36 6

Vol.36, No.6
2012 6 JOURNAL OF FISHERIES OF CHINA June, 2012
X E 4 =S:1000-0615(2012)06-0944-08 DOI:10.3724/SP.J.1231.2012.27837
== == W LY AR\ /A SR sl O iy = o
BNBRFTERBARNETHRRRAINFARLE
1,2 1* 1 1 1,3 1,3
9 M b M M
(1. , 430223;
2. s 315300;
3. , 430070)
pH7.4
, , 1 h ;
: pH2.0 > pH3.0 > pH4.0 > > pH7.4
,  (25£1) C 20
mg/kg , — ,
(Cmax) > (Tmax) (Tl/zﬂ) s - (A UC) s
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6 , 945
1.2 270 nm ) DC
DC ( =98%); DC ( =99.0%); 3, ,
DC-CS-NPs () CS-NPs ( ,
); ; ; ; ;
) (Yo)= x100
, , AEAART 0B Higuchi
Weibull DC
1.3 DC-CS-NPs 0(%)
UV2802PC ; ACQUITY UPLC t , r
TUV 1.5
Empower 2 ; HITACHI 20PR-520 R S : ACQUITY UPLC BEH
; Sigma 3k15 ; Met- C18(1.7 pm, 2.1x50 mm) ; tA
tler-TOLEDO AE-240 ; 0.01 mol/L ( 10% ) B
; Startorius PB-10 ; WIGGENS WH220 ( 4 1), . 45 ; : 0.300
; Alphai-4LD-plus ; mL/min; 15 uL;
AUCMA DW-86W 150 ; , 350 nm
1.4 DC DC-CS-NPs AT X 0 4 &
, DC 0.01 0.05 0.10
AT R 2R 60 A & 10 20 30 50 70  0.50 1.00 2.50 5.00 pg/mL ,
90 pg/mL  DC , 270 nm , DC 4, AU) (C,
4, 4 (C, pg/mL) pg/mL) ,
, DC , TAE W 2R 89 4] & 5 AR I R
HEARA 44 B %) pH DC
pH 20 3.0 4.0 , 800 mL 0.01 0.05 0.10 2.50 0.50 1.00
10 g, 1 000 mL 5.00 pg/mL , s
KH,P0,6.8 g, 500 mL , UPLC Y ,
0.4 NaOH pH  6.5; X ,
10 g, , s
1000 mL pH7.4PBS: KH,PO,1.36 ;
g, 0.1 mol/L NaOH 79 mL, s
200 mL
RSB 2 EREEENE L Sk ,
R 4 mL DC 3.1 mg 3 DC R
DC-CS-NPs 20 mg(DC 0.1 0.5 1.0 pg/mL,
DC ), DC
, 100 mL 25 : 3 DC
R 100 r/min, 5 ,
0.083 0.167 025 05 1 2 4 6 8 12 16
24 h 1 mL, , o 100
4 13 000
r/min 30 min, , ) 5 >
CS-NPs , (UV) 5,
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1.6 DC DC-CS-NPs DC-CS-NPs
L  24h  pH2.0 pH3.0 pH4.0
Kt 5 R A DC 91.11% 88.60% 85.36%,
DC-CS-NPs , 20 pH7.4 PBS 78.12%  72.91%,
mg/kg , DC
0.083 0.167 025 05 1 DC-CS-NPs
2 4 8 12 16 24 48 72 96 120 144 pH DC-CS-NPs
168 h R 1% 3 000 pH2.0
r/min 10 min, , 20 > pH3.0 > pH4.0 > >
> 5 5 pH7.4 PBS
b 5 b
o 3R gn 2 3 , ;  pH7.4 PBS
, 1.0 mL 10 mL ] ;
, 1.0 mL 5% , pH2.0 4.0 , pH , DC-CS-NPs
2 min, 10 000 r/min 10 , pH
min, 10 mL , 2.0, pH ,
0.22 HL s UPLC 120 -
% < .
HAEA 5 100}
3P97 =
g 80r N
= 8 —+-DCJsKI2Yy, pH 2.0
. ¥ 2 60 -+ DCli#2y, pH 3.0
Microsoft Excel 2003 i 2 - DCIERIZ , pH 4.0
"5 40 —~DC-CS-NPs, pH 2.0
2 g 20 —DC-CS-NPs, pH 3.0
° ~-DC-CS-NPs, pH 4.0
2.1 DC DC-CS-NPs . , e
0 5 10 15 20 25 30
, I El/h - time
T/E W £ D 1 L
R & c 1090 pg/m 1 DC E#/%5 & DC-CS-NPs KT #
(4) (C, png/mL) , DC EANTLBRBTIRIN A 2%
A=0.0281C-0.0132, =0.999 8 Fig. 1 The accumulation release curves of DC raw
IR R LA DC DC-CS-NPs material drug and DC-CS-NPs freeze-dried powder
- in vitro in artificial gastric juice
pH 7.4 PBS
I~ 3 I~ 3 DC 120
~ = ’ ——DCliikl 2y
pH 7.4 PBS ,1h %100 ——DC-CS-NPs
100%, . DC <2
4
pH , : =g
&
> > §
=
£
DC , DC-CS-NPs °©
5 pH74 0 L 1 1 1 1 |
0 5 10 15 20 25 30
PBS Al time
pH2.0 pH3.0 pH4.0 2 DC E#Z5 K DC-CS-NPs FH T3
2h 49.32% 45.29% 7E AL RA R RO SNFE AL th 2%
0 o ] Fig. 2 The accumulation release curves of DC raw
40.02% 35.13%, > material drug and DC-CS-NPs freeze-dried powder
pH7.4 PBS 2h 24%, in vitro in artificial intestinal juice
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——DCJE R 2
—4— DC-CS-NPs

