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Preparation of florfenicol nanocrystals and investigation of its pharmaceutical properties
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Abstract Objective To prepare florfenicol nanocrystals (FF-NC) and evaluate its pharmaceutical properties
in vitro by increasing water solubility of florfenicol (FF). Methods The miniaturized medium grinding method
was adopted, with the vial as the grinding chamber, the zirconia beads as the grinding medium, and the magnetic
stirrer as the power device to construct the FF-NC, with the particle size and polydispersity index (PDI) as the index.
The optimized formulation and process parameters obtained from the test were further amplified and spray-dried
to cure FF-NC (FF-NC). The obtained nanocrystals were characterized by differential scanning calorimetry, X-ray
diffraction and Fourier transform infrared spectroscopy. The saturated solubility and cumulative release in vitro were
evaluated. Results The FF-NC prepared by the optimal formulation and process of orthogonal test had a particle
size of (189.6+3.44)nm and a PDI of (0.192+0.021). The particle size of FF-NC after redissolution was basically the
same as that before spray drying. X-ray diffraction pattern and differential scanning calorimetry results showed that
FF was amorphous after being prepared into nanocrystals. The results of in vitro dissolution showed that the prepared
FF-NC had significantly higher saturation solubility and cumulative dissolution in vitro than FF. Conclusion The
miniaturization media grinding method provides a simple and effective way for the screening of FF-NC, and provides a
basis for the preparation of bulk release. The rapid release and high efficiency of FF-NC obtained from the preparation
are worthy of further study.
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A JE % (flofenicol, FF, i HMN&E &R ) & X EH
46 R - FEME (Schering-Plough) A & T 70 AR K HF il
BTG5 FPUBE 24 1, 0 55 22 BH A 1 R 5 22 B M B
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I B R PR A W I, AR SRR R H e
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YAk AU R 25 R FEAE . A SCERIRGE ), K
FERR AL 3 5 = S 8% (POCL,)/ EHE / ZJF§ (CH,CN)
il KV TR R SRR JE B IR IR, I Bk AT 1/ R
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ol — e AR F B, F AT R AR I R
Je il
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(00 FOK BAAR 73 UM 2R, BB i B MV MR 25 1)
WBRREE, SRR BE, i o eV 14 24
W SRR ) 2% ) R AL 1 SRR AR U v 1, PR
ARSI 8 I B R A A U B VA 4 FE-NC - E47 /)N
RIS () JHOR A ) £, e LV ffe 2 R o B2, DA
WA RERE, R H
1 UBFEMH
L1 RE

DF-1018 R IRIN Pl S FE2s (7
AR TR A R A A ); KQ2200DE B %42 i /5 Yk i
veds (R AE AR AR AR ); PRACTUMI24-
1ICN H TR (fE[E Sartorius FF# A28 H R A A );
PHN Labstar 0.5CE 44KuP BEAL ()7 4 R85 BE 49K
BB A A R A &) ); Delsa™ Nano C Fi 4% 43 #T1X
( %[ Beckman Coulter A7) ); PKZ-1 HLVHIR IR
IKHE (LRGSR B & A R /A A ) Spectrum 100
i Bk 21 Ah Y6 % 4 (36 [E PerkinElmer {X #% A R 2
] ); Aglient 1200 = BOHUH (L% AL (Aglient 24 7] );
ESCALAB 250 X #f £k 0t L 1 BE 1 A (S E FEBR &
HIRBHHE AR AR ); SD-06AG Wi 55 T 15 AL (7
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FF Xf M & (& =: 99.90%, H#t 5
K0301703, AR 25 5 %2HT ) FF A (7 &
99.50%, 5 : 18103-6, L% [E L2\ A4 A PR
AF); AMEERT (EAAN 0.2mm, W FE 5 R PR
BHMRAF ), RNH A4 (HPMC E5, 280l
TR AR AR, ft5: 170808); +
Fr FEBR R EH (SDS, 8Ll 24 FH R BR A w1,
5. 170901); 4R K, ,, (Povidone ..., PVP
o TEEMATEAE, 5 25000240379); IH
VD 188(Poloxamer 188, Fe8, il EA R
AT, g F271527); R AR 4E K B (CMC-
Na, 2L 25 HE R IR AR AR, 5.
170901); K E GG (PC, LR B AEMRLH
BRAT, #5: 171013); K RNZAWEK, HEE. &
Gtk al, H AR e & Al
2 Rk
2.1 FFE&ENZE
211 BiEAH

%4 Dikma C  (250mmx4.6mm, 5um), i
M K =35:65(V/V), KillyK: 224nm,
FEld: 30°C, #FEE: 20uL.

