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Abstract: The cyclodextrin — modified florfenicol PLGA nanoparticles (FF -2 — HP — B — CD — PLGANPs) were
prepared, and their optimal formulations were selected and evaluated. FF —2 — HP — B — CD — PLGANPs were
prepared by emulsifying solvent evaporation. The optimal formulation was screened by orthogonal test with
emulsifier concentration, drug — to — lipid ratio, drug concentration and 2 — HP — 3 — CD concentration as factors,
and the encapsulation index was investigated. The optimal formulation was selected by orthogonal test, and its in
vitro release test was performed. In results, the optimum preparation process of FF -2 —HP — 3 — CD — PLGA NPs
were as follows: PVA concentration 2% , drug to PLGA dosage ratio 1: 15, drug concentration 2.0 mg + mL ™",
2 -HP -B -CD concentration 1. 5% . The average encapsulation was (82. 02 + 0. 82)%, and the
reproducibility of the formulation was good and the process was stable and feasible. In the in vitro drug release
assay, the release rate of FFF =2 — HP — 3 — CD — PLGA NPs was significantly slower and more stable than that of
FF (P < 0.05), and the release could continue and be stable until 72 hours at a later stage, with a cumulative

release of (82.08 £1.71)%. The results show that the prepared FF -2 — HP — B — CD — PLGA NPs have high

entrapment efficiency and sustained release behavior in vitro.

Key words: florfenicol; 2 — hydroxypropyl — 3 — cyclodextrin ;nanoparticles; in vitro release
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1.2 #kb FF B (99.50% , 111 2% IR 2451 47y
AR T FF X RS (58 99. 90 %, #t5.
K0301703 , H [ 8515 24 i W 48T ) 5 RFLIR - AL &
BRI W (PLGA, LA/GA = 50/50, i %} 5> T & .
1000020000 ; LA/GA =75/25 , Fi*F 434 . 10000/
20000, LI A48 BE 7 S AR 2 T ) 5 3R S B2 (PVA,
5[5 Sigma — Aldrich A H]) ;2 — HP - B - CD ( £
Sigma Aldrich 2\ 7)) ; # A EEIL (Sephadex G -50,
I R ERFEARAFA); & Hr4€, MWCO:
8000 ~ 14000 ()M i 5 = EWHARHIRAF) ; &
i B (O34 Dikma 2] 3 @& W 58 R (4
Brafi, B 245 82 Ak 2230 A R B 5 Z8 487K (77
J B IR B SRR FRA )

1.3 FF -2 -HP - -CD - PLGA NPs t #| %
R FLAL — TR R R BRI —
WY FF A PLGA , ¥ ff T 19 P A . — 580 e
(3:2) WTR G ¥ 0] Hh i) A BILAH, 43k A (RS
Uik 380 W) /ER ¥ LR 28 i n 20 & A
PVA Fl12 - HP - B - CD /KA, 4k S8 75—
INFIRIAS L, BERE 25 K BR A DL H, R IG &
0.22 wm L U8 B R, BDAH FF -2 - HP -
B - CD - PLGA NPs,

1.4 FF-2-HP-B-CD-PLGA NPs #| % L%
Wy R EE AR

1.4.1  SURCHDRE Gf it [ oAl ] &5 S O
AR SRR T PVA YR K PVA YR KR 5
BN 1% 2% 3% 4% ARPE1. 37 WUT il #8751,
5 FF -2 —HP - B — CD — PLGA NPs 3110,
1.4.2 ZHfgseimat [ HALH & SRR
A5 AR ZGRR LAY R 1:2,1:5,1:10,1: 20, A 4fg
“1.37 TRl 45, WE FF -2 - HP - B - CD -
PLGA NPs (L E 1 1E N,

1.4.3 R JE ik e HAH A SRR
A5 AR A Ty PR MR EEARIKCA 1.5 mg - mL7,
2.0mg-mL™",2.5 mg - mL™",3.0 mg - mL™' AR
Pae1.3” TN il 5 J vk, ME FF -2 - HP - B -
CD - PLGA NPs fu s R1H1E M,

1.4.4 2-HP-B-CDR&EME [HEHAME &
FRAFRAIFAAE BB AT 2 - HP - B - CD ¥R AR
WM 1% ,1.5% 2% ,2. 5% ,FR4E“1.37 i F Hl 4%
J7¥E,%E FF -2 — HP — B — CD - PLGA NPs f#}
RN,

