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Role of Thermo-rheological Properties of Formulation in Instructing the Preparation of Arctigenin Solid
Dispersion

LIU Pandi!, WANG Yan', LIU Yi?, REN Qin’, ZHAO Lijie!, ZHU Jun®, XIAN Jiechen!, WANG Youjie'"
(1.Engineering Research Center of Modern Preparation Technology of TCM, Mmlstry of Education, Shanghat University of
Traditional Chinese Medicine, Shanghai 201203, China; 2.Shanghai Ashland Chemical Technology Development Co., Ltd.,
Shanghai 200030, China; 3.National Engineering Research Center for Nanotechnology, Shanghai 200241, China)

ABSTRACT: OBJECTIVE To investigate the correlation between the thermo-rheological properties of the formulations and
the hot melt extrusion(HME) process conditions for the preparation of solid dispersion. METHODS Arctigenin was adopted as
the model drug, the carriers and drug-carrier mixtures were subjected to thermo-rheology study. Under certain stress and strain,
the change of viscoelasticity with temperature was explored, thermo-rheological properties under shear frequency sweeping at a
certain temperature was investigated too. The in vitro dissolution rate was employed as the index to investigate the formulation
and processing parameters of HME with the results of scanning electron microscopy and X-ray diffraction to evaluate the effect
of thermo-rheological properties on directing HME process conditions. RESULTS At the temperature 20 °C higher than the
thermo-rheological glass transition temperature(Tgrheo), that was, Tgrheo+20 °C, for all the formulations studied, the complex
viscosity was <10* Pa-s, which was the appropriate viscosity. Under the guidance of the results of thermo-rheological properties,
the optimized formulation and process of arctigenin HME were obtained: HPMCAS-MG was used as the carrier, the arctigenin
HPMCAS-MG ratio was 1 : 6, the number of kneading blocks was none or a pair, the extrusion temperature was 155 °C, and screw

speed was at 30~70 r-min~'. The solid dispersion obtained under these conditions enhanced the apparent solubility of arctigenin in
the pH 6.8 buffer by nearly 13-fold. The dissolution rate reached 90% within 60 min, and the dissolution was stable within 3 h
without precipitation. CONCLUSION The Tgrheo of formulation has important reference value for HME. Tgrheo+20 °C is
suitable for HME and all the formulations studied in this experiment meet the rule. It is of great significance to improve the
research efficiency of HME prescription optimization.

KEYWORDS: thermo-rheological glass transition temperature; hot melt extrusion; arctigenin; solid dispersion; hydroxypropyl
methylcellulose succinate acetate(HPMCAS-MG)
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R 7™ i B T H T A8 R A 4 AR (solid
dispersion, SD)WHEEH A M HZ5Y) . BEW
oI 9 7] 45 [ AR TR 5 0 AR A I AR AU AT 528 1
BB UIT , AT 25 A1 % 2 B rhodU st ke A J il
Frib e E H, 25 Lo+ . CE B EL
AR ST BCTEA MR, BDATIE g SDH2,

£ HME W& #AE B, PrRtE A GE FIHLAR
JIVER T A TIR G AR, AL il i sk |
FhE . BTUIME L SR SRR AR M BT HME R &
Brl b A L A HIOPE R0 o o i A T 5
M, £ R P RE A AT I P MR R B,

PR A BB ST HME 33 B A ] #/EvE | 2
an BT PPN 53 %5, 78 HME 1, Wi e
T ARSI P AR PR T, ATEAN A0 J7 B HME 1] 45
YEVE, B S & B AR IR B DL R R AT 5% 3
Bochmann “5MER FH e % it A8 A sh AR 22 7R
FH 5 #132: (differential scanning calorimetry, DSC)
#5377 HME 4 SD i T 22081, JEHi 7254
TERG Y P BE o Alshahrouri 55 PUR RS i
ARAEA) S AT T B A4 R 1 4 BEAS M A
WovE, IESE T 5] ORI e AR T
YRR AR R, 5 T IR AR AT HME T
LR RAER .

