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Rhynchophylline nanosuspensions sustained-release tablets: Preparation,
optimization and release evaluation in vitro
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Abstract: Objective To prepare the rhynchophylline nanosuspensions and lyophilized powder, and study its sustained-release
tablets. Methods  Rhynchophylline nanosuspensions were prepared by microprecipitation combined with high pressure
homogenization method, and the particle size and zeta potential were determined. Scanning electron microscopy (SEM) was
employed to observe the appearances of nanosuspensions. Nanosuspensions were prepared into lyophilized powder using lactose as
freeze-dried protectors. HPMC (hydroxypropyl methyl cellulose) was used as hydrophilic matrix to prepare the sustained-release
tablets. Single factor investigation and orthogonal experiments were employed to optimize the formulation of rhynchophylline
nanosuspensions sustained-release tablets, and the model fitting was also been studied. Results The particle size and zeta potential
of rhynchophylline nanosuspensions were (153.7 + 4.9) nm and (-18.54 =+ 1.32) mV, respectively. The appearances of
rhynchophylline nanosuspensions were spherical or nearly spherical. After orthogonal optimization, the cumulative release rate of
rhynchophylline nanosuspensions sustained-release tablets was 92.53% in 12 h. The optimized formulation of hydrogel matrix
sustained-release tablets was better accorded with Higuchi model: In(1—M¢Mx)=0.286 0 t¥2—0.069 0 (r=0.992 4). The drug
release from hydrogel matrix sustained-release tablets were controlled by diffusion and degradation. Conclusion The obtained
rhynchophylline nanosuspensions has small particle size. The prepared hydrogel matrix sustained-release tablets can control the
release of rhynchophylline nanosuspensions in a slow characteristic.
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Ak, B AETEACEAEE R, SRR
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ik Crhynchophylline ) J2& ¥t R} £ ik J& 18 4 24 1
Uncaria rhynchophylla (Mig.) Mig. ex Havil. (/)3 %
2 i G = ¥ S 51 1 AN 11 I 4 =
R AL 1o AR JBE 55 22 o 24 B E MELOL K] oty
) BRI i BSCAL ve IfL s 245 4 o ) B AR R e PR R
FIAME - o1 T80 BB e 7 e 221, H T mPEG-
PLGA JEBARI. [ A i o 40 K 8145 1) 351 A 5G4
i, EAERGEM. #S TR EME A,

g9k B (nanosuspension) [B-1SLE B s
2 IS — € IR T BOm ) & B — Rl 4l 259
KRG U RG, HARAGES. fl& L2 PENR
B, AR ESE AR SO M, T AR
f FLAE VDR R BT R B kAl B R IR
A5t (HPKIBEFIRZHERR, &5 FEUME
VA P U B P A K IA8), mT R 2 R 24 0 1 e A
FABNE. K, #EH9KIRERENLR N TR
G RARPIX — A B B TR . i AROED, DR
S SRR TN 2.39 h, HARERNE B iE %
BS54 WAL 28Y, i) 2% R B R 3504 R T 2 e AR Y
oo A R IE I SR FH XUZE 205 SRR H 9N
KA TR, (EXRZBE RS T ERNE
<81, TR AT 70 1 S0k B R B % R 9 K TR AR )
FET-HAR, MRS S B I, ik — 2
JFE ) i 6 T 2 AR X T P PO R SR R 12021,
THUAR PR PR TR BN K TR B R SR FERTRRBY B (2 h)
AFEIRBEI S, HEFEB (6 h) A ELE BERN
T, AMEBL (12 h) BEREEC N e 40, IR4E
WL T TE A TR0 A4 B TR B oK TR 7 o I 1 SR 2%
B BIALTT S B TR B TR A B AL — P 1) SRS o
1 UESHR
1.1 %88

Mettler PB203-N H!HiF R, MpRFE-FEH 2
1x2s (i) HIRAT: Agilent1100 B i 5BAH 4
WX, DAD fulllgs, SEHE 2R Mastersizer
3000E BUFOGRLFE /M A, TEE /RS A IR A
] ; TF-86-200-WA RUERIR VKA, Liff SRV A
AT DDL-6 BRSO, B2 s
AIRAF: ISM-1T500 B4 s+ B (SEMD,