1.5 ERBEITh At FEp RIS R
iz b AR BB PVA MR (A) , 2545 PLGA
AR (B) ,FF # ¥ (C),2 - HP - B - CD &k &
(D) PUASH R, [ A AU S KRR L 1:8 R
F Lo (3*) IEAR W R AT IE SRS, i — 25 e
FF -2 —HP - 8 - CD - PLGA NPs il &4t 77,

F1 EXRBWAKFEERRR
Tab 1 Orthogonal test level factors table

K A/PVA #JE (% )PVA B/FF:PLGAAmount of FF; C/FF ¥ (mg « mL~") D/2 -HP - B - CD ¥J¥ (%)
Levels concentration Amount of PLGA FF concentration 2 —HP - 3 — CD concentration
1 1 1.5 1.5 0.5
2 2 1:10 2.0 1
3 3 1:15 2.5 1.5

1.6 FF & 2%

1.6.1 &4 (@it DIKMA Diamonsil® C18
FE(4.6 mm x 250 mm,5 um) ;s ONE: K =
35:65(V/V) ;KP4 . 224 nm; i # . 1 mL/min;
FEIR .30 C 5 #FFEIAFH .20 pL,

1.6.2 ZFxFHE KEWETHDN FF X8R5
W E T 10 mL 2, B30 AR e i B B R

500 pg - mL~' A FF X HE AL A6 A T, A S L FF
XoF BE A A TR B, T S AR BTG TR BUA 10,30
50.80.,100 pg - mL ™ AUARIES IR, <1, 6. 17 T T
FRAFIEAT - HT I E (HEFELZ 0. 22 wm AL 8 2T
UE) o FCHIE o RHE FF X IRIAR, —~ RNE R
ME 6 Y, ESEME 3 d, 3144 H PUATH AP 2 5 R
RSD {8, 75 BUAS 190K B4 5 A s ok
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FF XJ RS, I8 i O 78 o0 PR FE ezl , v s A
A5 A AL IR B B I A UK
1.7 &HFWNEFE FEHEWRFF-2-HP -
B — CD — PLGA NPs BARV 0.5 mL, AT Seph-
adex G —50 #(1.3 cm x25 cm) , JHZEWKBERL, 72
ZHT 10 mL, R IE B 25 )78 73 20 mL,60 CKIBHE
1, B IR S AV A, € 2 2 10 mL, G AL U8 M
UEJEHL 20 L, HEREIE A BHH I R TG W o
73HL0.5 mL # 10 mL SR, IMAGE &7 N 7855
PREEWEFL ISR E 2, LU RS U8 5 B 20 L
HEREI 2 AR AR HEN T3 W 35 FF -2 -
HP - B - CD - PLGA NPs AyfIEf%

AER = (1 - Wy /W, ) x100%

s BN W RS 2GW

1.8 FF-2-HP-B-CD-PLGA NPs th ki 2 5
Zeta AW ZE 50 & HhsE FF -2 -HP - B -
CD - PLGA NPs AR E T DelsaTM Nano C #0'%t
RLJE 3 BT AN, W 2 KL AR, 2243 BIHE 25 ( polydispersity
index, PDI) Fll Zeta HLfV ,
1.9 ERANBEHAT AR RIMREOE AR SR
GEupER W (PBS, pH7. 4) Rl s B vk EA T
BARIr g F 4 & A FF 2 FF -2 - HP -
B - CD - PLGA NPs(#4 T FF 2 mg) BUFE S IA K
AR BE 43 F-HE 2 8000 ~ 14000 Y BT 4e ¥ 15
MrAS Wi 2% £, A & A PBS B 5 A9 4 T2 Ol
H A L 3R R IR 9% K A v 37 CEIR IR .
FETIUE (1 I 8] 6] B, W B 2 mL B LAY o 4 R
“1.6. 17 7k AT 20 B, IR BN 2 mL B PBS 22
M, e FF BRI, OF BT R SRRIE
ER—A =y, DL BB H 50 (% ) P AR
IFE] (h) S AR BRI

itk —2 B FF -2 - HP - B - CD - PLGA
NPs fi4 B 25 457, % FF =2 - HP - B - CD - PLGA
NPs 535K JHE 9 8 J1 2% 07 #t  —Rah 1127 I
Higuchi J7 72, Ritger — peppas J7 & Fll Weibull J7 2
TG . BRI

