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Preparation and pharmaceutical characteristics of naringenin nanocrystals
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Abstract: Objective To prepare and investigate the pharmaceutical characteristics of naringenin (NAR) nanocrystals. Methods
NAR nanocrystals were prepared by media milling combined with spray drying method. The mean particle size and polydispersity
index (PDI) of NAR nanocrystals were analyzed by Malvern Zetasizer. The morphology of the nanoparticles was observed by
scanning electron microscope (SEM). The crystalline state and the chemical structure of NAR before and after nanonization were
characterized using X-ray powder diffraction (XRPD), differential scanning calorimetry (DSC), and fourier transform infrared
spectrometry (FT-IR). Dissolution rate of NAR before and after nanonization were studied using rotary basket method. Results The
mean particle size of NAR nanocrystals was (400.7 + 6.9) nm, and PDI value was 0.23. After nanonization, the crystalline state and
chemical structure of NAR were not obviously altered, and the solubility was significantly increased (in pH 1.2 hydrochloric acid
solution and pH 4.5 phosphate solution, P < 0.05; in pH 6.8 phosphate solution and water, P < 0.01). The dissolution was obviously
improved, Tso and T4 were visibly decreased (P < 0.01). Conclusion The optimized process is stable and feasible for the
preparation of NAR nanocrystals. NAR nanocrystals have a tiny and uniform particle size. After nanonization, NAR was still
crystalline, the solubility and the dissolution were significantly increased, which can provide the basis for the further development of
NAR.
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(1) KA IR FERANT Wy e e T
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K30 F1 PEG4000) TEULHKATE T, R e A6
T KA 289 nm.

(2) LR MEXK R FEZHREL 10 mg NAR F 100 mL
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ng/mL A B TRIE S, FHZEBKIE AR
BRUREIREAN 2. 4. 6. 8. 10, 12. 14 pg/mL
(1) Z AR SV, T 289 nm AL E OB RE (A
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782, [FVENE NAR 7634t 3 Fl /i m 2k
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C+0.014 13, r=0.999 6; A=0.057 73 C+0.011 74,
r=0.999 6. NAR XJHE S IRAE 4 PP/ H A
FEREEH RSD 43514 0.92%. 1.53%. 0.88%. 1.45%:
H [E#5 % £ (1) RSD 43314 1.05%. 1.29%. 1.23%.
1.14%; fOFEECE 53514 100.24% . 100.44% .
100.17%- 100.42%, RSD 43%4 1.24%. 0.82%.
1.18%. 0.99%, ¥ITFEMHTER.
225 WK HBGIE NAR JERZy. ¥EIES
) (NAR. 8% PVPK30 F10.3% PEG4000, #HX}¥
TR MY EE 3 41 100 mL HIZEHETE
o RN pH 1.2 SRERVE R pH 4.5 BERR Eh 1AW
pH 6.8 MR Eh A TR LA M Z818/K % 50 mL, T (37.0%
0.5) ClHIEIRG#TERE 72h, B, BETFE0E
#, PL 12000 r/min &0 5 min, BU_EiEH4 0.22 um
JEEIERL, FEVIEM . B ERIEIOE LR, TR
SN, 1E 289 nm KA EH A E, HE
ARRL .
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IJERIZG L 9K A B 3R S ) 2 R B e i3 AT Ak
SNAE N E . #F 5. 10, 15. 30. 45. 60. 75.
90 min &-HUFE 10 mL C[EIN4h 78 10 mL ey A
i), 0.22 um JEREE, FFEIEIE LMRE, MR
MY EEEE, 1E 289 nm UK AL E H O E,
THEA R, SR04 PF: IR (37.0£05) C, #
% 100 r/min, ¥ HAT: 900 mL (pH 1.2 TRER TR
pH 4.5 BEFR LRI . pH 6.8 BERR ThVA R M 28 187K ) o
3 #ERE5IT
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PAGK s AR AR KN e 2 4 Be % (PDD R
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KRR B R AL T T 24T Ptk s, % PVPK30.
P188. HPMC #l SDS 4 Fifa e il WHEEER K /ML K
WF BB TR EAT 7 0T , 45 SR 1% £ PVPK30 yfa e,
WHERK AR 9=0.5 mm, BFEER[A] A 6 h. 7E 40
T, SR AR RORAR 1 2 R S S AR E A R R A
. WHEBEREE. 3224 R AR B
KA EFIFZE (PVPK30). FFEERR KN (o=
0.5 mm) KHFEERIE] (6 h) {EN[EE &M, KH
Lo(3") HWITIFHHT IE IR, #E— bR E T
JRESH (A BB & (B). EAFEIRE (C)
FWFEEESE (D) T %M. EXIRE R S5K
P RARIG SR AR 1, T ZE AT LK 2.
1P HEEXGOKFRAR W E IR RN
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Table 1 Design and results of orthogonal test