HA Ak LGI-10 BUA VR TR, dbtis
JEAEM R A T, ZRS8G A AEV I, _Eifs
BEH 7R A E; BP-8170-B U fay & AL, I
M FE B AR A .
12 ¥R

BHIRED, L5 PH170210, JFifE )%k 98.3%,
AT RIS AEMIR AR A E] ;s SRR IR, it
20161025, Jii o $=>98.8%, i EMIR
AIRAF: FLbE, MEEZERFEAR: BEE, A5
PC20170510, A8 BHRAL T A RA ;s KD
i 188, b5 HZB50C, f&[E BASF AH]; fRN%:
FIELF4E (HPMC), Ashland A& ; 32 —F% (PEG)
4000, b5 113091013, #hH[EKARLER; MHHAEREE,
fit'5 151026, T R FI 25 AR PR A A .
2 REEHER
2.1 SHERWEEENE
211 AEEZM A Angilent Extend Cas
(250 mm>X4.6 mm, 5 um); Kl A 254 nm;
FE#R 30 C; BhAHA 4 E-0.01 mol/L /K (B
VKEERR IR pH % 7.7) (45:65); AR E 1.0
mL/min; #EFEE 20 pL.
212 RMECRFBE FREUCE BT IR S 10.00
mg, BT 50 mL =, IIAZ 40 mL LA
ARG THCE 2 =R, B B E % 26 RIS 200.0 pg/mL
(R0 BE 2V RS R HUE R, RS RE
Pic #1] 5 9 B 4331 0.05. 2.5, 5.0+ 10.0. 20.0.
50.0 pg/mL FORE RS, 2 HPLC & I TiAR
FAXFIR SR EIRE (C) SN (A) L&
|4 5755 F2 A=1.1201 C+0.019 7, r=0.999 8,
2P v 0.05~50.0 pg/mL.
2.1.3 AR PIEH B 15 R ik S
WHHER A, FRELZ) 05 g & 50 mL &4, A
230 mL ZMEEE e R E S, B, BUE
i, 0.45 pum FALIEREEATIERE, EXSEIETK 2.5 mL
BT 50mL =i, FshHE R 22 E LS4
TR/
214 TEMEEs R e R, RS
B EAHIF, e “2.1.37 TR AbIE T v 4% B PR RE
fe BUBAMERESL . TRV R E N 10.0
po/mL) A1 “2.1.37 TR BIRE s AT o itk HPLC,
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Fig. 1 HPLC spectrum of negative solution (A), reference
substance (B), and sample solution (C)

215 FEMEEs H “2.0.37 WM B,
ST 04 24 4. 6. 12, 24 h i# HPLC il & £ Bl
WA, THEAS I RSD {0 0.93%, KA 5
WEDTE 24 h WEEARLRFRFE .

216 FEEEELE  rRlEUK. SRS R E K
(0.05. 20.0. 50.0 pg/mL) A e IR S VA WL,
Iy BIESERERE 6 YK, TS R BRI THI B Y RSD B4
AN 0.22%. 0.14%. 0.08%, T WL H ST K.
217 EBEEMES IR “2.1.37 TN REAE,
SPAT I 6 SR A AR S VAR, 3 HPLC I
BT A 2, THEH RSD 54 1.63%, [RULEE M
[EY/308

2.1.8  NFEEIU R FE S B RO S & O IDE 1)
EREFTRYR 9 4y, B 0.25 9 CREURER & &N 10
mg), BT 50 mL =i, o nlik R S A &
1) 50%-. 100%-. 150% I N\ 44 B0 Bt , BR40 75 3
o arAAEiR “2.1.3”7 TUR J5ik#AE, ik HPLC
W E B AR A & &, THERP IR R R
99.58%, RSD fH M 1.14%.