212 SMXRRHHFR

R ARICT R 2 fE E (1) FF X sme, BT
lomL A=, FH 30 e 2%, 18 500ng/
mL FIFRHEI . 3 Al B EIR AR 0.1 0.3,
0.5+ 0.8 il 1.omL F smL % &I+, I shAH
WRERZIEE, 25, KW 20uL #4757 HPLC I
SE o LAUETHIAR (4) XK BE (C, pg/mL) #EAT 4 PRI
H, 15\ J7 B A=41.211C+1.553(R?=0.9999).
VLB FF 7F 10~100pg/mL ¥ 5 Y0 | P 5 06 [ AR 28
KARY. TEFHERRY: EROEFMET,
R FEE P 3 [ R R 99.96%, RSD 24 0.52%
(n=9), H W% E RSD=0.73%(n=6), H IAIX5%E
RSD=0.27%(n=3).

2.2 FF-NC ## %

2 2 3Lk [11] 2K FH B 8L Ak A Joi F B V5 i) 45
FF-NC. FREU 15mg ) FF JEH AE B 1 A2 75 8
T 1omL FEAIE A, N 3mL Z& 1K K 18g HAZ
9 0.2mm FEALEEER T, VO AR B T ) B R
g5 b, BRIV BRI TR AT AT, BRI
Bk, RIfF FF-NC.

23 FE-NCH &I L EHEFE
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AW E & T REY PVP L (A)
HPMC E5(B). CMC-Na(C). 3 [ 7if 1 7] F68(D)~
PC(E) LA J SDS(F) 1 e € 7l R i AT B —Fa i 771 1Y
ik, WREEBIN 01%. RIEYILIRIEL R, g1
HEAT LB 2, LARAR e 2 43 B AR 2L PDL Tt 4
b, #E—2B ik S A FE-NC R 2 4L A
232 HEBEHEHNEE

FZ “227 TR J7¥E, K 15mg FF JE 43 H 3
3mL Z& 1K H (& HPMC & SDS %% 0.1%), M
BEA R (ELARN 0.2mm) B BE, 5 SN [R] AT B8 3 %o
FE-NC 45 (I 52
2.3.3 R ET A B A

% “227 WUNJ5k, FREC 15mg FF R & 3mg
FasE 7 (LA L3k HPMC+SDS fE Nf& e 7 ) B T 5
Jv 1omL MIPEMIEH, NN 3mL Z&48 K, PET K&
T 0.2mm AL BEEE T, 7F 900r/min B4 38 T Hii PO B
25 BT BRI [A] 6 FE-NC 4 57 R 5
234 EXRBEMEMHFEELE

R 2% 0 % b 7 T2 2 AAFAE R B, 1E
RN REENER E, LA BEEFIKE (W7, %),
B: ## (r/min), C: BFEERT[E] (h)3 MREZREHATIERL
R wcit, RH L (3% IEX# (£ 2), LA Span {8 12
NEREFHEARPR, TRk & FF-NC Bk 77 .

Span=(D,-D,,))/D

b D,v D F1 D, 53 5 R s RLAR 4 A b
90%-~ 50% A1 10% AL ¥ Fr X B kL 4%, Span H B
INFTRRIAR AR A, Rk A
2.3.5 FF-NC #l &L L3k

