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In vitro evaluation of diosgenin nanosuspensions with different particle sizes
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Abstract: Objective To investigate the effect of particle size on the physicochemical properties, aqueous solubility and physical
stability of diosgenin nanosuspensions (DSG-NS). Methods DSG-NS with different particle sizes were prepared using the milling
bead with the diameter of 0.5 (DSG-NS0.5) and 1.0 mm (DSG-NS1.0) by media milling method using the combination of Pluronic
F127 and sodium dodecyl sulfate as stabilizer, respectively. The DSG-NS were solidified by freeze drying method. The
physicochemical properties of DSG-NS were characterized in term of particle distribution, scanning electron microscope, X-Ray
diffraction and Fourier transform infrared spectroscopy. The aqueous solubility of DSG-NS with two particle size was compared by
equilibrium solubility and dissolution rate. Results The particle sizes of the DSG-NS1.0 and DSG-NS0.5 prepared in this paper were
(762.5 + 18.4) and (342.8 + 7.3) nm with the polydisperson index (PDI) of 0.435 + 0.087 and 0.170 + 0.018, respectively. The
re-dispersed freeze drying products had particle sizes of (919.0 + 27.2) and (458.0 £+ 10.3) nm with the polydisperson index of 0.521 +
0.094 and 0.298 * 0.021, respectively. Both DSG-NS1.0 and DSG-NSO0.5 had an irregular rod-shape or flake without any aggregates.
The DSG retained its original crystalline state during the manufacturing process of DSG-NS1.0 and DSG-NSO0.5. The solubilities of
freeze drying DSG-NS1.0 and DSG-NS0.5 were (5.094 + 2.083) and (26.121 + 10.286) pg/mL. The accumulated dissolution rate of
freeze drying DSG-NS1.0 and DSG-NSO0.5 was 36.1% and 64.9% in 60 min, respectively. The particle size presented significant
increase in 10 d for the DSG-NS1.0, whereas it had no change in 30 d for DSG-NSO0.5. However, the particle size and distribution of the
freeze drying DSG-NS1.0 and DSG-NSO0.5 were stable during the storage of 3 month. Conclusion The reduction of particle size had
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no effect on the changing of morphology and original crystalline state and contributed to the improvement of solubility, dissolution

rate and physical stability of DSG-NS.

Key words: diosgenin; nanosuspension; particle size; solubility; dissolution; stability
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F) 5 B2 B (2.5%. 1.25%. 1.0%. 0.83%. 0.625%.
0.312 5% ) T5 %%, 45 5 F127 (M)l & %08 0.83%
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sEVE, £ DSG-NS 4k J7 i N8 A4F55E 77 SDS,
it fltidk, g F127 5 SDS LN 8 & 1. 433l
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30 mL DSG HHIR B ; S8 fa ¥4 i BE BTN R S AL A
VRGN 37 Hz, WHEE 20 min J5, 93] DSG-
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mL DSG HLVE B NN IR GErh, W AT 5 e
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FWRTHHIRLAE, ik PEG6000 f 5T &40 5 (4%.
6%-. 8%-. 10%), 5K 8% PEG6000 I,
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—-25 C T 12h, /5420 CTF T 4h, 53
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PR B A G a, BUE, T, mTEHmA
8%T1] PEG6000 A1 2% H & lE, RI15 DSG 3R
“.
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SERWEER 1. [FE, DOBZEACNEIRER, W¥iET
f\) DSG-NS1.0 F1 DSG-NS0.5 H A 1 mL 7&K,
FHAHHRRE , 5 P25, [RIAT R 7 V40 € Kif2 1 PDI
(£ 1. 1% 1 7%, DSG-NS1.0 i PDI {54
0.435+0.087, ifj DSG-NS0.5 ] PDI f&>4 0.170+
0.018, ¥iH] DSG-NSO0.5 IR/ A%, Ik
A RT3 55040 s T J5 1) DSG-NS1.0 £
DSG-NS0.5, Fif2Al PDI #BA /Mg .

