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X} Ursofalk #4770 A8 24 MR 0 22, 3 4 25 e 2
BanF

FhIE - BYUIHR 4L . Rot BEFE B4 4, CR
B BYPIER 10 ~ 100 s~ R0, B R
LR PIHORSC R AW AL,

fil IS A . Rot e 2 22474, CR A, 5y ) i3
0.000 1 ~100 s™", /& 60 s;Rot g H} A F14, CR
K, BYY)ER 100 s, W] 30 s;Rot fiEFE LA
i, CR B, 5134 100 ~0.000 1 s, IF/E] 60 s,
BRI A KRBT

RHEE — WhE A4 . By T4 50 7" A ]
60 s, % 5<%k B BE BT U E] A AR TR AS L

JEARI 7 WO B AR BRIZAE — By 2k, CS 45
2, BTH] 60 s, Rot JEFE LA, BYYIN /7 1 ~50 Pa,,
2.2.2 HFELHEBEARERA TR0

FH AR 27 2 5000 e 45 S nT AT, Ursofalk HA
SIS S0 i AR R A A P LA ]
PRAGPE 70 e 3 A U 7 2 S B ) I 7 A2 B D)5
FE MK Z B TR A9 520 . X} Ursofalk #E474E & Ab #
Jr S AR e AR ) B0 L RS T 2R A AR
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Table 1 Taste evaluation score design

F1 OKRFEMESRI

. Score
Attribute
1 2 3 4 5
Sweetnes Moderate Mild Strong Extreme None
Bitterness None Mild Moderate Strong Extreme
Grittiness None Mild Moderate Strong Extreme
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Fig.1 Microscope image of Ursofalk( A) ; Microscope image of Ursofalk ultrasonicated for 20 min( B) ; Microscope im-
age of ursodeoxycholic acid ( C) ; Microscope image of micropulverized ursodeoxycholic acid ( D) ; Microscope image of
microcrystalline cellulose-carboxymethyl cellulose sodium suspension stirred for 30 min( E) ;Microscope image of micro-
crystalline cellulose-carboxymethyl cellulose sodium suspension stirred for 70 min and homogenized for 20 min(F)

1 Ursofalkf 8 R $EE (A) ; Ursofalk #75 20 min I EMEE (B) ; BEREBRERKNEHEE(C);RERER
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A—Viscosity-shear rate curve; B—Thixotropic curve ; C—Viscosity -time scan curve ; D—Yield stress.
Fig.2 The rheological curves of Ursofalk
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Fig.3 Vibration-viscosity time scan curve
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Fig.4 Thixotropic loop area after static recovery
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Fig.5 Viscosity-shear rate curve after static recovery
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Fig. 6 Particle size distribution (PSD) of ursofalk ( A—Comparison of different cycle speeds; B—Comparison of dif-

ferent sonication times at a cycle speed of 1 200 r-min
cycle speed of 1 200 r-min ")
El6 REXSEROMEERMEN(A—FEIFEWHE

-, C—Cycle speed 1 200 r-min "

5 FE LL Y B— 1B ER IR

; D—Sonication for 300 s at a

#E 1200 r-min "' AN [E) 8 & B E L8 C—1&

IREEEE 1200 r-min ' ;D—{EINEEE 1 200 r-min #5300 s)
Table 2 Repeatability determination of particle size distribution (n =6)

R2 NMESHESHNELER(n=6)

Particle size( non-sonicated)/pwm

Particle size( sonication for 120 s)/pm

Number
d(0.1) d(0.5) d(0.9) d(0.1) d(0.5) d(0.9)
1 11.100 28.743 70.291 2.770 21.293 86. 857
2 11.140 28.690 67.443 2.713 21.153 86.763
3 11.683 29.667 68.270 2.800 21.820 88.130
4 11.683 29.613 68.723 2.769 21.550 87.270
5 11.727 29.693 68.483 2.741 21.570 87.597
6 11.527 29.510 68.260 2.815 21.800 87.930
Average 11.477 29.319 68.579 2.768 21.531 87.425
RSD/% 2.48 1.61 1.38 1.36 1.24 0.64