FRBVBTEE Y%
cumulative release percent

20 25 30

0 1 1 1
0 5 10 15
Bf[a)/h time

B3 DC RE#Z K DC-CS-NPs K F#
7£ pH 7.4 PBS HO{RIMN R B 2%
Fig.3 The accumulation release curves of DC raw

material drug and DC-CS-NPs freeze-dried powder in
vitro in pH7.4 buffer phosphate

*1
Tab. 1

AT B Higuchi
Weibull DC
DC-CS-NPs ,
1 2 r S
DC pH 7.4 PBS
, DC 1h
DC-CS-NPs
, pH7.4 PBS

>

DC FE#Z5 % DC-CS-NPs 5 T#HEA LB RIIKIEHIUESER

The accumulation release simulation results of DC raw material drug and

DC-CS-NPs freeze-dried powder in vitro in artificial gastric juice

fitted model and related coefficient

pH 2.0
pH 2.0 artificial gastric juice

mathematical model

pH 3.0
pH 3.0 artificial gastric juice

pH 4.0
pH 4.0 artificial gastric juice

DC
zero order 0=0.9219t+0.1062, r=0.983 9
Ln(1-0)=—5.98231+0.6454,

first order 1=0.9366

higuchi Q=0.98407""-0.0628, r=0.981 5
. LnLn(1/(1-0))=1.1986
weibull In+1.2304, 7=0.9161
DC-CS-NPs

first order Ln(1-Q)=-0.11271-0.3884,

0=0.9213#+0.1049, r=0.9834
Ln(1-Q)= —5.23441+0.5251,
r=0.9421
0=0.98561"2-0.0649, r=0.9833
LnLn(1/(1-0))=1.1800
Lnr+1.1688, 7=0.9301

Ln(1-0)= —0.097¢0.2877,

0= 0.9327t+0.0802, 7=0.9893
Ln(1-Q)= —4.76241+0.4838,
r=0.9429
0-0.9839"2-0.0851, r=0.9754
LnLn (1/(1-Q))=1.2082 Ln¢+
1.0865, r=0.9349