% 1 DSG-NS1.0. DSG-NS0.5 F1/&FHJ DSG-NS1.0.
DSG-NSO0.5 BJ#If2#0 PDI (X £, n = 3)

Table 1 Average particle size and PDI of DSG-NS1.0,
DSG-NS0.5 and lyophilized DSG-NS1.0 and DSG-NS0.5
(X*£s,n=3)

FE b frfznm PDI
DSG-NS1.0 762.5+18.4 0.435+0.087
T DSG-NS1.0 919.0+27.2 0.521+0.094
DSG-NS0.5 342.8+ 7.3 0.170+0.018

T DSG-NS0.5 458.0+10.3 0.298+0.021
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BRI, RFEEAEHEMESE; mHEER
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NS1.0 F1 DSG-NS0.5 (1774} Bl 15 iR & i —
i, 1M H DSG HIRFIENTS IR B ILEY) BRI G4
%) DSG-NS1.0 F1 DSG-NS0.5 ffi7h i . ix
ek QLRI DSG 7E# 1] DSG-NSL1.0 1 DSG-NS
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1 DSG [E#l#Z5 (A). DSG-NS1.0 (B) 1 DSG-NS0.5 (C) &Y SEM BBE
Fig. 1 SEM images of DSG coarse powder (A), DSG-NS1.0 (B), and DSG-NSO0.5 (C)
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2 DSG RH# (A). =BE%#H (B). YHEREEY (O).
%F DSG-NS1.0 (D) FEF DSG-NS0.5 (E) B XRD [Elig
Fig. 2 X-Ray diffraction patterns of DSG coarse powder
(A), blank excipients (B), physical mixtures (C), freeze
drying DSG-NS1.0 (D), and freeze drying DSG-NSO0.5 (E)

RIEEAS SR, 5 DSG JE K24 (7775 K3 A L,
FEVR T DSG-NS1.0 #1 DSG-NS0.5 HIf7 4 i b
DSG FIRFAEAT S 0 (R W B B [, LT IR AT e 2t
/N,
244 FT-IR 731 SRABEACERK DSG. 2= KL
YIFRAY). % TH DSG-NS1.0 il DSG-NS0.5 [
oo AT FT-IR MK, 753 FT-IR &, 455800
3. DSG HIFFEW W IEEYBIR G 11
DSG-NS1.0 il DSG-NSO0.5 ] FT-IR H &AW 5%, Ui
HIZG AR 2 1R 3A K AEAH HAE R, DSG K1k
SEERE AR R
2.5 DSG-NS B#IEiaEM

# DSG-NS1.0 A1 DSG-NS0.5 435 ik T it
FRELETHRZRN, 2% F 0. 1. 10, 20, 30d Ht
FE, 4% “2.4.17 TR 7R ERIAZF PDI, 2553
L2 2. % F ) DSG-NS1.0 il DSG-NS0.5 jit & 7& -
&M, RJE5 5T 0. 30, 60, 90 d J& HUFE;
T SEEUAE 2T 1 mL DSG-NS1.0 A1 DSG-NSO0.5 f)4

C
D
W
I T T T T T T T T T T T T T T 1
4000 3000 2 000 1000
viem™

3 DSGERIZ (A). ZRHH (B). ¥HEEAY (C).
%F DSG-NS1.0 (D) F%&F DSG-NS0.5 (E) HI FT-IR Elig
Fig. 3 FT-IR patterns of DSG coarse powder (A), blank
excipients (B), physical mixtures (C), freeze drying DSG-
NS1.0 (D), and freeze drying DSG-NS0.5 (E)

THEd, 1 mL XK EUS, %R “2.4.17 I
TR E R PDI (3R 2),

& 2 AJ%0, DSG-NS1.0 fE=iE FiE 10 d
Ja, Wit (762.5+18.4) nm ¥hn%| (1 067.4+
25.6) nm, T HHSARE S K AERSE, RIHER
SEMERZE; 1 DSG-NS0.5 76/ E 30 d J5, KifRAn
PDI %A KA R MR, R\FEHRLT. T
ff) DSG-NS1.0 Al DSG-NS0.5 7£ [F] %5 4+ T i & 90
d Ja, FEERARAEREAL, REE TR
E LT NS.
2.6 HPLC ME DSG F7iEMEN
26.1 k%M mRBGEAHGIE: Agilent 1260
(BFEPUIC . DAD fillgs); ai4E>y Diamonsil
Plus Cig ¥ (150 mmX 4.6 mm, 5.0 um), WaIAHA
-7k (0.05% MRz ) (90 @ 10), AFIHRE 1
mL/min, W13 K 206 nm, 5 30 'C, #FFEE 10
ul, FESESHELL DSG g m A A 9 334,
2.6.2 XTHESEWHIS R EARE DSG X