2.2 HHBRWAAREETIRERETHEHIE

221 HPKIREFIRSIE PRIV 50 mg & T
5mL oK ZEEH RIS EHUAH, &H. HFREON AR
A4} 188 % 0.1 g, T 50 mL Z&18/K, Wih
PRERVAAR (53 1000 rimin) . K776 S B I A
MU KA], e R IR e 28 CGlRJEN 45 C),
Br2AEHER . TIE SN 80 MPa HI4 1 T kS
Jii 10 ¥k, RIASHE R BB AN K TR Ak 7V A VAR

222 EEMMHIE R RS & T9RIR
BAFRE N, T — DR 1 2% B3 B Al
INYRIB VR E T VUM, B0 4 mL, 2350
3% FLHHES] (iR E), %IBER 1 P gekh
RERA IR THE fETEY BOR B 1548 g
KIRBFNER T A« G0 52 B J B ot = 53 $h
5.7%.

®1 FTERF

Table 1 Freeze-drying procedure

BBk AR E) HEEIC B [F]/h
TR B 1 —65 12
1 -55 4
FHER B 2 -35 18
3 -20 4
1 0 2
fEATRY B 2 10 2
3 25 6

2.3 PKBREFIMFRIE

231 kAR, ZoHdE% (PDD 1 Zeta HLALM
o WEFAONER, WA 900 , kRN
3%. B9 KIEER 0.1 mL, MIAZEMK 35 mL )5
RA), HREmmt, RABOGRLE 5 ic E
Hkifz. PDIFl Zeta A, Z5HER, GEKIRET]
[P k42 (153.7+4.9) nm (& 2), PDI K
0.058+0.009, Zeta HLfiiy (~18.541+1.32) mV (&
. WETHRER, AWMKERELRZ. PDI
Al Zeta HLAT . 45 IR, TR AR RS 715
RifE A (229.94+10.3) nm, PDI 24 0.101+0.016,

Zeta AN (-15.6+1.8) mV. S5 TRIZKIEE
FIPRAR S A AH b, Rk A BTG R, HA))
AF 1~1 000 nm.

232 WEFRFEENE USR] 24 R R
BRGKIR BT R Ty, 70 BT 10 mL Z& K.

W E PR IR FE A B 43 31y 37 "CHI 100 r/min, &
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Fig. 2 Particle size of rhynchophylline nanosuspension
and its lyophilized powder
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Fig. 3 Zeta potential of rhynchophylline nanosuspension
and its lyophilized powder

% 2 d J5EUE. T 12 000 r/min &iE S0 15 min
(4 °C), B EiBEWGHE HPLC Ml & s ik & 8. 45

TR, PHRRTR R 25 VAR Y 37.17 pg/mL, 4R,
YRR BN TR VAR IE N 2.16 mg/mL, ¥R
W 1 57.11 1.

2.3.3 SEM MEEGUKALT  EUE R B4 K Vi 2 71
0.1 mL % 5 mL Z&M/K, RE. MPKRERET
MAIE R, ZMMKER. BRRE S Tae:, &
B THET, ASF4TwEET SEM T HE
HAH, SRIE 4. H&RPORIRE R VBRI 8
UTAERTE o HL B WL 5% B A% /N T O RL B 23 AT £
RIRIAE, X AT BEA HH T B LS B2 TRk
RLF- IR, OGRS 58 1 2 KA R
kil 546, HTYRIBRFIG TR AT EE
KEH T, SEM F34 B A 1] 08 B {4774
EYKRLT

‘ ] A v; " B "&j

4 HEERHAASRET (A) FUETH (B) A SEM
Fig. 4 SEM of nanosuspension (A) and lyophilized powder
(B)

24 PRBREFETHMHEREMER

HTRHARBETIREN 25 C, BN 55%H1E
HEAEIRAET . 29T 0. 2. 4. 8. 15, 23, 30d B
ERGTMAR, BMKEEELRAE. PDI A Zeta
HAL. G RER (£2), B THIE 30d N, Hal
KHifE. PDIFI Zeta HLAZY B B 284k, JEAIRT]
DL RS DTIE ISR, UL R A K IR B AT
E 30d WIEAFRE .