PARLAE A PDI MdEds, M4 IR A8 56 A0 Ak 77 ik

Fz 1 BERMEE

Tab. 1 The screening of stabilizers

T REY) /R A B C

D A+D B+D C+D
E A+E B+E C+E
F A+F B+F C+F

Fz2 WEKFEE

Tab. 2 Factor and level of the experiments

KT A -

A% B/(r/min) C/h
1 HPMC 0.1%+SDS 0.1% 600 1
2 HPMC 0.5%+SDS 0.1% 900 8
3 HPMC 1.0%+SDS 0.1% 1200 16

H LA T ) T2 %A i 4% 3 4 FE-NC LA
WE L2 EIE.
2.3.6 FE-NC & 1k,

R A8 ol 3o A A pr 15 2 s b 77, R A
PHN Labstar 0.5CE 44KHP BEEHL, K Ab 7 & 55 LU A i
KIFRE 7 J FF J5oky (#0kE3E 100g) N5 2L /K
FOFEPE = o, TPk 30min VRS 5. B S KR
A JG BIDRE I ONBIE B i b, BF B — S N JR) 75 2] FF-
NC, K HIWE %5 15 15 2] FF-NC {8 R (3515
1k 61.5g, WERN 61.5%), HEATIRSMER 1552,
W% TR R R 195°C, KR 84°C,
PR E N 7.0mL/min, &N 0.5m*/min.

2.4 FF-NC RSN
241 EFFRFE RS (DSC)

%t FF 54} YR A W) FF-NC #HT DSC 247,
S AFRELZ) smg T &M, DLESNRPAR, H
SR 30~280°C, FHRIEE 10°C /min.

242 X HALTH 2T (XRD)

M BUE R FF 5ok . MERAY). FF-NC, X
M X S RATIAGHEAT 8T, 193] X FH R ATH B .
LT FEL R Y 40KV, 30mA, 20 MR TE [ 5~55°, it
APPE 0.02°, FHEHEZN 4°/min.

2.43 AR B h it AT (FTIR)

4y B BUE & FF R K. Y3 A Y. FF-NC,
KBr R 430 v, 03K 25 A5 il PR 20 A0 IR i 1
P KN 400~4000cms 3 FEFON 4em’!, BEMFE
mn I 3 K.

2.4.4 BRI E

SR FH 00 095 000 s A5 o P VA ARV i BBE 191, 4 il B
& & FF M. YEIRGY). FF-NC T 50mL H ZEHE
JERA, NN 20mL 7&K AT #E, 8 15min
5 BT (25+0.5) CH IR 7% K o, PR % 3 FE A 1001/
min. 48h JFELH, B EIERIE 0.22um 7K RUFLIERE,
PAZETR/K MR — g 58k, K HPLCVEME FF & &,
TR AR
245 HAMEEEER

2 (e NRILATE 5 25 80) 2015 bk — b
S 160 2B 9k (23 ) MK FF R . W3R &Y.
FE-NC [ % %, FRELCFF k. RS,
FF-NC i&& (#124F FF J5F 200mg), LAZEIHAKNEE
WA, ARBUN 900mL, #%3# Ny 100r/min, IR A
(37£0.5) ‘Co 23 F 5. 10, 20+ 30- 45 I 60min HY



. 1068 .

TR JE 75 YRG5 T A o S LGRS I 5 58 T TRk

Ff smL, [E]FRMFE AR FEARFR A BT, i FLAR 0.22um
KR ALUERE, HUEEIEH, K HPLC V&M E FF
R, UMEFF M, SfliEH i, KA
Al-F¥%) FE-NC AR SMNBEAT AREAT VT

ot R AN T 53 BRARK &S 5 T 25 5 5RH )
HVR-GIAE ¢« WOREI Ta) s RBURE RS s f, I BUE Y
FElE 0~100, 10 H. £ #OK, PR 2R RARBL P
n NEWREREL 8K, MEEE, £, =5, Bx
NP VR TBAT AR, 3 f, < 50, WUIRIR P 4
LRHIRE AT A HEAL .
2.5 WMFREETEN

43 X FF J5UKy « FF-NC 3% & B T 0 B,
SPRERL < smm (EZE, EEREN 40°C, FHXHE
FEN 75% TR, T 0 A1 30d 4 BUEURE, X HAK
il MERPE, SR, thim R, Hoaukae (his
55 PDI) T H %%, YEBITN g fr e e .
3 SER55H
31 BHEERERER