¢ %% Chinese Traditional and Herbal Drugs % 48% 2 17 #] 201749 H * 3533 ¢
2 HHEMETREREFRIE PDI (X £s,n=23)
Table 2 Particle size and PDI of DSG-NS1.0, DSG-NS0.5, and
freeze drying product at different time after storage (X =s,
n=3) A \
FE i MEREG  RARm PDI |
DSG-NSL.0 0 7625+184 04350087 I w
1 876.8420.1 0.476+0.012 R
10 1067.4+25.6 0.586+0.091 \
20 — —
30 — — B
%F DSG-NS1.0 0 919.0+27.2 0.521+0.094
30 890.3+24.7 0.478+0.069 A |
60 905.3+13.8 0.488+0.055 ’
90 920.2+11.8 0.511+0.041
DSG-NS0.5 0 342.8+ 7.3 0.170+0.018
1 340.2+ 45 0.189+0.009
10 3546+ 3.4 0.201+0.012 ¢
20 365.2+ 6.8 0.199+0.020 1
30 387.3+ 3.8 0.211+0.067 JI{ s
7T DSG-NS0.5 0 458.0+10.3 0.298+0.021 J -
30 44854146 0.301+0.011 0 S 10 1
60 4517153 0.304:0.012 A-DSG XM B-ZAME C¥T DSG-NSL.0
90 460.9+12.5 0.288+0.033

5.00mg, #&T 100 mL &4+, A 10 mL KL
FEAR, JFF 0.2% SDS /KIEFRE %I, 153
Ji B EE N 50 pg/mL DSG Aot HE VA TR

2.6.3 MLAMERHIS o alkEERBUE T DSG-
NS1.040.0 mg (/4T 10.0 mg DSG), $A#0
edEh, %R (hEZG ) 2015 4R IR S5 —
3 Iy B, BA 900 mL ) 0.2% SDS KA
WORVE AR, #55 100 r/min, 5 (37.040.5)°C,
T 45 min BUFE 10 mL, A 0.10 pum flFLIEAEgE,
HR SR P8 AR R VR T8 ) AR S T

2.6.4 ZFTHENAM  HKHE 40.0 mg DNS-NS 4T
WAk J7 LLBIARE 2 kL, 75T 900 mL i
A, 0.22 pm FFLIERRIERE, HUSRIETR.

265 LEMEHE BT MIER 2 A ENA TR
PR SR, IR “2.6.17 TUT (il A HERE AT,
R EERE (E 4. mEREE, AT
DSG & L4

26.6 ZMXRMRICERREE 5% EN
DSG xf i d oG =, BT 10 mL &)+, HEH
N IRMRERZIE, SRRERES RN 0.2, 0.5,

A-DSG reference substance
C-freeze drying DSG-NS1.0

4 LZRMEIEE
Fig. 4 Chromatogram of specificity test

B-blank excipients

1.0. 5.0, 10.0. 50.0 pg/mL ] DSG % H& A

R “2.6.17 TUF IS FANE, R, Lo
W TR AR KR (YD, DSG J5t B Ak R (X)),
HEATERIE RS, 455 DSG [H 724 Y =19 450.87
X+1511.7, r=0.999 8, &5 JK ] DSG 7F 0.2~50.0
pg/mL 2B R BT, DMEMEL (SIND 4 10 B Y
X T EIR B N R E B IR, 45 R s &R
4 0.2 pg/mL.

2.6.7 FEEERK  H 5.0 ug/mL DSG i HE i
W, Fel €2.6.17 TUNBISAM, R 1 RELSLEFE
6 K, EENE 3d, REmA. 4R HNAHIE
Fi % BE RSD 73714 1.1%7F1 1.6%.

26.8 FEMERAL fEERFMFT, 2%F 0. 2.
4, 8, 12 h Bl mid i, & “2.6.1” TR 7k
rHT, sk IR IEIE AR, S5 RIEHAR RSD A
2.1%, R SEEAE 12 h HEE.

