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Preparation of hydrogel matrix sustained-release tablets of chrysin solid
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ABSTRACT: AIM To prepare the hydrogel matrix sustained-release tablets of chrysin solid lipid nanoparticles.
METHODS The solid lipid nanoparticles were prepared by emulsification ultrasound-low temperature
solidification method and then further prepared into freeze-dried powder, after which hydrogel matrix sustained-re-
lease tablets were prepared with HPMC 15KM as a sustained-release material. With HPMC 15KM consumption,
PEG400-PEG4000 ratio, PEG consumption and magnesium stearate consumption as influencing factors, and accu-
mulative release rate as an evaluation index, the formulation was optimized by orthogonal test, then the model fitting
of drug release was performed. RESULTS The optimal formulation was determined to be 50 mg for HPMC 15KM
consumption, 2 : 1 for PEG400-PEG4000 ratio, 30 mg for PEG consumption, and 0.5% for magnesium stearate
consumption, the accumulative release rate within 12 h was 93. 19% . The in vitro release of hydrogel matrix sus-
tained-release tablets accorded with first-order equation (r=0.994 1), whose drug release mechanism was the co-
existence of matrix corrosion and diffusion. CONCLUSION This simple and reliable method can be used for the
preparation of hydrogel matrix sustained-release tablets of chrysin solid lipid nanoparticles with obvious in vitro sus-
tained-release characteristics.
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H A% 2 £ 202 SRR Y AR BB Oroxylum
indicum ( Linn.) Kurz P HERCE B —FIETHERLSY, T8
TR R EY, BA MmN, bt
PR, PUOBRE . BRI X ko
FEREAL, | e I S50 B LS R AT B R R TR . IR
JEPERY, EHOKE MR 22, SRR
RA, A7) AT 00 SR D 10 42 g J5i 40 AR AR
BEE AR AT, WS T AR HE,
ELIn 250 A B R, A BT 2R P R
JNLAMCGE

IKEERE T ARG Fr— R K MR PN
e W OFE 2F 48 £ ( hydroxypropyl methylcellulose,
HPMC) 1ERBZEME, fil& TGRSR, &4 Tl
oA 7=, EEBEHI R I R 2 —0 ) AR
B JE R TR TR0 % 3R AR 5T 40 Kok
BT AR, SR5 EERE HPMC 1 b % B M K,
R LW (polyethylene glycol, PEG) 1ENZFEH
2GR, 2D BT SRR A 7K
WEB SRR R, DA AR DGR SR i it =%

1 7

1.1 B 2R 1100 Bk i (£
LR NF]) 3 PB203-N BRI F 04 KA [ M4 40-
FERZEPRR S (W) FABRAR]; TF-86-200-
WA AL ACIR VKA (B ARSI A RA A
Mastersizer 3000F B30 H7 B AL (ﬁlﬂg;ﬁiﬁ(%ﬁ
HIRAT) ; BP-8170-B B FFE v R A AL (I 7
FABHEABRATR) ; LGI-10 A TN (dbat
WAFAERHOR R IR T ) 5 ZRS8G B BB )
AL (M RUHEFAEBRAF]) .

1.2 &XAE5#HH [ABRERZL (H5
161018001, 4% >98% , 1] g 3 /K 14 B H A PR A
A ) B REX S (H5 20161025, 4 B
99.3% , IR AYARAR) . KM (PELN
KREGREARAFR); EH (45 20170620,
B2y R A BR A A B R (it
M160525, ¥ B % @ & o~ |l ) M (S
56522108, Lifg7is S0 A AR ) 3 FENFEH 5
2148 K15M (HPMC K15M, b5 SH234187, LV
RIEBEAA); WKW 188 (F68, it 5
WPMD507C, f&[E BASF 22 F]) . Tween-80 ( & 24
ER A EKXRARAA); WEEIE (5
PC20170510, FRMIBARAL T 7= A BRA ) 3 PAfE
RERRHMEE (#5 P20160517, EiE4HR R A
FRATD) ; BEIRIREE (Ht5 151026, i & KA 24