F2 BREMKAE (X£s,n=3)
Table 2  Stability experiments (X £ s, n=23)

t/d HifZnm PDI ZetatLfiz/mV
0 230.2+ 9.8 0.109+0.14 -16.0+£1.8
2 231.44+11.3 0.115+0.16 -15.7£1.2
4 234.6+10.2 0.111+0.12 -16.2+15
8 2329+ 9.6 0.118+0.09 -149+1.1
15 236.8+ 8.5 0.113+0.15 -16.5+0.9
23 2351+ 7.1 0.121+0.14 -15.2+13
30 237.6+11.9 0.110+£0.13 -16.0£1.7

25 BRBREEBRNGIEIZE

R TR B K VR B TR VR TR 5 A T R 1 e
Bl (HPMC K4M #1 HPMC K15M JE &) A1 PEG
4000 55 S), AR S 059, KA 6%IE
My I 21 Ja ) & 5k . 20 H ik, BT
24 h (40 C), 20 H R fE I IE & 1 AR R
B, R IR R B R Fr e A
N (50+10) N.
26 BHMENESZE

KA EIEERERBRNE. TREN
(37.04+05) C, ¥# K (75+1) r/min F{4&FH 900
mL [ pH 6.8 TR £ S B RE U I R 2% 1R T idE
TR 7 05T 04 1. 2. 4. 6. 8. 10.
12 h BUFE 3 mL, SZEPAMEERIEEE . [FAFH pH 6.8
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TR IR B 2R S VR T R 3 PR SRR 1
mL G0 1 mL 20, FREmE, HA 30 s i,
BN IR, 0.22 pum PRSLIERE g . Bt
HPLC MllsE & &, THE RBUEME, FLmZRH
IR SR 2 2

27 BEZRER

2.7.1 HPMC 4K 1 HPMC 15K Futalx B 2547 N
S [E 2 R FH & 350 mg/ f, PEG 4000 H
N 20 mg/f, HPMC S H &8 50 mo/ Fr, TR
BARE 1% 5T, 20755 A H HPMC 4K
ATHPMC 15K Ebf (102, 131, 2: 1) k4
BN AR B TR B 2R G R I AR AR V2, 25
HRILE 5. HPMC B FE S HARX 07 i 2= 1K/
AR, A>T RUEMOR, EIK IR a7 A R R B
e, BHAE A K08, B F HPMC 15K FAH S 43
TR HPMC 4K &, B EEECR, ItEEE HPMC
4K TEVRA GERA R LU R8I, 220 1 R 24330 R
BT R, T 24 HPMC 4K Al HPMC 15K il 1

1 A IR 25 AP AR

272 ZEMEHENESR BEHETHHERN
350 mg/ /v, PEG 4000 A4 20 mg//v, HPMC 4K
ATHPMC 15K Ebfl Ry 10 1, RERRRAEN R & 1%
IR, 43 3% 824N A HPMC & F & (40, 50,
60 mg) KR ARSMREZ R, 25 R ILIE 6. 5%
B BB 25 A BRI BEE HPMC H & (1)
B HT T B o ZERARE HPMC 38K 5 TR R — R IR
FHYTJZ, AT AEZZ K 25 PR 25 . HPMC H &
AR, TR i B 2 R, S 24 R T R B
TER & . Bk A5 HPMC B &, AT
IR R AR 1) H 1 AR R A R R,
24 HPMC 4K 1 HPMC (1 : 1) & &} 50 mg B
SRR A AR 2 1 LA G BEAR
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EéE 40
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1 ——1:2
0 T T ! T T )
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t/h

5 ZERMEIELAIRER (X+s,n=3)
Fig. 5 Study of different ratio of framework material
(X£s,n=3)
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6 ZEBRMHAENER (X+s5,n=3)
Fig. 6 Study of amounts of framework material (X £s,
n= 3)