%5 A%  Blg Cl(mgmL™) D/(rminY) “FH¥Ik42Mm
1 31 8( 120 (1) 150 (1) 818.7
2 3(1) 16( 160(2) 200 (2) 738.8
3 3(1) 24(3) 200(3) 250 (3) 591.1
4 52 8(1) 160 (2) 250 (3) 730.9
5 5() 16(2) 200(3) 150 (1) 582.8
6 5(2) 24@3) 120(1) 200 (2) 710.1
7 8(Q3) 8() 200 (3) 200 (2) 384.5
8 8(3) 16(2) 120(1) 250 (3) 643.4
9 8(3) 24(3) 160(2) 150 (1) 506.4
K; 2148619341 21722 1907.9
K, 2023819650 1976.1 18334
K; 153431807.6 15584 19654
R 6143 1574 613.8 132.0
xk2 HESH
Table 2 Variance analysis
WERIE  WEFTM HBE  FE wEME
A 70 283.308 9 2 24.0692 P<0.05
B 4 636.868 9 2 1.587 9
C 65519.882 2 2 224379 P<0.05
D 2920.055 6 2 1.000 0

A>C>B>D. ASZE LR RN FabR, ik
PRI /NEIAE T, R AsB3sCaD,, IEAZ IR
4L 77 T. 22508 8% PVPK30.NAR Jii & 200
mg/mL. 0.5 mm HfEEER 24 g, WFEEESE 200 r/min.

FAEASRIGA AT T2 (AsBsCaD,) il %
Fedl, &0 E Pk (396.3+8.9) nm, PDI
5 0.183+0.021 (n=3), &5IEA R FRiAR /N
W 7 SN, —ERNAETEENESR (P>
0.05). 7 SFEMAI PDI A 0.119, HiFHNHEIA],
HYWATEBSRHE. S8 EREMRARE, #E
BRI &AL T T 2% 8% PVPK30. NAR Jit
FE M 200 mg/mL. 0.5 mm WFBEEK 8 g, B BRI i
200 r/min.
32 WEHKRBEHEKL

KA “3.17 TilsE F14ab T T 20146 NAR gk
REW, WIETEE, NPRAERRIS. HEH
JRIATREAR 2 Fh: (1) fEMEE TS RES, K+
{100 B o Sl R TR B2 A R T2 38R, 5 T 9Kk
FEI IR AERE. (2) SR KA, BE
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el ER =R (I R D/ S AR Ei - e =
AT EEBS [R] /0 21 3 h, BRARGNKRL TR IERE, 180/
HARMATRE . BRAHIE R NAR 49K i i
77 T2 9% 8% PVPK30 i1 0.3% PEG (H4T
FEZE) A 15 mL ZM/KFERK, 1A NAR 200
mg/mL, F7E 5 min FHEIY5), BIAEH 8 ¢
ZrO, W BEER (p=0.5 mm) K EEEEF, L 200 r/min
FE EEIEAT 3 ho MLEHT IR AT R i 0 7 B it S 2k,
BI7% NAR 4PKIERM . IR R — e i EkE
(10 mg/mbL), HEATWES T4 GHEIRE 120 C, H
QR 78 C, #EEHAE 6 mU/min, FEALIEFT 40
L/h), BifS NAR K ik
33 SFHITZRIEIE