FRRN 1.0 =Kt

— R FE . In (1 - Q) = - Kt/

2.303 +InM

Higuchi J /. Q = Kt

Ritger — peppas 772 Q = K"

Weibull J5 #: Inln (1/(1 - Q/100)) =
mln¢ — Ing,

Hrp @ S R REICE 380, K R i R
B, HEEE, MO EE G YRS, m ERS
Bt WRSFSHL
1.10 BFELRIT 500 ARR2EDER 3K,
B DL XH £ FRifE 22 Fon A SPSS13. 0 4t
TR ST 3BT, 4 A] He AR FH R 36 22 4%
Bro P<0.05 Fm2m B A5 7E L,

2 HR5H

2.1 FLAIRE R 25K, Y PVA KB
1% S INE] 2% B, K0 A B R i 37, 23% %
FHE 2 61.07% (BARZE N PVA W % 4% B, 3L
PR TRER 36.48%  JF A T RESEAE— Y5 N
PVA VB 1Tt 82 T+ T FLARBOR | (KL 2R 4
B (H>Y PVA SR FEARSEIG K 2 W 45 5 4 1L
FKAH, Bl A0 B 5T U6 T FE. I AT #E PVA
WL 1.5% ~2.5% .,

2.2 gt SRR CUZGARHH 1:2 5
JNZE 1010 B, 9B AL B 3 i 29. 48% Z i Tt =
%59.75% (HAkEI 2R L = 1: 20 B, HAH
RNPEE 53.75% W] g &Y PLGA Wk % Wi 4 &
B, GAOKORL Y 7 F s T 388 o, o s o3 it v 5 LV
ik v 23 T BUR MR R B o e, OB AT 3R, 530
(= N A NS I AT e = 27 <O A e
1:10 ~1:20,

2.3 AR E R SSRERU MG W E R
1.0 mg » mL™ "3 1.5 mg - mL ™" B, 40 KB
R 43.39% TR 2 64. 47% , {H 244k LE 36 i
HYWIER 2.5 mg - mL7' A, HEEHETHR
35.25% . JELPA R BE S 2 24 W) ik B /NS ER TR
2y E I AR T2, BEE 25k T
Th, B 25 O e R, A B R b 2 A
Wk . SR R R A LAY
FhEEALIG K, TE K e LAY B, SR B R TR
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R BE 25 W FEVE I 1.0 = 2.0 mg » mL ™',
2.4 2-HP-B-CDREf#t L5RERY, HE
2-HP-B -CD ¥#&JEH 1.0% F+ & & 2. 5% i,
FF -2 —HP - B = CD - PLGA NPs ({0 3 5 % i
TR, X TREE N Y FF O — W EE AT,
2 -HP - B - CD WA FI T3 m FF B,
i T2 5 ) ACHR v 3 B, T ME LA Bl K P 1Y) PL-
GA fuff, I EFE 2 - HP - B — CD WK JETEHE K
1% ~1.5%

2.5 EXRBEITEER EXRAREIR(EK2)
W 208 Lo B R S d oy 3 LU PVA
VI T 245 0 R R T 385 ) A X /N 4 AT
B0 A, B R e AR B B R =N AT HES N B >
A>D>C,

HE— 2N 5 R fi N C LR S iR 25 21 i
M (£ 3) , KB B [HZE A K8 7715
FMEZER(P<0.05), HEEFMWHEE ;A D HE
AFEAE T EERE I, R B R R, 258 HOW A
BT 507 22 M R, AR o 2 i i b A, B,
C,D,, Bl J5 b PVA Wk 2% , 25%) 5 PLGA Hl &
Fe 1215, 2593 2.0 mg - mL.™' )2 ~HP - - CD

WEHR.5% , i LIREARAL il 4% 3 HLEEARFF -
2 —HP - B - CD - PLGA NPs, Jf- DAt £ 5 R iEmh 45
B B IR 77 IR AL R T AR 34
BN (82.02 + 0.82) % , i AL T i) E BR M A 4
HTZREnir,