2.7.3 PEG 4000 HEM#% ek THmHEN
350 mg/ )}, HPMC 4K F1 HPMC 15K bl 1 : 1,
&4 50 mg/ fv, WEARRREE N F i & 1% %14 T,
73 317 58 AN A PEG 4000 A & (15, 20, 25 mg)
MR RN Z e, SERILE 7. ANF AR
XTERE T RSN A R RE R, % PEG 4000
FEIGIN, 228 B2 Wi K. X2l T
PEG 4000 187K 25 5 Vs fife » 1EBERC BRI B B T REZ
TIE . MOREZGIEIE ) 2 /0 5 PEG 4000 FH&E £ 1EEE,
IR AT 3B R T PEG 4000 F FH Bk B 1 22 R
B2 FRI/ER . HPMC 5 PEG 4000 %4 & —Fl
AHELAE AR, fe 284 o) g PR ik 1 4 i I3 499 K 1
SRR, AW REKY, X4 PEG 4000 HHEA
20 mg/ i, GRE AR AN AR P AR
274 MWERBEHERNESR BEEGTHHEN
350 mg/ /v, PEG 4000 &4 20 mg/ /v, HPMC 4K
ATHPMC 15K HEfl 121, F&EA 50 mg/ k. 4
AR AR R & (0.5%. 1.0%. 1.5%) K
STRRE PR ZG e, S5 R 8. THEEREE
KA, B R I TR R IR R B 20
W, BRI AR K RARBEHCR IR N . st
100
80:
60:

40

RBRETRAI%

20

0

0 2 4 6 8 10 12
t/h
7 PEG 4000 HER%EE (X+s,n=23)
Fig. 7 Study of amounts of PEG 4000 (X £ s, n =3)
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R %
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8 MWASEREFAEMER (X+s,n=3)

Fig. 8 Study of amounts of magnesium stearate (X s,
n=23)
T e R EE I B 1.5%FH, s 1) ) 22 8 v el 5 v
fi%; HHEN 0.5%, Z28 A Il T8I & . T
R R R L (1) & 1.0%0, T 8l (K 22 R F AR AR
iR FRE, B FIRER E S, RIEEIE .
28 EXRBWAHERRLS

2 FL R IR LRI, B SRR LA J FH &
PEG 4000 FH &S50 2R se iR, SR 68 8 IR 4%
W E 244 B HPMC K4M Al HPMC K15M &t
1 (1.5:1.0. 1.0:1.0. 1.0: 15, A). HELEH
i (45. 50. 55mg, B). PEG 4000 & (18.
20. 22 mg, C) Ffifi g R EE FH & (0.8%. 1.0%- 1.2%,
D) {ENIEAZ RIS R R KK, F- KA Lo(3%)
IEZRIG AR A T o BTG B B AR
BB (Lan) HIEIFT B BAREINER (Len) FlHR
JE BT BB RBVEEICE (Lizn) 3 MIFAN TR, 7007
SLLERE F ERTUR Y BURD A ] B B2 A7 (R IR B ik
FEREIBUE L, VLA BOR MR e 4, BER
B B SN AN L= | L2n—0.25] X 100X
14| Lenh—0.65| X 100X 1+ | L12h—0.95| X 100X 2.

IER Rt 54 R IE 3. REkE R, &
AN IN T N A>B>D>C; H#E Ri. R2
M Rsfl, SRR BAEAEN AlB.CoD1. 1 ZEDHT
ZERWE 4. HFHRE A (HPMC K4M F1 HPMC
K15M EEAFID  Stof ) T 200 K Vi 7R P B 2R 2 %
WRAINRE 25 B A BRSO . B e M RE B B
1454075 TRy N 350 mgl Fr (R R ERRIZ) 20 mg),
B4 B HPMC K4M F1 HPMC K15M LEfs) 4 1.5 ¢
1.0, =N 50 mg/)r. PEG 4000 Hf&EA 20
mg/ v BRI EEH N 0.8%.
29 T ZHERBHANGIMER

IR R T PAT I % 3 HLGRRE IR AN B2
HOUILE 9, AT WZAab 7 TEEM MR, 7512 h
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#3 IEXRE
Table 3 Orthogonal test
i oass A B/mg C/mg D/% L
1 15:1.0(1) 45(1) 18(1) 0.8(1) 184
2 15:10(1) 50(2) 20(2) 10(2) 163
3 15:10(1) 55(3) 22(3) 12(3) 193
4 10:10(2) 45(1) 20(2) 12(3) 226
5 10:10(2) 50() 22(3) 08(1) 194
6 10:10(2) 55(3) 18(1) 1.0(2) 248
7 1.0:15() 45(1) 22(3) 10(2) 273
8 10:15(3) 50(2) 18(1) 12(3) 248
9 10:15(3) 55(3) 20(2) 08(1) 251
R1 54.0 68.3 68.0 62.9
R2 66.8 60.5 64.0 68.4
Rs 77.2 69.2 66.0 66.7
R 23.2 8.7 4.0 5.5
Fk4 RESH
Table 4 Variance analysis
WERE  REFIM HHE F1d oM
A 90.026 7 2 33.7600 P<<0.05
B 15.260 0 2 5.7225
C (i#%) 2.666 7 2 1.000 0
D 5.286 7 2 1.9825