Ln(1-Q)=-0.0871¢-0.2494,

=0.9133 7=0.9442 r=0.9425
higuchi Q=0.2075¢"*+0.1216, 0=0.1995"24+0.0883, 0=0.19531"2+0.0658,
r=0.9415 r=0.9617 =0.9680
weibull LnLn(1/(1-0))=0.6264Ln¢ LnLn(1/(1-0))=0.6318Lnz-1.0258,  LnLn(1/(1-Q))=0.6519Ln¢—1.1847,
—0.8125, r=0.9904 7=0.9925 =0.9916
1-0=0.2565¢ 1-0=0.6149¢ %"+ 1-0=03703¢™ 40,6113 %13
biphasickinetics +0.6815¢ 1% 1=0.9934 0.3704¢™"7 7=0.995 5 7=0.994 7

Fz 2 DC [ERZ5T0 DC-CS-NPs A THEALSK. pH7.4 PBS RKIMNEHISER
Tab.2 The accumulation release simulation results of DC raw material drug and
DC-CS-NPs freeze-dried powder in vitro in artificial gastric juice and pH7.4 buffer phosphate

fitted model and related coefficient

mathematical model pH 7.4 PBS
artificial intestinal juice pH 7.4 buffer phosphate
DC
zero order 0=0.93891+0.0637, r=0.992 9 0-0.8500£+0.0706, =0.989 9
Ln(1-Q)= —4.54431+0.4719, r=0.942 5 Ln(1-0)= —2.1964t+0.0995, r=0.984 3
first order
Higuchi 0=0.97931"-0.0973, 1=0.968 0 0-0.8975¢"7-0.0804, =0.977 0
Weibull LnLn(1/(1-0))=1.2139 Ln#+1.0178, =0.929 2 LnLn(1/(1-0))=0.9959 Ln#+0.5583, =0.964 4
DC-CS-NPs
first order Ln(1-Q)=-0.0691/-0.2101, =0.934 6 Ln(1-Q)=-0.0612¢#-0.1352 ,7=0.951 3
Higuchi 0=0.18051"2+0.0461, r=0.971 9 0=0.1725¢"24+0.0035, =0.984 1
Weibull LnLn(1/(1-0))=0.6432 Lnr—1.3804, LnLn (1/(1-0))=0.6829 Lnt—1.7089,
r=0.992 4 r=0.9971
o 1-0=0.4199¢ ™03 +(.541 773!, 1-0=0.7159¢ 171 +0.2539¢ 000!,
biphasickinetics 1=0.995 4 =0.998 |
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22 DC DC-CS-NPs 20 mg/kg :
6 ,
&t A DC 3 DC
4 5 , ,
DC, , ,
0.020- , C =2.1689 ¢ 127!
oolsh 1.2283 ¢ 019013 3972 o 087191 (Tnax)
3.039 1 h, (Cmax) 2423 9 pg/mL,
— 0.010F (T1s) 5.648 3 h, (T112p)
< 43413 1 h, — (AUC)  90.708 4
00051 pgh/mL DC-CS-NPs
0.000F JH T T R, ’ '
0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60 1.80 2.00 , DC-CS-NPs
I} [A]/min time , C=

4 DCHrERKBIEE
Fig. 4 Chromatography of DC standard solution

0.040

1.061
0.030

=) -
= 0.020

0.010

O-OOO 1 1 1 1 1 1 1 1 1 ]
0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60 1.80 2.00
f 8] /min time