®2 EXHBARREUSTE

Tab 2 Orthogonal test results and visual analysis table

s A B c b A/ %
Serial number Encapsulation/ %
1 1 1 1 1 32.23
2 1 2 2 2 60.56
3 1 3 3 3 58.75
4 2 1 2 3 51.67
5 2 2 3 1 64.75
6 2 3 1 2 75.05
7 3 1 3 2 41.56
8 3 2 1 3 67.06
9 3 3 2 1 63.02
K1 50.51 41.82 58.11 53.33
K2 63.82 64.12 58.42 59.06
K3 57.21 65.61 55.02 59.16

R13.31 23.79 3.40 5.83

R3 EXRERITHFESN

Tab 3 Analysis of variance of orthogonal test design

(SES i 27 J5 Hl A F i F Iifi AHH M
Factors Sum of squared deviations Degrees of freedom F ratio F Cut - off value Significant
A 265.738 2 12.536 19. 000
B 106 5. 444 2 50.262 19. 000 P <0.05
C 21.198 2 1.000 19.000
D 66.717 2 3.147 19. 000
R 21.20 2

2.6 FF&EMZEER PUEHF(A)XKRE(C,
peg - mL ) FEAT LR RN AR LR PR E [mE R
A=41.211 C+1.553, H: r=0.9999, MR I
BeHA FF 7E 10 pg - mL™' ~100 pg - mL ™" WEN 5
W AR M G R R, B R R fEAAE
FAETT, R AR = i BV R Y O TRy
99.96% ,RSD 4 0.52% (n =9), H NI % &

RSD =0.73% (n=6) , H A% B RSD =0.27%
(n=3)  FFEIE SR,

2.7 FF-2-HP-B -CD-PLGA NPs ti 112 5§ Zeta
BALWE S AR DelsaTM Nano C OGR4
HrAXLEII5E  FF =2 —HP — B — CD - PLGA NPs (k%
$9(185.90 + 2.80) nm (& 1A),PDI {9 0. 10 =
0.05,Zeta BAA( =5.92 + 1.80) mV (/& 1B), HH
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N TUE, nTRE SR TR IEPRPRE ERERNIEA G, SR 2 R FF B9 E2RBCRIE & T FF -2 -
HAMOESMNE 1A PR, R B HFDRIRA T HP - B — CD — PLGA NPs 20, %) 4 h B A] 52 2Rk,

A 00 Ifii FF =2 —HP - B — CD - PLGA NPs 41 4 /INBFP4Y
[ B&ii(37.85+1.36)% ,FF -2 — HP - B - CD - PL-
< . GA NPs [ B il 2 %< 0] {2 ¢ FF 12 H P53 (P <
s S 0.05). FMATRETERRCE 72 h, LR BRI
:; 5oé E%17‘?‘:[(82.08i1.71)0/oo U‘EEﬁZ—HP—B_CDE@
3 AT VE R AAR G L3722, BELAT T FF A P9 4% 17
& g 7 B B
A 25 3 SMHL, A B T2 218 B
100 1 FF
Diameter (nm) 30 -
B Frequency (Hz) 9
-150 -100  -50 0 50 100 150 60
=
o
= 40
S 15 Bk
% A 20
¥ ‘ 0+ . : : .
3 | 0 20 40 60 80
g s i)
2 FF-2-HP-B-CD-PLGA NPs {55 th 2%
0 Fig2 FF -2 -HP - -CD -PLGANPs In
~200.0 200.0

Vitro Release Profile
El1 FF-2-HP-p-CD-PLGA NPs 5Mji,

IR R EBAL (A AR, B AEBAL)
Fig1l FF -2 -HP -3 -CD - PLGANPs appearance,

RAMEEAUG I B R AN 4 s, AR A
K ZBCHIWT, FF —2 — HP — B — CD — PLGA NPs #1]
AR A7 A Ritger — peppas R, LA T A
2.8 RAEBATHMHE RSV AERERR  InQ =0.417Int +2. 794, R* =0. 9655, H i n =0. 32
h o b K (PBS, pH{H7. 4) dilad #prksbfr,  (<0.5)JBT Fick I ezl 25 WL o

particle size and potential (A is particle size, B is potential )

%4 FF-2-HP-B-CD-PLGA NPS MRS FRERBXEREH
Table 4 Fitting equation and correlation coefficient of in vitro release of FF -2 — HP — 3 - CD - PLGANPS