A4 254¥ Jh(arctigenin,, - ARG)J& 1 2 b 4235 1
Arctii Fructus(Z§#} Compositae FH¥2F3% Arctium
Lappa L. TR LA S O i —Fh LA A P03 1
IARIE R AES, JEF BCS IBRLA Y, ARG
I AR, SRR R, AR PR 38 ECR A HME
HEAT T T AR 738 o AR S240 30 1ok 25 FR ARt AL |
IR B W AE — 2 1N AR R S A S
BEIRE AR, RIS — RV AR, i HME
TEBBBERMS % ERRARR NS T,
LG n AR SEs th hdeAs B SRS S L i)
SRR Z DA BT R . Brih i . SRk
FTZNER, MIEHEICRIm
1 UES5HAH

Agilent 1260 =50 A (415 (35 F Agilent 23
Fl); HAAKE MARS 60 Jig#% i 22X (32 Thermo
Scientific 23 7); PPS-TSE-ELF XUZFFH% AL (R M
HERIA BR/A F]); RCSMD B AL (KKK K& F}
FABRAT]); Quanta 250 FEG ¥ & 54 T 2

v E AR FH 22 2023 4F 3 55 40 555 5

W2 (FEI 23 7]); D/max-2550VB/PC X Sk K £
Al TS (H AR B2 )

ARG JFRZ (RDGEREH A RA R, iS5
20181220; 4liJE: 98.6%); 435 yoXf HR i (AR
SR EMRIEARAR, #it5: MUST
180605095 4l : 99.62%); H 4N PVP K30(Ht 5 :
05900223755), R4k PVP/VA(FL'S Plasdone
S-630, LS. 830843), FLLF4EZE (HPC)- EF(it
5. 431216) . BE R KN W AT 4E K 3R 1R MR
(hydroxypropyl methylcellulose succinate acetate,
HPMCAS)-LG{It5 : 55G-510006) , HPMCAS- MG
(5 55G-510006)H A% (Fp DA R
AP AL 5 A ) 34 0 T [ 2 4 T Ak 25 R A PR
NEI
2
2.1 ZARGTREL 2 AR & PR R A T

B & AR AR, R RIS o8 AR F
A% 20 mm, JEE 2 mm, #4300 mg HIE . R
FHTER A (A i AR A PR AR . ORE F iR
J¥ : 20 mm P14, SR G N 0.1%,
FHRH % 3 Comin™', JREERE 100~190 C, #17
WL . QOFCRFAFRIT : 0.1%N AR, MR
FUBTEHE 0.1~100 rad-s™, AR 4 IR F1 i 45 SR e 1
2V E AR A, TR
2.2 VHME T. 25
2.2.1 HME#45 SD  XUZFF-H5 HALIRFT 528 0 1
X 60°HE A, AT S0 r-min' . RIEAFAY
HFAE Ty, A I FRECGE AR R R ARG J5k, 5053
REYWE), WERE, HME FE3 54080y,
REEZER, B, i 50 Hif.

222 FIAEMEIRERE BRI BREWH
A HAEER AL G 2R, AR I A DTk A A 2Okt
SD # A%k K ARG HEI TR E S HGYITRD,

AR R ESES ARG WIEMESHE
R LRE AS 2 T AR5 J5ORE 24 i AH 25
PERSCHES R, 22BN, 25%) HME WARA T
. WA EEESES ARG MHAMERLW 5
A H k. HPMCAS-LG. HPMCAS-MG .,

PVP K30, PVP/VA. HPC-EF!'%, REGRIAMIE S
B ARG Wi S EE M4 XE A ILER 1.
3 MR 5 R AR AR R 29 300 mg, & “2.17
WU Jy ek AT i A8 24 R B A AR 4 . 20 )
IR 10 6 FrfE ARG RS a A hiRl, %

Chin J Mod Appl Pharm, 2023 March, Vol.40 No.5 -585 -



R1 ARG RAHKBEWESHILE X
Tab.1 Solubility parameters of ARG and all carriers

259/ 3t/MPa!”2 E= BTN AS
ARG 322 [10] /
HPC-EF 315 [11] 0.7
HPMCAS-MG 312 [12] 1.0
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Bl1 AREHERE SR E
A-HPMCAS-MG; B-HPMCAS-LG; C-PVP/VA; D-PVPK30; E-HPC-EF,
Fig. 1 Temperature sweeping results each carrier

A-HPMCAS-MG; B-HPMCAS-LG; C-PVP/VA; D-PVP K30; E-HPC-EF.
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Tab. 2 Turning points of temperature sweeping for each
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Tab. 3 Temperature sweeping conditions for each drug-