MR ARAR), BER A 6L (H 5
C10197679, LG iR AR AR &
oo gkal (5 [E Merck 23 H]) .
2 HERE4ER
2.1 amEemENE
2.1.1 aiERM Waters C, B354 (250 mmx
4.6 mm, 5 pm); WBIAHME-0. 15% WML (28 :
72) 5 PRFEFE 1.0 mL/min; FEIR 25 °C; K3
1 222 nm; #HEE 20 pl,
2.1.2 LML RFE WERBRAE R ES
10. 44 mg, %% % 100 mL R+, 70 mL ZJE#H
FALFR 20 s, FHE 0.5 h JaEAIIRA), KR
WmaE, WA LR 0.104, 0.52, 1.04,
5.22. 10.44, 26.10 pg/mL, 7E “2.1.17 Wifajg
SR IR o DAV TR T TR B R A AR (X)),
B AR (V) HEATIEIE, SRR Y=
15.236 4X+0.923 1 (r=0.999 8), £ 0.104 ~
26.10 pg/mL JEB NN R REF,
2.1.3  fAAMR A RS U R B g ok
FIREW 1.0 mL T 100 mL i, 255 b
5 min FEATHEFL, HE 30 min J5 WS A E BIR AT,
W1 mL W, A1 mL SRS, BiS,
21,4 ik EE 26010, 10.44,
0.104 pg/mlAENA R, MERKRE, H
PAS % RSD 4390 0.51% . 0.67% . 0.86% , H
65 %5 B RSD 439124 0. 94% . 0.38% . 0.55% ; fit
WAARAE 0, 1, 2, 3, 4, 5 d NiEmEATCH 2
Ak, REFES d NRREME RIF; P nAE iR
S 99.68% (RSD=0.51% ) . 100.38% (RSD=
0.93% ) . 100.09% (RSD=0.99% ).
2.2 BEMRBS R R ER & RAFLLE SRR
A, BARES BT B, RIAE R
30 mg, HAAE AR AR H UM R 250 mg, K 52BN @R
50 mg, BT 10 mL /K Z B, KinmiE
(75+1)°C, PiFPEfin, VEAMAHE; FREL Tween-80
F68 4% 80 mg, YT 20 mL ZEWAKH, AKinmkzE
(75£1)°C, WitbEfd, 1ERKH, Kb AEZ 180
AKAR Y, JEdk e fid PR IR Bl R Bk 4 =2
10 mL, YERWIFL, 4kZL5 (800 W, 456 s [
3s) 4bFE 10 min J5, BT -20 C K4+ [E Ak,
0.45 pm UALUERELUE, HITS,
2.3 aHE HHF, BEMNE HOLKMETH
WA 2. 0 mL [FARJE B8 KRR B0, N3
B E (10 kD) WA, 12 000 /min B L
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60 min, HGHEUE A SMEIE WS &, HPLC U
FEEAMBETHE (myy) . BURABE A 5
YRRREW, BT 10 mL B, IMAZK, ¥
FOETRGRRL, EREBZE, HAYKR A
ROHAE (my)., RJE, RIAEGEELA AT E
TR M e R 2y, AR S A
80.57% . 6.04% ,

YRR B ZE KR BRI, I Ok A% 43
oL, 25 ILE 1, ATAPESRAE R (215,84«
16.38) nm, 754b, 49K% PDI 2k 0. 108 £0. 025,

Zeta L7 - (21.61%2.34) mV,
20

15

10

BREE/%

So v

1 1 10 100 1000 10 000
FifE/nm

E1 EEBERMKEREZES
Fig. 1 Particle size distribution of solid lipid nanoparticles
2.4 RERBFREFEAANE 100 K76
#, BB KR IRER 9.1 mL (F 2 &
2.75 mg/mL) , MIAGRTORIH] CResE . FLoE, H
) 350 mg/ i, —-80 C N WA G T4, B
it 80 HIfi 4K AL T #37K . HPMC 15K, PEG,
FOMIAT . IMAGE & 6% JE R K Hil ok, 20 H i
ki, 45 CHATHE 24 h, 1120 AR, AR
WA IREE, AR EER [T (50£10)
N, BIfS, ZEBR EAEN 1.1 em, JERAFEIE,
REZH 0.5 g (MR &% gent 2 kR 24k,
FEY N 25 mg/ F s,
2.5 HaEMR CRHFEERINE, BOEEo R
h, LL900 mL 88 R A BRI 1. 0% SDS WA
B B, MJE (37.0+0.5)°C, # 3% 75 t/min,
FiUE B[] s BURE 3 mL, #MINFEARFRZEIRK, K%
HH2 mL, FENA 1.0 mL 28, FREFE, &
FALI 30 s, CNEAhFEIAR A B, VR HEA S
W, gk, HPLCVEME MR S A =, THAEAER
FER ] o BRBURRE , AR MR 2k
2.6 FRERKE
2.6.1 HTRRPHIFZE  &E HPMC K15M &
750 mg/ Fr, PEG 4000 &4 30 mg/ F, fHifjgR
BN RO 1. 0% , ZECREME . LB, H
XS 2 MR 2, S5 A ULE 2, f e El AT,
HERRE, FLBEVE M OR TR R B R TR S0, A
L R ERL, T REREAR R 2% s NG R R
566