B 5 Bis R MR EILE
Fig. 5 Chromatography of spiked plasma sample in
channel catfish
7o DC 0.01 0.05 0.10
0.50 1.00 2.50 5.00 pg/mL ,
, DC  0.01~5.00 pg/mL
(4, AU) (C, ng/mL) ,
A=15314 C+1343.9,r=0.999 8
o T AR o 2R o7 A2 SRR AR ) TR 44 ) R

e 0.01~5.0
pg/mL
e Y = 13779 X + 1284.9, r=
0.999 7 DC 3 pg/l
TP ,
3 DC

(91.45+2.75)%,

(4.82+0.97)%

DC J&#25 4= DC-CS-NPs 7% T4 & 5 & LE,
R R 4G 25 3 F DC DC-CS-NPs

(3.00£0.72)%,

6.1774 "0 1 11566 00101 73340 1671

Tpax  9.554 5 h, Cpax  2.178 6 pg/mL, T,

7.844 8 h, Ty 47.589 1 h, AUC  105.477 4

pg-h/mL DC s

DC-CS-NPs Tmax > Cinax
,AUC DC-CS-NPs

> Tipp

——DC J5iRIZ
—s—DC-CS-NPs

concentratio
—
W

ZYITE ML P AR/ (ug/mL)

0 50 100 150 200
i[El/h time

6 DC JREIZ5F1 DC-CS-NPs % TH B & X 2481
KPR —RT
Fig. 6 Concentration-time curve of DC raw material
drug and DC-CS-NPs freeze-dried powder in
the plasma of channel catfish

3
3.1 DC-CS-NPs

DC
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%3 20 mg/kg b-w % O3 DC E#1Z550 DC-CS-NPs 5 FM7EBE & X REM R RN N F 5K
Tab.3 Pharmacokinetic parameters for DC raw material drug and DC-CS-NPs freeze-dried powder in channel
catfish after a single oral administration at 20 mg/kg b-w

DC DC-CS-NPs
. parameters of DC raw parameters of DC-CS-NPs
parameters unit material drug freeze-dried powder

A4 png/mL 2.168 9 6.177 4

o 1/h 0.1227 0.088 4

B pug/mL 1.228 3 1.156 6

p 1/h 0.016 0 0.014 6
K, 1/h 0.8719 0.167 3
Lag time h 0.000 9 0.005 5
Vol F L/kg 6.5159 5.0376
T4 h 5.648 3 7.844 8
T2 h 434131 47.589 1
T /2ka h 0.7950 4.1439
K> 1/h 0.0579 0.0342
Ko 1/h 0.0338 0.037 6
K, 1/h 0.046 9 0.0311

AUC pg-h/mL 90.708 4 105.477 4
CL; (mL/h)/kg 0.2205 0.189 6
Tinax h 3.039 1 9.5545
Cnax pg/mL 24239 2.178 6

A, B sa,f s Ko
s Ko s Ko ;AUC — ; Lag time s Ky
5 Thka 3 Tias Tinp 3 Tinax 3 Cinax

Notes: 4, B are drug concentration-time curve on logarithmic graph curve on the horizontal axis and vertical axis intercept; a, § are first-order rate
constant for drug distribution phase and elimination phase; K, is first-order rate constant for drug distribution from peripheral compartment to cen-
tral compartment; K)o is first-order rate constant for drug elimination from central compartment; K, is first-order rate constant for drug distribution
from central compartment to peripheral compartment; 4UC is area under concentration-time curve; K, is first-order rate constant for drug absorption;
T1/2kq1s absorption half-life in central compartment; T4, T1/2pare the overall absorption half-life and Elimination half-life; Tinay is the time at high-
est peak of concentration; Cy,y is the biggest concentration of the drug in blood.

DC ,

[7]