PR R LK 1. MK 1(A) T4, B
R —MiER (BfEmSTREY. B rHERmE
PEF AR TR RIS ) #A B A SRR gIK 2
i (RRLAR RIS NG oKoRL T AR v, i b5 B
TEHI % FF 9K 45 I, iR s —Fe A A 2 LR

1000 T A . kifF 1
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Bt 205 1 ST A R s A Ok 2 18] T B2 % 1) 25 A Bl
R RIEH . MEEmscms R, EHES
e 5E 7 4% FF 40k 45 5. B 1(B) B & ke E 7wk
gL R, LR RR E BUAR E R 40 HPMC. PVP,
CMC-Na 5 i B F e 7Y 1 85 7 4 3R 11 75 14 771 SDS Bk
A8 XS FE-NC fiA2 s/ MR iae A R & EH .
224 7% BN % F HPMC+SDS # % FF-NC. & 1(C)
KW, TEEENREEGE N, U #E M 600r/min T+
151 &2 900r/min B, Ai4E M 871nm B £ 308nm, W]
T NC [RLAR K /)N 52 6 3 1) S A 0K . T B 5 7 T
(kS 3 m, KA RO A BT O, TR AT e R e T
Ak LTt AT ) SR BN V) PN G 8 o,
RE, FERAEMM. FAh, Fd Pl A e
TR AR R, SEGRE BT, WA E
PEF= A AR, SR A dr. B (D) R, b
F 0 EE I E) 48 0, FE-NC k4% A0 PDI JE 4 52 8
NI, BT B I AR — s G, gk SR Nt
FE], FR-NC fRi42 S PDI ZEARAS /N o
32 ERRKBEMAIE

IEAIRIG A 25 SR W3R 3~40 FHIEAS SIS BaT
A, BN O RAR EA BCh R, FLUCON I BE (],
o e FU B g 0 RLAR s i fe /e 7 ZE e T SRR
B, BIHEENmAERREER L AL CHERR

60 [ B -
~a- PDI

408 o
a
400 =
£ 106 =
£ W&
Nl 104
& 200 | R
N

402

0 - : : - L : : : )

A+D A+E A+F B+D B+E B+F C+D C+E C+F
D
1400 a1
. kiR

1200 .
. 1000 - @
é 800 ﬁ
A - \
m 600 | =
400 R
200 f ®

t/h

1 R—RRER (A EERER (B). WHEESE (C) A A (D) XFRiAE K /N PDI ARZI
Fig. 1 Effects of single stabilizer (A), compound stabilizer (B), grinding speed (C), grinding time (D) on particle size and PDI
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3 IERRIEL, b=
x AT 4 300 w77 05
Tab. 3 Results of orthogonal test 250 | —o— PDI
104 =
SN 2
T — Span & 200 | | &
A B C D( % H £ 03
2150 | W&
1 1 1 1 1 5.21 ¢ | Lo &
5 100 &
2 1 2 2 2 2.80 =
50 | oa B
3 1 3 3 3 7.81 )
0 0
4 2 1 2 3 2.19
® @
5 2 2 3 1 3.43 2 BRAETTIRAE S R
6 b 3 1 2 6.77 Fig. 2 The result of optimal prescription verification
7 3 1 3 2 4.02 - 100
8 3 2 1 3 4.45 /
N S
9 3 3 2 1 6.19 E 75 B
¥ ‘2 5 &
¥iE 5.273 3.807 5.477 4.943 5 8
= |
BIE 2 4.130 3.560 3.727 4.530 3 50 2
HIfE 3 4.887 6.923 5.087 4817 g <
W7 1.143 3.363 1.750 0.413 = g
a 25 O
T4 HEMNE
Tab. 4 Analysis of variance
0 © 0
T7 ZERR WZEFI7A A B F A8 BE% 1.0 80 643 515.2 3800.0
Diameter/nm
A 2.029 2 7.543 3 5K FF-NC K25 Ai
B 21.086 2 78.387 Fig. 3 Size distribution of FF-NC after redissolution
C 5.064 2 18.825
D (R%E) 0.27 2