Ja RN YR Ry FUNE > T S i > TERE , B2
FARU g H e B > FUBE > R, b TR 2 38 A n] il
MR K PEG RS TR IATY, Mokl
B R ORA

100

90
80

s 0t

g 60

g 0r —— @

B ~
o ~—
10}
0 1 1 1 1 1 J

2 4 6 8 10 12

t/h

B2 FTFRPFFES BRI 0
Fig.2 Effect of freeze-drying protective agent

kind on drug release

SRIG, WRT R 29 10 mg, A 5 mL Z€48% K
PRGEE, 0.45 pm WALUERT UE, I FORLAR 2
Mg oL, 255 LIE 3, ATAPESRAR R (303, 76+
18.34) nm, 734k, T ¥ PDI 24 0.152+0.036,
Zeta BLf7 K~ (18.17+1.64) mV, 5[ {45 5 44
KALES, PR A K, T Zeta AL

XHEAT NS
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Fig. 3 Particle size distribution of freeze-dried powder
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2.6.2 HPMC 15K H#& #E# HPMC 15K {E b %%
BEMEL, FURE MR TOR 3P0, 525E PEG 4000 H
O 30 mg/h, R R EE O RN TR
1.0% , %% HPMC 15K H#& 40, 50, 60 mg/ X
YR, SR ULE 4, LT A, B
HPMC 15K HIIGIN, B2 12 h N BB
JEB TR

2.6.3 PEG S5 EEIURE NG TR, &
JE HPMC K15M Hl = 4 50 mg/f, PEG =K
30 mg/ f, WERRRREE I EN AR 1.0% , &
£ PEG 400, PEG 4000, PEG 10000 X 254 Bl iy
s, Z5RULIE 5, HIATAL, RBEZYHURIEE PEG
S FEFETHEE LS, ks PEG 400, PEG 4000
BT
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Fig. 4 Effect of HPMC 15K consumption on drug release
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Fig. 5 Effect of PEG type on drug release

2.6.4 PEG 400 5 PEG 4000 {558 Sl b
YERHT AR5, & HPMC K15M fl 2 450 mg/
R, PEG &M 30 mg/f, fIgMREEH & 0 At
FEH 1.0% , %%% PEG 400 5 PEG 4000 L 17
1220 11, 2 1 XY R, 25258 UL
6. FHULTIH, Bl W& LB TH s, RE 2R
RN

100
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< L
m 60
B s0f
% 40 F ——2:1
B 30 —— 11
20 —_ 12
10
0 1 1 1 1 1 J
0 2 4 6 8 10 12
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Fig. 6 Effect of PEG 400-PEG 4000 ratio on drug release

2.6.5 PEG HIf BEEFURE R TR, &
£ HPMC K15M 54 50 mg/ A, BESRREE N
ROl 1.0% , PEG 400 5 PEG 4000 L Jy
2:1, HEPEG H# 20, 25, 30 mg X} 25 ¥ B i
sz, S5 0LIE 7, LA, BE%E PEG Tt

6
t/h

E7 PEG BEMNZYRBRMAIZM
Fig. 7 Effect of PEG consumption on drug release

2.6.6 RENRMRBEHI S PEREFUBEVE MR TORD,
WE HPMC K15M H &4 50 mg/fr, PEG 400 5
PEG 4000 Ffil 2 : 1, PEG H&H 30 mg/H, %
SERF RS ER B T 0.5% . 1.0% . 1. 5% XiF 25 4 B ik
sem , 25 UL 8, MLAI A, B RE AR R EE
IR, B EREE TR