DC

DC

DC-CS-NPs

CS-NPs

B

>

3.2 DC-CS-NPs

DC-CS-NPs DC
DC-CS-NPs

pH7.4 PBS

DC ,

[8],

pH , ,

DC ,

DC-CS-NPs
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, 1 20 mg/kg 24 h 1.25
pH7.4 PBS pg/mL ,
DC , R DC-CS-NPs
[10]
3.3 DC-CS-NPs
DC [1] ; ] )
[1 DC 2008, (125): 27-28.
2 M , 1988:
’ DC (2] M]
334-335.
24 ) 35 [3] [D]
d, ) , : , 2007.
, , [4] : 0- .
, , (7]
, 2006, 16(13): 1941-1943.
o ’ [5] M :
DC 2004: 116-127.
: " DC [6] : / 7]
, , 2003, 37(8): 40-42.
. [7] Jeong Y I, Cheon J B, Kim S H, ef al. Clonazepan re-
’ lease from core-shell type nanoparticles in vitro[J].
’ » DC Journal of Controlled Release, 1998, 51(2): 169-178.
T]/z/; 7.606 h, DC [8] s
225 h R s [J] , 2010, 13(3): 421-423.
DC-CS-NPs [9] Sharma D, Chelvi T P, Kaur J, et al. Novel taxol formu-
lation: polyvinylpyrrolidone nanoparticle-encapsulate
DC 5 Tmax > Cmax > T1/2ﬂ . .
taxol for drug delivery in cancer therapy[J]. Oncology
» AUC ; Research, 1996, 8(7): 281-286.
> > [10] i, :
) , ] ,
2009, 18(3): 321-326.
’ ’ [11] .
[N ,2008(21): 32-33.
DC-CS-NPs [12]
DC , [D] : ,2007.
DC-CS-NPs , [13] (M] : ’
2005: 17-46.
(13-14] ’ [14] Brigger I, Dubernet C, Couvreur P. Nanoparticles in
o cancer therapy and diagnosis[J]. Advanced Drug Deliv-
DC ery Reviews, 2002, 54(5): 631-651.
(MIC)  0.10 1.25 pg/mL!''®  DC [15]
D : ,2008.
20 mg/kg . 16h [Pl
[16] , , ,
1.25 pg/mL DC ]
DC-CS-NPs , R , 2009, 6(1): 42—44.
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Release characteristics of doxycycline chitosan nanoparticles freeze-dried
powder in vitro and in vivo

SHEN Dan—yil’z, Al Xiao—huil*, LIU Yong—taol, DING Yun-min', YU Shao-mei'?, SUO Wen-wen'?

(1. Yangtze River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Wuhan 430223, China;
2. Spreading Center of Technology in Aquatic Science of Cixi City in Zhejiang Province, Cixi 315300, China;
3.College of Fisheries, Huazhong Agricultural University, Wuhan 430070, China)

Abstract: This paper is to study the release characteristics of doxycycline (DC) raw material drug and
doxycycline chitosan nanoparticles (DC-CS-NPs) freeze-dried powder in vitro and in vivo by ultraviolet
spectrophotometry and ultra performance liquid chromatography, respectively. Results showed that the release
behaviors of DC raw material drug were simulated the most in the zero order dynamic equation in artificial
gastric juice, artificial intestinal juice and pH 7.4 buffer phosphate. The release of DC raw material drug was
fast which could completely dissolve in one hour; The DC-CS-NPs freeze-dried powder had a significant
slow-release characteristic. The release behaviors were simulated the most in the biexponential equation. The
drug released fast in the early stage while it released slowly later. The order of release speed of DC-CS-NPs
freeze-dried powder from fast to slow was pH 2.0 artificial gastric juice, pH 3.0 artificial gastric juice, pH 4.0
artificial gastric juice, artificial intestinal juice and pH 7.4 buffer phosphate. When DC raw material drug
became DC-CS-NPs freeze-dried powder, after a single oral administration at a dose of 20 mg/kg at (25+1)
the double-peak phenomenon of plasma in channel catfish was turned into single-peak, and the pharmacokinetic
parameters of DC-CS-NPs freeze-dried powder were changed. Compared to DC raw material drug, the peak
concentration (Cp.x) decreased. The peak time (7.x) and terminal elimination half-life (7,) prolonged. The
area under concentration-time curve (AUC) was larger. The DC-CS-NPs freeze-dried powder will become an
ideal DC new formulation.

Key words: Ictalurus punctatus; doxycycline; nanoparticles; freeze-dried powder; in vitro release; phar-
macokinetics
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