FEH Model T Equation R?
B 2T
?ﬂzjjjj%ji*l . Q=1.180t +27.368 0.801 5
Zero — order kinetic equation
g R
AANFIR In(1-Q/100) = -0.021 5t-0.377 4 0.9530

First — order kinetic equation

Higuchi yin s

=8. 12 . 0.919 7
Higuchi equation Q =8.87917 +14.594
. _ . (u}
Ritger = peppas J7 £ InQ =0. 17Int +2.794 0.965 5(n=0.32)
Ritger — peppas equation
Weibull 75 2
eibull 772 Inln(1/(1 - Q/100)) =0.555 9lnt — 1.703 9 0.717 4

Weibull equation




A B2 Ak 2022 4R 5 H S 56 56 S 1) Chinese Journal of Veterinary Drug +51-
3 itieE5%ie 3.4 ERANERER RIS LT FF -2 -

=

it

3.1 EEFIMETEN®E ARICRAHRSEMFL
b - W8 Kk, DL PLGA 1R M3 KA1 8L, PVA
FUALH, I i P z;x)E%jﬂ;%F"*E% A2 -
HP - B - CD X H A7 M, AL E R AR PR 4
ﬂé*&ﬂ%ﬂ%laﬁ@i%%‘é%,iﬁ I Y 7 H
TTHERRINE o L em R A A s, IR
PRELO R BUETE R B0 TR R A (a3
TR AR R R A 3 R R R
A T AR 2K (18 1 SROBRRE 1) 3 OV L, T 4 oK
g TS R SN S R = B TS A N e 8
EiLY/ e =

3.2 PLGA M Ext@#F W ¥ REH, A
HEHE T PLGA Mi2EX) FF -2 —HP - B - CD -
PLGA NPs 55200, 43 59136 FH LA/GA 1 50/
50 5 75725, 43 ¥ 8435 2 10000 5 20000 iy PL-
GA il &4 AL, 25 24 LA/GA HAEA I, 2 7
K, B R E" ) ST R RN (ST
H#:20000) , $#E5 LA W HL6, SRR BE L&, 2
MARFI T 259 B, S B EHREEAR, kA S
PEH LA/GA A 50/50, 43 F £k 20000 ) PLGA i

TR 2R 2 N AR i i,

3.3 2-HP-B-CD m A\ 77 i3 # R 1 &
FERT AR A LAl -, 548 T 2 - HP - B - CD A
AT B R, ik 1 SE & FE2 -
HP- B - CD &Y, B 534k FE & 1E K
MU 5k 262 —HP - B - CD HEMASH T
FEFV KA TRIR S, S5 R B 2 il & gk
Rt S m T RE IR & 2 - HP - B - CD 531
TR0 S PR, 32 TR &R 0 R ok A b
R G5 1 FF AR N R E A
J& YESR T FF TR 0y o HOHE  MELLE A G K PR 3
Ep kb i A B R AR, BEE 2 -HP - B -
CD R TG  FF -2 — HP — B — CD — PLGA NPs

(AL BT 2 T R 3, X AT REJE R O Y ik
ZHFF N—E R, 2 - HP - B - CD WAEAE R 3

T BYEAERT, R B ORI A S
[ 7K AR rh oA

HP - B — CD - PLGA NPs ¢ FF J5i 2545 B 8 () 28 1
YERT, BLRTRe vk B VAR . 7T BE =2 th T 40K kL
HMNZA 2 ~HP - B - CD BYL-Y, LA FF A B4
PN AL TE rh R Tt o, X5 SR b A A 45 2R AR
RS T DAY AR R 2 T L — 2 R K M
W2 —HP - B - CD, A LAk G 44 KA 1 0 B 8 o4
ﬁ? FEAR T 25 G PRI ] B S 2 T R S
SEE R 2 BRI, IR B S A IR TTRUR .
3.5 G AR E SR K VR RE PR RIRG 18 1
HRJE% PLGA KK, il o B R 290 | 1E 28 1l 3w
Ak 0 3 1 B A 4b 75 . PVA W 2%, 2591 5
PLGAFHE L 1: 15, 25 2.0 mg - mL™',2 -
HP - B - CD W 1.5% , %A 5 il £ B 4 Kok
- fudE 3 Hy (82,02 £0. 82) % , K AMEE 2 B Ay
GRATH
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