100

90 -
80 -
e 0F
g 60 |
® O
=Y 40 F ——0.5%
B 30 | ——1.0%
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10 F
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E 8 WREEREREXN AWM
Fig.8 Effect of magnesium stearate con-

sumption on drug release

2.7 EXRIE W “2.67 W FAKNRXKL
B, #E#E HPMC KI5M & (A)., PEG 400 5
PEG 4000 [bf (B) ., PEG & (C) . fHARMREE
Mt (D) fERmEE, L(3Y) EsZRK Mkt
W, ZEKFEER 1, RFE 2, KEK Y
GRRTENIRI B 2RBE (L,,) RnRER
FEAE I i B2 AT B0, v Ta) B B 1 2R BB Tl
(Lg,,) FRNJE A AFTE B HON 2 5l BE R TRUIE O
BB RBVBEUE (Ly,,) RSB
2, GRS L=11,,-0.251 xX100x1+ 1 L, -
0.60 1 x100x1+1 L,,—0.951 x100x2, DIffk#
M. ITZEIHTINER 3,

HH AT, 2% R 3R S i R EE AR Y A>C>B>D,
HpHE A BHBEN (P<0.05); &I h
A,B,C,D,, B HPMC K15M Hl# 50 mg, PEG 400
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5 PEG 4000 [Lf] 2 : 1, PEG Fl4t 30 mg, FJEHR
BEHIR 0.5%

SRIE, B R R AP RBEORE B, 0,45 pum
FLUE B ok U8 5 0 A5 O 2Ok AR b (553.44 =
25.96) nm, PDI &y 0.318+0.067, H ayE 48

x1

K, ATRES R A i B v 4 KOk A7 21 8% 1 i & AR TE
A, Zeta A - (17.36+1.92) mV, BEAL
TRk, KU R R 5 A & 25 LA 9l
KA M R

E&KkF

Tab.1 Factors and levels

K A HPMC K15 M/mg B PEG 400 5 PEG 4000 L4 C PEG/mg D TEREREE/ %
1 40 2:1 20 0.5
2 50 1:1 25 1.0
3 60 1:2 30 L5

x2 RWRITEER
Tab.2 Design and results of tests

W A B c D(iR%E) L
1 1 1 1 1 28.2
2 1 2 2 2 26.8
3 1 3 3 3 27.7
4 2 1 2 3 15.9
5 2 2 3 1 17.9
6 2 3 1 2 27.3
7 3 1 3 2 21.3
8 3 2 1 3 27.9
9 3 3 2 1 25.0
R, 27.567 21. 800 27. 800 23.700 —
R, 20. 367 24. 200 22.567 25.133 —
R, 24.733 26. 667 22.300 23.833 —
R; 7.200 4. 867 5.500 1.433 —
R3I AEHW
Tab.3 Analysis of variance
KU BT B FAH P1{H
A 78.936 2 20. 982 <0. 05
B 35.529 2 9. 444 >0. 05
C 57.709 2 15. 340 >0.05
D(iR%E) 3.762 2 1. 000 —

FEFy 05(2,2)= 19. 00,

2.8 BiEXBRABFHMRFR L “2.77 IR
LA Tl A 3 R R, 4% “2.57 TR ik
EREEE, S5 ILE 9, MATF, R T Z2ZELEME
R4, KEERERZERRF 12 h B EBRBERE
4 93.19% .,

SRIG, XK BE IS i SR G2 B R 24 1 100 ik AT 4
568

B, BiRWR 4, THHSE -RTE (r=
0.994 1), i HAHLHIFT B Ritger-Pepps J7 B2 4 iR
XTFRIATE RIS, 0.45<n<0. 89 B M H 5%
PP EIAEAT, A SERIAS 1 S 0.782 6, FIAIK
BERC SRR AR 2 5 R — 3L

100 -
90 |
80 |
e 70F
60|
ﬁ 50 F
K 40F ——
Bk 30 | —a— 04
20 —— 34
10}
O 1 1 1 1 1 J
0 2 4 6 8 10 12

t/h

B9 KERBRERFEIMELHL
Fig.9 In vitro drug release curves for hydrogel

matrix sustained-release tablets
F4 HBEBEER
Tab.4 Results of model fitting

R L r n

Higuchi M,/M_ =0.275 3t2-0.091 5 0.9807 —
- In(1-M,/M, )=~0.176 31+0.088 3 0.994 1 —
T M,/M,, =0.074 21+0. 070 9 0.9817 —