F: F5(2,2)=19.00, “*7 £ P <0.05

WA G e 35 R o AT 5 L ZH N ABC,,
Rl F& 5 ¥ 2 4 HPMC 0.5%+SDS 0.1%, %3 9001/
min, WFEERS ]2 8h.
33 FF-NCHl &I ZHIEER

Bl 2 g5 5%, EE S 3 #XM FF-NC T3
¥ife, PDI SRR IS FEAT 1945 REAR —3, *
BB AR AL A I B V) % FR-NC [ T 2R e vl 47,
3.4 FF-NC {K/NEHN
3.4.1 &Y FF-NC R#ZE AR

Kl 3 25 IR, Zmi%E T8 A4k 5 1 FF-NC,
TEZRK P EIR)G, FAREARAA, BB R
342 DSC # %

] 4 DSC 45 SRR B, FF J5A B ARFAIE W #4068 H 300
£ 153°C, FF-NC [f] DSC £k SN 2R, 29 R K
(1 FA0E 58 A K, KB FR-NC H 254 2 06 € Y
343 XRD %R

B 5 By 7, FF JE 8 75 f7 55 /A 20 5 8.09°,
16.22°, 21.01°v 24.42°, 26.87°. 31.82°. 41.25° Fll 43.49°
B AT 569 50 B B K, I AE 15~30° 7 B 5 4 S0 AT S

W B
,\V C
50 100 150 200 250 300
7/C
A: FFJ5F); B: ¥HIRAY); C: FF-NC

B4 ZAPHEASPER

Fig. 4 Results of differential scanning calorimetry analysis

Kk, RAFEREBHERAGREGRENRBES. 7
VBRGSO 5 JE R B R IE RS B R
B, FALE A IIRUE, Heolad 20 4 8.09°\ 16.22° fl
21.01° A es SRR, ZiWAER e AR &
A R A RHEAT S U, R ERIR A EA 2 5
Wi 25 R 45 TS 7E FF-NC ) XRD B FF i
FRAEATHS W O, RSB TR RG24 2
3.4.4 FTIR %

Bl 6 ZL Ak B R B4 K B, FF £E 3452cm™ 4k
N -OH K48 IR 5h 1%, 1683cm! &b -C=0 1] 1 4
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SRR JEHGIARLS ) & S LG AV BRI B 58 7 T ar s

N

10 20

30 40 50 60
20/

A: FF 58 B: ##EAY: C: FF-NC
Bl 5 X- HLATHEE
Fig. 5 X-Ray diffraction patterns of different samples

4OIOO 35'00 3(;00 25‘00 20IOO 15I00 ) IOIOO 5(30
WA (em)
A: FF J5F); B: #/EUEAY; C: FF-NC
Elo ihtikElss
Fig. 6 IR spectra of the samples

PRBNE, 1532em 4N -NH 725 #H R SI AT -CN F i
APRZN . 1276em! AbA -CN 25 Hh FR 5 F1 -NH 1)
ARSI, 500~800em™ Ay C-C1 45 IR 514 .
FF 942K 45§ 118k 5 PR & V) L0k B A
—5, I BB RRHER WS SR A AE, BEIILER]
R EOR e E B 5 I S A KA.
345 BREELEINE &

5 SI A AR, K FF il 4% BUG € 1Y
MRS fh 5, MORIE AR EL FF RO R T 2 5.
7E 48h PR VLM E] FF-NC L B EL R4 .
Wi B il BT 8 LGN K &5 okt FR A — E IS IEAEH
HKIE A i e
3.4.6 PRINEW 4

Kl 7 WA 45 R3], FF-NC 248 | FF
FEK IV HEEE, 7F Smin B FF-NC R4 EHE &9

w5 OWMREIREE R
Tab. 5 Results of solubility test (x+s, n=3)

KA MR RS /(mg/mL)
FF JFA} 1.15940.080
VIR A 1.255+0.017
FF-NC 2.31620.060
1201
100 = . . ™ .
n A
i i A A 1
= 807 '
,‘Ep\( P
=N
iﬁ‘lj 60
404
+
204 . e *
+ 4
.
0 T L] T