PSD Unimodal Bimodal

Fifi 5 17 24 38 2 1) 484 /i, Ursofalk 7 & 43 A 1
d(10) .d(50) PRy $, d(90) H 1K
BOPEFHE 2 500 1+ min " EF I T AR A R H I
L S 18 B 9 ot 25 8 7 I 1] 0 22 K | 0 7R 8 17 A8
FRAS KLU, DX R 53475 FH B0 5371 748 S WU 3 A,
PEFAHE 1200 r-min " AR AL 120 s &5

HREZME 6 4y, K RSD ¥I/NF 5% , HigR
L, EE MR, 40 H7JE I, Ursofalk HA —E
B, RE L AU IRk 5 Bl B R BORIY B 1
BT IRAER B 55 1 40 B AN LK FLA 8, 2400
7 R85 T A SRy T, D) AE 2 S IR R e
55 BRI R TRI T 7= A XL 437 fi
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3.4.1 IFRELEACKF E Rk
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A
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"
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FE B 52 A, 2h LR 4

Table 4 The results of relative density measurement un-

der different shaking conditions (x +s,n =3)

F4 TREREZFGETHENZEVNESER (x£5,n=3)

t(daily shaking

Table 3 The results of relative density measurement at ’ p(relative) p/(g-mL™")
different temperatures (x +s,n =3) time)/s
%3 TREBETFHAMBENEER (x£s,n=3) 5 114360.0009 11403 £0.000 9
0/°C o (relative) o/ (g-mL") 30 1.136 1 £0.000 8  1.1327 +£0.000 8
20 1.147 5 £0.000 5 1.145 4 £0.000 5 150 11250£0.0025 1121 7£0.002 5
23 1.14710.0014  1.1443£0.001 4 20 LO01£0.002 1.09290.0002
25 1.144 6 +0.001 4 1.141 2 +0.001 4 3 4 %ﬁ%ﬁ[ﬁj}ﬁ%{kﬁ@%ﬁl/\%@@
27 1.1456 +0.0005  1.141 6 +0.000 5 % BN, T B KR 251 0 T AN ) R R
Average 1.146 2 1.143 1 RHRFEIE DA A A RE S | 1Y & 1 25 57, SR e filk
RSD% 0.13 0.18 AR IR AR A 2 v e B, 1A B i, DA B A
I RIZIRE 5 | At 25 DR R 2
MFE 3 B s mT UL, #E 20 ~27 T4 F Urso- 3.5 EEFHEHAE
falk %5 BE % RSD 24 0. 18% |, &8 it v [l P 174 i B Fi“2. 57 T 2 G200 1 ) 1 A B L 45 R
ASACASTE Wi URE MR 1 %£5.
Table 5 The results of content uniformity determination (n =10)
x5 SEHHENELER(n=10)
Number Sample mass/mg Content/ % Average/ % SD A+2.2S
1 5672.0 99.25 99. 56 2.6 6.1
2 5 490. 6 97.32
3 5 836.0 103. 8
4 5642.2 101. 4
5 5618.3 100. 8
6 5 460. 4 97.37
7 5462.5 96. 31
8 5756.5 102. 8
9 5 500.5 97. 25
10 5436.0 99. 36
Average 5587.5 99.57
RSD% 2.48 2.58
MR 5 BHE T WL, Ursofalk SRR 4] B . I Ursofalk H it 7 JE 77 Ve B2 W 29 1. 5 mg-mL ™",

PR R R R R B AT, il AR R RTR B R —
R ARIARIR R | B A ZE BE 1T B £ 52 e JUR)
XS] A, T OGS R A 2 A EE A
HERRE
3.6 XHBRSENE

3 it Ursofalk A7 7K FF g ¢ & 40 5l o 1,491,
1.552.1.447 mg-mL~",3 #L¥(H 1. 497 mg-mL ", ¥