Ritger-Pepps In(M,/M_ )=0.782 6lnt—=2.000 7  0.998 2 0.782 6

3 g

KRR TEAR S#E 25 M TRl s, 78 5 S 30
U R BN, AR T A AR AR AR Y 2 R ok
ZRIMSEFE R STE ) AIRE Y WRB
BRI F AR AT A R KR RS B, (HE
Aoz, UiZE . BKBES, flaTEES; K
BERSH BB il T A KT
A AA: P RIAS BT SR INZ AN A% & SRR
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JRANARRLR MG REF, 1M HIFARBR 2R B 1T
B2, R R R R O3 LR BLAR S A AE
DAY AR BOR S AR, BFFERWNS ) AR
il B 2GR ASR IO BRI, B SRR 25 )
AT AT, A5 BT AT RE S SRR KL P 2y
WA s A IR 28 VT I R el e e 25 )
MR TFahoRmE, A7 B TR & i R R
TRCRE AR RE 7 1 R X 0 T S 25 M Aok 25y, i
JEATXF A I (]I SRR, i T P A N I
THOLZENEI, HOA LY A Gt i B N 2482
W — LA G SR

HET, BRMEMRZ R ES, e
ENiE LI iE L IR TR R
BRI —AE 14. 4~50. 0 mg Z[a], A< 52 56 il
FERR RN 25 mg/Fr o o, SRR
R R Ll o A AR AL RE . PEG R R S,
AR TE IR RO Gl | 7R HAR RAA N 253
S5, LAY S A G r 28 R i i s A R A O A 4 3t
(EE-

SE .

[ 1] Jaganathan S K, Mandal M. Antiproliferative effects of honey
and of its polyphenols; a review [ J]. J Biomed Biotechnol,

2009, 2009: 830616.

[2] LiXW, Wang X M, Li S, et al. Effects of chrysin (5, 7-di-
hydroxyflavone ) on vascular remodeling in hypoxia-induced pul-
monary hypertension in rats[ J]. Chin Med, 2015, 10 4.

[ 3] El-Bassossy H M, Abo-Warda S M, Fahmy A. Chrysin and

luteolin attenuate diabetes-induced impairment in endothelial-
dependent relaxation ; effect on lipid profile, AGEs and NO gen-
eration[ J |. Phytother Res, 2013, 27(11) . 1678-1684.

[13]

[18]

XEE. AR XK BRIk i PR 3V H B HL )
T[], hZAZHB SRR, 2016, 32(1): 52-56.
R, FEACE. EEZ AR R[], ER
R, 2019, 38(7): 921-926.

BEBERY, HM, SR, % ARSI EWRH&
B SCEG AT T]. A, 2017, 39(5) : 934-939.
Wk, N, EBE, 5. AR B BTAROR Y
g B FEATRI]. Py, 2018, 40(1): 76-80.
WO, BHEER, X B, ZIREABAY O RAIKE
RGTTitRe[J]. B2 T4k, 2018, 37(6): 697-702.
ZHRA, Emte, F 5. THREBHIEE S WKL IR
BRI H % . RIELABFHR[I] . RATHHRS
Fk, 2019, 31(4): 669-674.

BUGHE. 5 R 25 08 e A 14 o 45 5 AR SN R RS T
[J]. BEZ554H, 2019, 38(3): 365-370.

g, sk ub, BUMHE. NEERST SR R RE F i A A
FOREHUEMIE ). BEZ5S4R, 2017, 36(11): 1291-1294.
Zhao Z 7., Wu C, Zhao Y, et al. Development of an oral push-
pull osmotic pump of fenofibrate-loaded mesoporous silica nano-
particles[ J]. Int J Nanomedicine, 2015, 10; 1691-1701.
SRR, FRRIA, ROIEZE, A T DR E AN T AR RL
W RO iyl A KA DT ARG [T i B B 2 A 2R
2018, 38(18): 1893-1897.

FERIE, WEE, KIOH, % MRS NS S
ROMBERREE 22 (T]. BEZy R4, 2016, 35(3): 296-299.
477, WM, 2Rk, . SRR S P RO 5
BRI TT]. gy, 2017, 39(5) . 952-955.
A, PRI, BHACHT, A WA ORI ER T AR Y
WFFE[T]. HEBZZE, 2001, 26(5): 315-317.
WaWEtE, TEME, 835, HPLC 35 I A2 R fa B &l e i 4K
TR AR MR RERW S [T]. oM RS,
2017(14) : 62-63.

ik FE, ZEPRIEL S ROBH GG E N E K P B R
R FERM G, PEVR, 2015, 28(6): 70-72.

569