KH “3.27 BIFTIR AL T T2, 4% 3 it NAR
YK A, FH T R ST LI s 450 2 Foki A 43
WA 407.2. 401.4. 393.5nm, “FHkifE N (400.7+
6.9) nm, #tlA“FKi{E RSD {H 4 1.72%, PDI A
0.23, WonHEIMERL, & T2R0E.
34 HERBEHGFIFMRMAR
341 RARKIEAAT IR SCHOGRL I 2 A
% NAR 4K SR BEATRL I 2, R A s
WMEHLIEA, SRwE 1/ 2, SN FFEE,
NAR - HH 5K AN FI DU AR 7 48 S AN BT R o
A, K50 1 NAR 9K AR (1R 4% 23 A1 7F 300~500
nm FIYERE P, Bk R
3.4.2 HHEMOIMSEE ST (FT-IR)  NAR &k
245 S oK AR I AL AN 6 B L 3. 45 R 7R, NAR
TR BE ) von W BIZE 3 207 em™, ve—o I HHIRZE
1737 em™, PRI v M veee 4359 HIBILAE 3 100~
3000 cm 1 1 650~1 430 cm *, 5 NAR 4K ik
B/‘] V.OH~ Vc=0~ VC-H *D Vc=Cc m%‘ﬁ%%j—‘*ﬁﬁl’ ﬁ\:’ﬁﬂ
FRAFUE I TE RO B AR AL, BEHH NAR gk
RJE, NAR HIfCEAEE A R AR B B AR
343 XM ARATH T (XRPD)  NAR J5ikl
25, YOKER . DIEIREGY) MR (8% PVPK30
A1 0.3% PEG4000, AHXFTEZj&E) B XRPD K
LB 4. NAR JEURFZ4 A0 H 0 BIR & 4 i & 7

FifE/nm

0.1 1
BifE/nm
1 NARERIZ (A) RAKEE (B) KEZHE
Fig. 1 Particle size distributions of bulk NAR (A) and NAR
nanocrystals (B)

2 NARJERIZS (X300,a) BRLKERIAE (X18000, b) 3
SRR
Fig.2 SEM images of NAR bulk (x 300, a) and nanocrystals

b | AM

4000 3000 2000 1000
viem*
3 NAR JERIZE (a) & NAR FKBRE (b) FT-IR Bl
Fig. 3 FT-IR curves of NAR bulk (a) and nanocrystals (b)

10.45°, 15.78°. 18.14°, 23.06°. 26.24°kbA 94 1]
25 BTSN, 9K AR XRPD BEELEA N A B
FRE T AR AT S0 . T B 25 28t gl KAk 5 AT
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#& 3 NAR [ERZ. YRR SR NRREE 4 MRS
HIAREE (n=3)
Table 3 Solubility of bulk NAR, physical mixtures, and
nanocrystals in different media (n = 3)
ST R (ug-mL T
SR —
kL2 VIR EY) K fr A
. pH12 36.76%£2.28  39.90t2.62 66.69+3.51
pH45 3256*+1.74  36.59t1.80 115.15+4.19
C
b pH6.8 8474+256  88.21+0.68 99.02+0.08
La X 34114036  34.71+£0.44 37.35+0.52
o 10 2 30 4 5 60 IRV pH 4.5 BEIR VAT, NAR 4K s A

201(°)
El 4 NARFEHZ (a). PKREE (b). EREEY o) K
Rl (d) B XRPD Elig
Fig. 4 XRPD patterns of NAR bulk (a), nanocrystals (b),
physical mixtures (c), and excipients (d)