FRAE R U 1 o &2 4= J=) (EFSA) 1 & L, ZIKEﬁE&T
PEZ A HEEAR 0 ~5 mg-kg ', Ursofalk 1
KPR EZITR/NT 1 mg-kg ™' FFEZR,

3.7 BHERER
3.7.1 RRA##HEBmENE

2.7, 17 WUR JIr ik 75 5 75 56 AN 1R 2 %o IR
AR L RS SR LA 7
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0 5 10 15 20 25 30 35 40 45 50
t/min
—— pH8.0-50 r-min™; —— pH8.0-25 r-min”;
,,,,, pH4.5-50 r-min”; - pH4.5-25 r-min’;
— — pH6.8-50 t+min™; — — pH6.8-25 r-min™.
Fig.7 Dissolution curves of Ursofalk at different rota-

tional speeds (n =6)
E7 gekSARE O ARE SRR E A H Lk (n =6)
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i pH 7 ~ 8 Mg it — 2P Wil (RS s i it 2k 5
RE LA AR sh 2 dhie—80 0, g
HA I A BV VR A pHL B AE 6.7 ~ 7.4 Z [T
Ursofalk 7£ pH {H 6. 8 ~7. 4 & A b, A 5 min
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0 10 20 30 40 50 60 70 80 90 100
t/min
— pH8.0; — pH7.4; . pH7.2; — pH7.0; — pH6.8;
- -- pH6.5; — pH6.0; — pHS.5; - HO, pH4.0;
-.-. pH1.2.
Fig. 8 Dissolution curves of Ursofalk at different pH

(n=6)
B8 FEESBEORESRAR pHRHEZE(n=6)
3.7.3  RAMEERERE RO

Ve 18 AN [A] 47 B () pH PR 53 1E R i H Ay
JoT, fiff BE 2 AU R S AN (W) o B Y L, D e
SANHFRAN [R] JFORPRL BEAE AN [A] pH 3§ A I 1R 3
R 235 SR8 3R W] RE 2 AU I W Db A28 BRI
RN | AR R Y DU o R I IR T e A 2
J& i SR Ursofalk H JFORE Y 28 03 14 AL 28 AT DLAR
AN [FPRLAR O (43 1 il 4 5 SRt il 70 £ 40065 A
RUEE S S A IR R BEYE T (181 9)
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f/min
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— Jet milling; —— Milling; —— Reference listed drug; —— Unmilled.

Fig.9 Results of dissolution curves of different API particle sizes ( A—pH®6. 5 phosphate solution ; B—pH6. 8 phosphate
solution ; C—pH4. 5 phosphate solution +0. 2% SDS ;D— pHS. 0 phosphate solution) (n =6)

9 FEIRBIZHLE A H i 2k E 45 R (A—pH6. 5 BEER

0.2%SDS ; D—pHS. 0 BB EL A ) (n =6)

A% ; B—pH6. 8 BEEAEh iR ; C—pH4. 5 BEEREL A +



55 4 4] K A A e R Bl AR 1 R AR RUTT B PPN S IR AR 383

3.7.4 RERIEEBG YA FE 10)
AEZEE R RE AR IR s i th il 3.8 ORFEM
HF f, YT 50, % il e AR TR 2 0 B A iy F242. 87 i T kAT O EHY, OEPE MY

TS RS IR BB AR, B =SB, ARERREWE 11,
TR BT BB 25 S IR A Y 2 i /N (3R 6
Table 6 Sample information for dissolution investigation

x6 FHEEEMER

n / (mPa-s)
Sample w/ % 7/ Pa AA / (Pa-s™")
10s™! 50 s~ 100 s~
Reference listed drug — 5.020 124.7 393. 00 138. 00 93.36
Formulation 1 1.57 4. 149 90. 51 438.70 128.20 87.11
Formulation 2 1. 84 5.270 155.6 640. 70 153.90 99. 50
Formulation 3 2.12 13.470 366. 1 1 086.0 177.20 94. 06

Dissolution/%
o oB88483388

0 5 10 15 20 25 30 35 5 10 15 20 25 30 35
t/min t/min
—— Formulation 1; —— Formulation 2; —— Formulation 3; —— Reference listed drug.