0 5 10 1l5 2I0 2‘5 3I0 3'5 4£O 4IS SIO 5:5 60 6IS
t/min
A: FF 5% B: #ELEAY; C: FF-NC

& 7 FF {RIMEH R 45 31

Fig. 7 Result of in vitro dissolution test (x£s, n=6)
[ HFE 43 51 N 96.89% Fl1 65.54%, 4 FFE-NC K9
HRE & O BN “2457 BIF A, b
HA3 ;=39 < 50, BLH] FF-NC 59 H IR & YRR
17K, T FF Ok vA R E 2218, £ 60min I 3
FUAH /3% < 30%, 1 FF-NC £ WEL ST P
85 RULHTRE FE i £ oK 45 di T DU 2 2 & FF I
TR,
3.5 FIBARE M AEE

VIR E R R WK 6~7. Zi R KIN FF-NC
(1) 8 0175 SLHR AR 3 R R A B3 A8, R BATE I 2% A
T FF-NC PR E -
4 1ig

B I A E I PRAE K 45 AR 8 AT 4. AR
SE AR E WL EZA LU 3 Fh: SRR E . F
e DL - SRR e . HoeR AR RS R AR
Bt — e m o T IRAY), I W B K s i i ] A4
Wi, AR T [A] ZEA R B2 8 1) % B) . i B AS E 2
R I B 1) 1) A LR FH D UKL 22 (8] ) 5 T
F 6 FF M) RaE M5 e e

Tab. 6 preliminary stability investigation results of FF raw
powder (n=3)

RN b s (gom) 1hiEE Mo TSI %
0 48.01£1.09  0.3048+0.0184  27.71+£3.69
30 51.34+1.08  0.3218+0.0031  28.77+2.73  0.0146+0.0021
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&7 FF-NC ¥I2 R e % 54
Tab.7 Preliminary stability investigation results of FF-NC(n=3)
fHAERT 1] /d NI e /(g/em’) ETE /% 1h ¥ H# /% FifE /nm PDI R I B /%
0 28.84+0.779 0.2783+0.0173 67.55+2.78 100+3.75 211.3+10.57 0.126+0.033
30 29.74+0.895 0.2815+0.0389 67.59+1.34 99.34+4.73 240.1+12.35 0.167+0.025 0.293+0.074

e -7 RYIEWIBIEE

£ FF-NC WAs € Rl v, B 2R R e 1) 5 i i e
JE S AR T BRI B OR, X = RN SR R E
TR 2 ) A7 LR BEL RS SE 7 B BB R 0 B B R4
fSEAF G OKRL - B R 28 R AH BT b s SR R K
T 04, 24 HPMC 5 SDS Bt I, Fa e R B i 4
N . HEM LS A, A2 HPMC A1 SDS fE/K
HEAEH, HPMC $#&H5E Siiz Ar si, SDS i H 3
R AR HRAL, 58 HPMC 78 94K b 12 T o I B
1 F BA#R 1 FE-NC [ffa e k.

A FAE AT R R A T RLAR S L (Span
18 ) eV FE 45, Span fHELE D« D, M D, 34
S, BUEBN RSB AR 5. AT B
SR RARAE TP e A5 B B A AR

TR A 5 AT I T FH T 1) 8 9N oK 45 I 22 R
JE 71 [FI Iy 2 L I i 78, ROKT5 4 1 B 9 I ],
[F I A BORA A = 52 it T 2R P8 . A5 R A
B A B v, AT BRI RS, IR A AR AL
% T K425 /MK FE-NC, KA PHN Labstar 0.5CE 44
KRB EEAL, R0 Hh s 0 AL 77 S5 Lo, AT
5% 55 - 45 [ 4k 75 2 FE-NC B 408 K, 25k #E
FEARAA, I HFEE R NG R,
FE-NC {J 82 1% 1 B 7E smin P B AT IE 90% LU L,
IWTRFE W —RAMELEME L 5 R
RAS, 2 MDAt Tl 22 5 2 11 AR T 3 K 019
Z5& FF-NC [ &htg aedk/, B R ZERREER D,
TXAH & FF-NC ¥ A B 386 0155 95 Atk P55 R iy Jist 18]
FE-NC [ 4k #h % B B 8 b T FF JE 8, FF JE A
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