26.9 HEMIRAE HUATH DSG-NS 6 1, &M
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“2.6.3”7 T A& HEA AR, R “2.6.17 T
NIRRT, iR AR, THEILE, 45 DSG
I RSD N 1.3%, RPE LR
2.6.10 [ ALE  fKHE DSG-NS1.0 T4 ik
75 EEBIRRE A A ERE R (n=9), /2 H1E T 10 mL
&, LA 45 min ¥ H T DSG i &K AN 100%
JREWRE KT, ali%i08 1. 111, 1.2: 1/
LLBFEZ I DSG Xt R i fig S UE R, IINIA
NEFREEZE, HRMHST&A DSG MK
B 42514 3.6+ 4.5, 5.4 pg/mL AR i, f%
MR “2.6.17 T (AR 254, HEREM T, Il RUE TR,
HHENAE, BBCRH (SEMARE) Fr. 4
REW, K. . SR ER AN RIE R B
4 99.6%~101.2%, 1~ =it 100.8%, RSD K
1.2%.
27 FERBEER

Iy KB FREL 10.0 mg DSG JEURF 24541 40.0 mg
% DSG-NS1.0 A1 DSG-NS0.5 £ (#H24F 10.0
mg DSG) % 31, KHET 10 mL E.0EH, N
A 8 mL MZEAK, FINIRNE, RS HEL
BT 37 CKBHIRY T2h 5, BURE, RERZ 0.10
um FEFLEEREIERT, HUSLE, HPLC v&ille DSG
FEAS [RIARE i o () PRI AR B« 45 SR R T DSG-NS1.0,
DSG-NS0.5 H - ¥ fif 52 73 il 79 (5.094 £2.083)
(26.121+10.286) pg/mL; 1fii DSG Ji el 25 7E 4K H
() 5 P8 FEE ARG T A SI2 36 8 ST 1) 0 BT D7 Y TR IR A1 8
PR IXuegh AR H, 4% ak DSG-NS 1] LA i DSG
VAR TS, T H DSG-NS0.5 f)~F 1 1% iR ¥ & T
DSG-NS1.0.
28 ALEER

S8 (P IE 25 ) 2015 R PY 5 H i H R E
M A Bk S FREL DSG £ 10.0 mg 1 40.0 mg
KIYIEIR A % T DSG-NS1.0 1 DSG-NSO0.5 ¥
i T84 DSG £ 10.0 mg) %% 34y, A#0
Mg IR TN DIRE ¥ . BL 900 mL 7% 0.2%
SDS WIZAKIEBAE R RN, REKRIE, fE%EA
100 r/min AR E R (37.0£0.5) CTELT, 25T
5. 10. 20. 30. 45. 60 min BHUEE 10 mL, HURES
ST RPN 78 AR 2 0 A 5T AN RN (] SRR
2 0.10 um FRFLIEREEIT, HUEEETR, HPLC vl
SEANFRE S DSG SRR E, 115 RBUA R,
DL R BRI RR, B TR AR AR, 43 2 )
DSG JFkIZ). YMHEIREY . T DSG-NS1.0 #

DSG-NSO0.5 ] SR I HH - ) i 2k, 25 LI 5.
HE 5 %1, DSG JEklZy. MEEREEY. hT
DSG-NS1.0 fl DSG-NS0.5 7£ 5 min i f] 24 H
23N 2.5%. 11.5%. 19.7%. 39.5%; fE 60 min I}
() BRI 20 5 27.7%- 34.0%- 36.1%- 64.9%.
ixsest BRI DSG-NS AJ LA DSG HIE H &,
1M H DSG-NS0.5 [J¥% ti # 5T DSG-NS1.0,

80+ DSG
o TIERLY
{-a- T DSG-NS1.0
v T DSG-NS0.5 v
60 y—— v 1
S b 4 -
% /
& 404 ¥
3 B i —
B A e
20 "
- /. ]
O T T T T T 1
0 10 20 30 40 50 60
t/min

5 DSG JR#iZh. ¥R &%), AT DSG-NSL.0 #1 DSG-
NS0.5 7E2 0.2% SDS 4k FRyiaHizE (X £s,n=23)
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