Fig. 10 Results of dissolution curves of suspensions with different viscosity ( A—pHG6. 8 phosphate solution; B— pHS. 0
phosphate solution) (7 =6)
10 AEFERESREHMLNEL R (A—pH6. 8 BB LA ; B—pHS. 0 BB E A ) (n =6)

A 10 40 O 2 AU TEL R 1) iy A, L 88 g I 2 ied J32
i A RE DT RE S BULE M A £ T 3
PULEE R E X, ARESEWIT 2 i B R B L
SR FURHYITA 7 s BN 2R SR, 2R E
PUIR =AU TE SN E (1D A R B U A 0 4 A
b il FE 52 YTV EUEPA RS 24 1 B bk
THOLAT REAFTEA S B LR ELSL MG B

A5 Ursofalk UEEA A A b & A BT E R
T 2 A 5 T A A U B A W S LA A A B
S =RBURY T X TR R L et — A

<+~ - Formulation 1; - Formmlation 2; ~ - - Formulation 3; Gl LR A 36 I A I AT A kA
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5

= ~Reference lsed dug. 2 AT St LR 2 A
Fig. 11 Radar chart of taste evaluation results U, L FH 10 AR TR 2 VR A BT B 3 S 2 4 1 A
Bl ORENEREXE TV 3695 2 4 P e AT IR ) R R

P R R A 25 S ] 1, Ursofalk R4 R, JC TEXT Ursofalk #4705 il i 5% B AT DA 24 8 4% 5 ok
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the interactive properties of microcrystalline cellulose-carboxy-

Quality evaluation, research and development points of oral
suspension containing thixotropic suspending agent

MI Nan'”?,YANG Jun'* ,BAI Mingyue'* ,HU Xiuyun' ,ZANG Kexin'"*"

(1. State Key Laboratory of Druggability Evaluation and Systematic Translational Medicine , Tianjin Institute
of Pharmaceutical Research Co. , Ltd. , Tianjin 300301, China;2. Center for Gene and Cell Technology
Innovation , Tianjin Institute of Pharmaceutical Research Co. ,Ltd. ,Tianjin 300301 , China)

Abstract: Objective To discuss the key points of research and development of oral suspension containing thixotropic
suspending agent through various quality evaluations, and provide technical support and optimization possibilities for the
research and development of thixotropic oral suspensions. Methods Ursofalk ,an oral suspension of ursodeoxycholic acid, was
used as a model preparation. The critical quality attributes, such as microstructure, rheological properties, particle size
distribution, relative density, content uniformity, dissolution curve and taste evaluation, were studied and evaluated. The
formulation process such as particle size range of API, preservative dosage and the concentration of suspending agent were
analyzed in reverse. Results The oral suspension containing a thixotropic suspending agent should have appropriate thixotropy
and yield stress to maintain physical stability, content uniformity, dosage accuracy and compliance. The microstructure was
helpful to analyze the activation state of the suspending agent and the agglomeration between particles, the dissolution test
results were helpful to analyze the particle size range of API. Meanwhile, palatability and safety of excipients were the key
points of research and development for pediatric oral suspensions. Conclusion The quality of ursodeoxycholic acid oral
suspension is evaluated and analyzed, This study provides ideas and methods for the research and development of a pediatric
oral suspension containing thixotropic suspending agent,and has certain guiding significance for their formulation research and
in vitro consistency evaluation.

Key words: suspending agent; thixotropy; oral suspension; pediatric medications ; ursodeoxycholic acid; quality evaluation;

palatability