A B 108 107
108 107
N ——G"——G" 1.4 —— G——G" 1.4
o y . e = ¥
A O (I e N A LTS
107} 11 A : / \ L 10°
= \ 1.0+106 — = A\ 1.0+
e | \ & & 10° \
9 108 f \ 081 = ° | \ 081 105
£ / \ 061 = £ 10k /
o | b L10° § o /
105 L ] / L 10
/ 104 L / R
“1 AA“/ A%
10* lA L ! 1 L L I 1 10* 3 WMI | L | L ! 1 103
100 110 120 130 140 150 160 170 180 190 100 110 120 130 140 150 160 170 180 190
MR/ C HE/IC
C % 10° D g 107
G/ GH A“A +Glﬁ_ ’II
108 ——tan(8)—— I ‘3.0 1107 ——tan(@)——’l o
AA .
107 £ 251 P,
~ E [7) — 7
£ & g0 1.5
= 10° = 3
o L10° £ © Lo
g 10 o) £ 1.0-
o L0+ 8 S 10°
10*
3 (OhS
103 . F10 \
102 M“A 1 1 1 1 L L 1 102 10° I 1 1 1 1 I 1 L 1 S
100 110 120 130 140 150 160 170 180 190 100 110 120 130 140 150 160 170 180 19
WREE/C TREE/C
6
E 107 Gl GIY 1.8_ 10
108 —— tan(3) — | 1.6
% [‘x\ ] 10°
\ 14
< 5 \ @
::_", 10 j \ 1.2—_ 10° g
(.D. 104 F [ k 1.04 =
5 [ 081, &
= F10° &€
O 10°F / 06l 8
10°F “.x‘l 0.4 102
%,0.2
10! 1 I I I I I 1 1 1 I I 10!
80 90 100110120130140150160 170180190200

tan(3); [n*|(Pas)

tan(3); [n*|(Pas)

carrier carrier mixture C
4L ’ V= - o .
fpkspE AT G GMEHT Terheo/  tandn/ RIEHE GEHTA GURUIE Teheo  tandm
FiR/M,  #/C AT C C
PVP K30 58000 AN AN AT AR ] PVPK30 78 1 110 123
PVP/VA 45 000~70 000 104 120 119 130 PVP/VA 85 125 130 136
HPMCAS-MG 55000~93000 120 130 132 138
HPMCAS-MG 110 123 130 137
HPMCAS-LG  55000~93000 120 130 132 138
HPC-EF 80 000 143 146 151 157 HPMCAS-LG 13 141 151 158
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Fig.2 Turning points of temperature sweeping for each mixture with various carrier
A-turning point of G”; B~turning point of G”; C—temperature at tand=1; D—temperature at tandmay.
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B3 TERHEAHEHALFTTRRE TREFMELTHE

A-HPMCAS-MG, 130 'C; B-HPMCAS-MG, 150 C; C-PVP/VA, 110 C; D-PVP/VA, 130 ‘C; E-HPC-EF, 151 'C; F-HPC-EF, 171 'C ; G-HPMCAS-
LG, 130 'C; H-HPMCAS-LG, 150 C,

Fig. 3 Frequency sweeping results under various temperatures for various carriers

A—HPMCAS-MG, 130 °C; B-HPMCAS-MG, 150 °C; C—PVP/VA, 110 °C; D—PVP/VA, 130 °C; E-HPC-EF, 151 °C; F-HPC-EF, 171 °C; G-HPMCAS-
LG, 130 °C; H-HPMCAS-LG, 150 °C.
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Tab. 4 Extrusion temperature for mixtures with various

carriers

B Tgfgeo/ Tgrhefgzo c/ i‘s.#ﬁé%rg/ ;ﬂiﬁ/]
HPMCAS-MG 130 150 120-130-150-150-130 2.2
HPMCAS-LG 130 150 125-130-150-150-130 2.5
PVP/VA 110 130 90-110-130-130-110-.2.5
HPC-EF-EF 151 171 100-120-170-170-140. 1.8
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Fig. 4 Drug release of SDs with various carriers, non-sink
condition(n=3)
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Tab. 5 Solubilization effect of ARG-SDs with various
carriers
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Fig. 5 Drug release of SDs with various carriers, sink
condition(n=3)
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Fig. 6 Temperature sweeping results of mixtures with various drug-carrier ratios
A—drug-carrier ratio of 1 : 1; B~drug-carrier ratio of 1 : 3; C—drug-carrier ratio of 1 : 6; D—drug-carrier ratio of 1 : 9.
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Tab. 6 Temperature sweeping conditions for mixtures with

various drug-carrier ratios °C
24k 1L Gt GG Tgrheo tandmax
1:1 90 95 128 140
1:3 85 95 132 138
1:6 85 125 130 136
1:9 105 126 132 139
LA} 120 130 130 138
F71 TFE%H K HME & #
Tab.7 HME parameters of various drug-carrier ratio
244l Tgrheo/C Tgrheo+20°C/C PRAEIRE/C HHEN-m™
1:1 128 148 100-120-148-148-107 1.0
1:3 132 152 105-130-152-152-117 2.1
1:6 130 150 120-130-150-150-130 2.2
1:9 132 152 134-152-152-152-140 2.2
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Fig. 7 Frequency sweeping results under various temperatures for mixtures with various drug-carrier ratios (ARG-

HPMCAS-MG)
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Fig. 8 Drug release of SDs with various drug-carrier ratios,
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