F0_05(2, 2) =19.00
100+

80+

§ il
¥ 60| .
B i —— 1l
2 0 -2
B - B3
20-
0 T T T T T Y
0 2 4 6 8 10 12

t/h

9 SHERBRERRFIMELMLZL (X£5,n1=6)
Fig. 9 Drug release profiles of three batches of hydrogel
matrix sustained-release tablets (X £ s, n = 6)

P RBUR IR A 92.53%. BEMIHAIERLE 5, 1R
PEARC R H r AW, 08 756 Higuchi B84,
BTN In(1—MyM..)=0.286 0 t1,—0.069 0 (r=
0.992 4). ZZERE B ZHLEI W] B Ritger-Peppas £
BURHER . XT R, 4B S4 n>0.89
IR s 24 0.45<<n<<0.89 I, ¥ Bl 5 ¥l
EVER: 5 n<<0.45 Iy Fick 7 #%. B THEZ
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Table 5 Fitting release model

E{yNEy it WETTHE r n
TR Mi/M==0.075 8 t+0.106 8 0.9770 —
Higuchi 1% Mi/M-=0.286 0 t2—0.069 0 0.992 4 —
— AR In(1—M¢M«)=-0.207 2 t+0.092 8 0.9914 —
Ritger-Peppas 15 % IN(M/M<)=0.723 2 Int—1.792 5 0.993 6 0.7232

Myt IR) s F BRARBE IR, Mo ool BBV, MUM.Jy t IS TA) ) BRARBETRCR, t AT IR], n MBS
M is accumulative drug-release at time t, M., is accumulative drug-release at time oo, My/M,, is accumulative release at time t, t is time, n is release parameter

¥nH 07232, 54 0.45<n<<0.89, [AIILZER: H 1k
SMBEZ N B S T R o VR R S A
BIARSMEA G, Wy 8uER 2> 5%8 7 b+
F/KMEYI T PEG 4000 (B /K AL AT OB IE A
K, 477 PEG 4000 H & K/INAT RES W28 i
B R P A R R o A R A A TR I
LKA MATLAB XAFA5 H AT /R o A A R S 40
Tso Fll Tao Z5SRTEIR, 3 RULEREF i H 50%FT 75 B [H]
9 43h, ¥ 63.2%1 75 E 4 5.9 h.
2.10 SHERMEULIF R FIEIMELELER

HUEE RO L 25 . PEG 4000, K LN 78 A
JREA 0.5 9, K 6%JEkn H A #1355 Ja il & 500
20 Hiyfide, BT HEZS TS 24 h (40 C), 20
H I8k 5 I NS 2 AR AR ERBEVR 2, s ) B T
WA U BRI BRI T8, %IR8 A
1l 2% 5 1k RV ) S R R AN K TR B o B FEE
JEkLZ, el “2.87 WU il £ T2 48 i i ke
R, TR R S R K TR B 5%
B —80. Pl 45 I B0 R i o B R B K TR
R I ARV TR ol iR ) 24 S R ) 2 (R TR A oK
TREFGEREF (20 mglFi ). fE[R—51F T %
B, GUKIREF A TR 228 R gkiR
BN RN ZI L, SR I 10, 9 RIS
Bk BAUVB RN 41.5%, 1RSS5S
R 2, SEDYIE T HARRE . Hl%
PRGN JE, TR BRI 5 A s ik
RIXBIW KN, 762 h NAWIEEAREH R, #
FEBRAK IR B R WA R PR RE AR, &
KBEIE S PRI R A FE, HAESAEE
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