EHH NAR F S RMSE, SAENE KA EARL .
3.4.4 ZERAMENSHT (DSC) NAR JFRIZG. 44
Kk PIEREY) KAk DSC KR WL 5. H
5 AfLLAEH, NAR JERIZG7E 258 CAL A 1
AN IR A% s NAR 449K 5 4 DL S A R IR S 0 (E
250 CHEAWA L ARBUGR I 2= A5elE
HH IR S PR o 25 SRR, NAR 4KAb )5 a2
BB KA
3.45 VEAEEIINE  NAR JFEZE . WHIR S &
YK EARLE pH 1.2 EhFRIAV . pH 4.5 TR Eh VAT
pH 6.8 PR ERIA W S K IV i P W3R 3. 4E pH 1.2
P

c
L
a

50 100 150 200 250 300
HEEIC
5 NARRRZ (a). HK@iF (b). YHEREY (o) &
R} (d) B DSC EiZ
Fig. 5 DSC curves of NAR bulk (a), nanocrystals (b),
physical mixtures (c), and excipients (d)

(2P R e 5 RRL 2 A L R 2w (P<<0.01),
Sy Pem 1.8 A1 3.5 f5; 7E pH 6.8 MR ERVE VAN /K
W, NAR 49K SR I 25 V03 A 155 SRR 2 L A
B IE (P<0.05). MPHENEAWIELL L 4 Fisf
RS RE S ER TR E ER (P>
0.05), SEIGHEIRIETR, PIKIXT NAR FHGEAEH -
3.4.6 HHENE NAR 9K REA YHEE SV X
NAR JFREF24 ()7 it 2 W1 6. 7F pH 1.2 ZRERVA W
pH 4.5 ERE Eh VAW . pH 6.8 IR ThVA TR M /K &5 4 Fil
WA T, UK SRR R, B
TR 2] KRR SR R A, 18 pH 1.2,
pH 4.5 A IR . 9K SR8 B
B Teon Ty (ZHMVE H 50%A11 63.20% 7 75 INFA) ) %5
JERE 24 R W R A WA L R 208/ (P<<0.01). it
BPRE NAR il B i R T DA 2907 H
4 g

AVRBER FH A BRI B -1 55T 1021 %6 NAR 44
Kimfo CLRAZAT PDI AfabR, 8 9KIE 2 i
SEEG . IEATIRIG DL G K VR BT 25T s et R
T NAR 9K EiRRKIA T T2, kT w5 TG
NAR K iR B R B . #1145 1 NAR 9K A
NABMBRIEES, kit s (400.7+£6.9) nm,
PDI v 0.23. RIGEIMLF, #l& LZfE, 57T
TokAER= . S5ERZGM L, NAR 99K 5 fAcki 2 81 &
BN, g SRR R AR AR, K
T VIR IREE (FF pH 1.2 EiFRIEWA pH 4.5
WEERER AW, P<<0.01; & pH 6.8 BEER LI AN
K, P<<0.05), oG T Z4iMiEHE, 4%
WS Tson Tg WP/ (P<0.01).

] N o 2 P o TR 2 3 - B TR 4% T
NAR K ik, #1758 NAR 99K SR 1 ki4e
(467+12) nm. AUF| A TS - 55 115k
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a-pH 1.2 EhRRVEW P tH 2R b-pH 4.5 BERRERVER A 2R c-pH 6.8 BERR IRt 2k d-Z8 /K it b 25
a-dissolution profiles of the samples in hydrochloric acid solution (pH 1.2) b-dissolution profiles of the samples in phosphate solution

(pH 4.5) c-dissolution profiles of the samples in phosphate solution (pH 6.8)  d-dissolution profiles of the samples in water

6 NAR ZKEEF. ¥EE A NAR [RRIZHTE 4 AR/ B a0E bk
Fig. 6 Dissolution profiles of NAR nanocrystals, physical mixtures, and bulk NAR in different media
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