.0, F,1,(2)=9.0

223 BERE i IR T2 A 45 IDP--CD
WAV, PATHEE6 IR A5 R L3R 5,
#x5 WIFXELER (n=6)
Tab5 Results of validation tests(#=6)

5 e, % FHAE %
1 7357

2 7.6

3 7180 ..

4 7368

5 763

6 7358

2.3 IDP-5-CD 85T
2.3.1 WL i bR i T2 A 4l 4% 1DP-
B-CD W5 Y, AL W T 60 COKIB Z&1F T IR,
RS THRHLGIE MR - 130 °C, H FEE - 90 <) F
i IR LD 0K AR AL G 1) IDP, 45T L1,
RIFS 1 kAR IDP-A-CD 54 .
2.3.2 RWHTE % R T2 &1 & IDP-
B-CD UG M AGYE RN 2=, A58 T —
80 CHKAHT IR 4 h, FER AR AT EAL T 12 h, R )5
PUDETOK OB IR A 1Y IDP 45T 2 B, RIS 18
AR IDP-B-CD L5
2.4 IDP-g-CD BEYKNE S RIMFAERNNE
BLU2.37 30 2 AN A 7 s T £ 1) IDP-B-CD A 5
Y145 100 mg, N JC/K £, B3 &, A5 b B 30 min, £8 0.45
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um LRI s I 1 mL, BT 10 mL &,

INTEIK CBEEAS o 7F 242 nm PR A0 & W B 154

5 B R [ZR (%) = W apmmend W asmmnsmaX

100%], PATHAE 6 IR, 45 R LK 6.

®6 AEAETEEIDPA-CDEEYNEEEME

HE(x+s5,n=06)

Tab 6 Inclusion rate and drug-loading rate of
IDP--CD inclusion compound after drying
with different methods(x*s,n=06)

Tk WAR, % HAE, %
W% T 60.96%0.25 418£0.12
AT 7731£051 5314027

2.5 IDP-4-CD E&YIHIMHERE

2.5.1  £IAMGIEE(IR) - 370K IDP J5 625 . -CD . IDP

5 5-CD ¥y 3R 54 M IDP--CD A0 45 ) SR AL R &
J& R, F500~4 000 em ™ Y Y EF T IR $944 , 45 5% I
K3, mE 3 A%, & 3C H IDP 5 4-CD I FIR S Y1y
FRAE UG, [ 3A (IDP JFUREZY ) 58] 3B (8-CD) HHIE I 1Y
B0, o B FG (7 B 5 IDP  B-CD HeA—3; K 3D 5
3E 1 IDP-A-CD & W Y FEAE I , 5 &l 3A (IDP Jgi ket
24 ) BRI L R AT, 78 IDP-A-CD A& 4 vh |, IDP 4% i
PRISHR B R AR S, A0 3 540 em A il —NHL U491 2k
1642 cm ™'LY MR 1 4706 HEFS 22 1 700 em ™' BT HL0&
TEAEFE 1 590 em ™' Ab [ KR C=C i 45 Pk sl e 5 J3 184
Ko XHE/RIDP#EA T B-CD s K 3 54-CD & 4
THEAER, BT =4e2s W P A B SR SEpERe T
L AH B i KA A5 R 2 ), 98 LT 9 £k
2FEED R IDP Ll Y E A A FB-CD H
2.5.2  ZERPMEIGE(DSC) 435K IDP JFR 2y |
B-CD .IDP 54-CD (4 FRIR A4 % IDP-B-CD AL A WA T
DSC/T, LAzs UV 2 1, FHIR B A 10 °C/min,
N, 20 mL/min, i EEEFE D 25~270 G 2551
ULIE 4, HiIE 4 T %, K] AA IDP JEURFZ 2 0265 5 04 R
165 °C ; &1 4B i B-CD £k ; K1 4C 2 IDP 5 8-CD ) 4y 3t
TRAPIMNZ , Forb B S n] UL 2Pk s e 151 4D (E 4351k
25V UR TR AN 25 T4 1Y IDP-A-CD & i 8, 1 5
& 4B 2 AR, EL7E 165 °C4b & UL IDP (045 s 0, 36
WIIDP 5 8-CD JE & T 43G9 , i -lE IDP J5UR} b iy & 4
R
2.6 IDP-5-CD S &R INE ALK G

W % FR B — 5 B (1) IDP JFURL 245 | IDP-5-CD £ & )
(G 2V R TR A 25 T80 75 ) , LIPBS IR B G & T
BATAR K 38 B A s B B A S A B A TR
(PBS)50 mL A HETE IR A s B & T 1E R IR 4% |
BB (37 £5) C %3 R 100 t/min, FE1 TR IR
R A9 TR 10.20,40,60 .80, 100 min F12.4.6
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8.10.,12 h s W IBCHE TR I A BT A 02 5 mL (37 BIAR 78
Bt 25 PBS 5 mL) , 45 0.45 pm L IE B g I, B ZE
JERIE i, T 242 nm A E OB I BRI,
gER L 5, 45N, 76 12 h N, IDP J5URL  IDP-B-CD
LG (o3 B2V VR T e 55 1ol 45 ) 1 SR BRI
JE4r 9K 37.2% (42.5% .81.9% ; 5 IDP JERI 25 M 1L, 2
Fift IDP-B-CD & ¥ 1) ARV B 46 i L (HLE 25+
15 1) IDP-B-CD G045 4 44 i B2 0 o W b, 3R A0 G4
FHAT 4 55 IDP ZE7K Hr ARSI 232, T 55 10 oG 1) T
75 IDP-B-CD B .

1004 —=—IDP-A-CDALAH)(WE%E T )

—e—IDP-A-CDAL A (R VR T i)
—A—IDP Jikl 2§
80
®
604
=
|
= 404
Bk
204
04~ T T
0 2 4 6 8 10 12

I
E5 IDP-5-CD €& ¥ HIASNE il #h 2%
Fig 5 Release curves of IDP--CD inclusion compound
in vitro
3 g

AWFFELAB-CD Al b4k, 785 DF 2R G0 1 Ak il
R T IDP--CD A0 5 W) 1 H I 25 07 vk i E
T LA - S Pk g AT 4 R X kT T
IDP-B-CD il & 1E/K Hh 5 IDP IR i, 2B 4
B VE R AT 4 35 IDP 7K rh iR ag 3 . 25 Wil 50) O ik
K T ESHON 25V Ak RETICRT B8 AR R B2
DR AS IF 5% 25 5% 1 ¥ R T AR Ok RIS 25 T 4R R X
IDP-4-CD & WIS AT s . 255 B, 5
IDP J5URIZAR L, 18555 T4 1 i 46 1 IDP-B-CD A A5 L
A m R GHE A

IR V5 F BT M & B 25 W e A L IR AT AR
i P15 R AR e 0 AR AR 802 00 2 LA W e 10 e A0
YEFH s T 264 T DSC A I I 24 25 Wy 60 5 | Ll A 2
Dol 353 L LA SO0 1 A6 TN 3] 245 40 ) W A, Ot R S W 45
PR AR, ASBEFE R AT IR 4 F1 DSC 3% X IDP-
B-COEEWHITH S E . 45 $LR, IDP 5B-CD
TP ERIE R T IDP-A-CD AW .

25 BT ARSI A B R Jy s fR A R, T
FIF IDP 95 00 5 DL AL i a5 il 45 T 2880E VAT
11, I 175 IDP-B-CD L5 , HoR W 25 T4k ]
PGB R E /U EY .
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