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Pharmacokinetics, Tissue Distribution of O-Carboxymethyl Chitosans Ultrasmall Superparamagnetic
Iron Oxide Nanoparticles in Rats

FAN Caixia', CHEN Zhixi', GAO Wenhui’, LAI Shuizhao', ZHENG Jinkunl(l.Afﬁliated Yuebei People’s Hospital,
Shantou Umverszty, Medical College, Shaoguan 512026, China; 2.Affiliated Cancer Hospital of Guangzhou Medical College,
Guangzhou 510005, China)

ABSTRACT: OBJECTIVE To study pharmacokinetics features and tissue distribution of OCMCS-USPIO-NPs in SD rats in
vivo to provide evidence for their clinical use in future. METHODS SD rats were divided into three groups: blank group,
OCMCMS-USPIO-NPs group and dextran-SPIO-NPs group, then iron content in plasma and different tissue including heart,
liver, spleen, lung and kidney were determined by atomic absorption spectroscopy. The iron concentration-time in plasma and
tissues was drawn. The plasma concentration-time data of iron were analyzed by DAS 2.1.1 statistical software and the main
pharmacokinetics parameters was caculated. Statistics analysis combined with Prussian blue staining were used to demonstrate
OCMCS-USPIO-NPs and dextran-SPIO-NPs tissue distribution difference in rats. RESULTS There was significant difference
between OCMCS-USPIO-NPs group and dextran-SPIO-NPs group in the main pharmacokinetics parameters of iron, including
AUC, MRT, t, CL, V,(P<0.05), the t;, in OCMCS-USPIO-NPs group were longer than 7 h in high or low dose group.
Compared with dextran-SPIO-NPs group, not only statistical analysis but also Prussian blue staining results indicated the iron
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content in liver, spleen and lung in OCMCS-USPIO-NPs group were significant lower than dextran-SPIO-NPs. CONCLUSION
OCMCS-USPIO-NPs can escape the RES capture to gain longer-circulation time.
KEY WORDS: ultrasmall superparamagnetic iron oxide nanoparticles; atomic absorption spectroscopy; pharmacokinetics;

tissue distribution
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% #(n=6)
Tab 1 Standard curves, linear ranges and correlation
coefficient of iron standard in organ samples (#=6)
B b 2 éﬁﬁﬁlﬁ[/ KRR
pg-mL (r)
PR PE K P C=31.446 74+0.057 9 0.1~5.0 0.999 6
1% C=32.466 74-0.047 6 0.1~5.0 0.994 5
N C=30.567 24+0.078 2 0.1~5.0 0.998 6
lilE C=34.674 34-0.086 7 0.1~5.0 0.997 8
il (C=33.6594-0.038 9 0.1~5.0 0.996 5
Jiti C=32.56734-0.074 9 0.1~5.0 0.998 7
=1 C=33.014 34+0.021 6 0.1~5.0 0.995 7

x2 BEEEZRERMN=S)
Tab 2 Results of precision test (#=5)

I PR I TR 5 2
Frahtafl FRARES™ S+ g/ RsD/ x*s/  RSD/
ngmL! pgmL™ % pgmL™ %
TRV 0.1 0.104+0.003  2.65 0.103£0.004 3.32

1.4 142550059 411 1.432+£0.065 4.54
32 3.20240.092 287 3.212+0.106 3.30

sy 01 01310003 229 0.129£0.004  3.10
14 14240043 3.03 1.417+0.02 141

32 3.219+0.124  3.85 3.204+0.117 3.65

£ 0.1 0.094+0.006 546 0.095£0.005  5.26

14 1475£0.029 1.97 1.484£0.041 2.22

32 322540169 524 3.236+0.145  4.48

i 0.1 0.101£0.006 6.14 0.101£0.007 = 6.93

14 1.524£0.069 4.53 1.529:0.011 7.19

32 3.2950.130 3.96 33210.145 437

i 0.1 0.109+0.006 550 0.108£0.007  6.48

14 1.498£0.040 3.56 1.470+0.055 3.74

32 3276:0.120 3.66 3.267x0.124 3.8

Ji 0.1 0.107+0.002 238 0.107£0.005  4.67

1.4 14540010 2.64 1.452+£0.040 2.75

32 3.223+0.121 375 3220+0.124 3.85

5 0.1 0.10240.050 521 0.102£0.05  4.90

14 1.445:0.060 4.15 1.439:0.08  5.56

32 3.193%0.070 219  3.187+0.09  2.82
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i - fEKIE
-‘_J = NI
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Tab 3 Results of recovery tests(n=6)

BE %ﬁ&%"/ bl ?%%%%‘/ [l </ RSD/
pg'mL pg'mL % %
KR 0.1 0.104+0.002 104.4+2.12 2.04
1.4 1.421+0.036 101.4+2.57 2.53
3.2 3.209+0.150 100.3+4.68 4.67
EAE 27287 0.1 0.131+0.004 131.1+3.96 3.02
1.4 1.421£0.051 101.4+3.64 3.59
3.2 3.212+0.180 100.3+5.62 5.6
O 0.1 0.092+0.003 92.743.07 3.31
1.4 1.481+0.090 105.8+6.42 6.11
3.2 3.220+0.160 100.5+5.00 4.97
H 0.1 0.114+0.007 114.2+6.98 6.12
1.4 1.521+0.089 108.8+6.36 5.84
3.2 3.290+0.190 102.8+5.77 5.65
i 0.1 0.118+0.003 118.7+3.12 2.64
1.4 1.499+0.090 107.1+6.42 2.45
3.2 3.274+0.240 102.3+7.50 7.33

il 0.1 0.109+0.005 109.7+4.96 4.769
1.4 1.446+0.007 103.3+5.00 4.84
3.2 3.224+0.160 100.7+4.68 4.64
= 0.1 0.102+0.002 102.4+2.23 2.18
1.4 1.442+0.045 102.5+3.21 3.13
3.2 3.190+0.220 99.8+6.88 6.89

3.2 g R 2 KR B R E K T
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1 22794 55 I P 1) 28 s ) A7 00 AL TS 1o TS o i 2 A
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JERIAIRRL NG, 11 A SR Ak Uk B0 7 1) 1) 24 I ol 2%
K. 24 DAS2.1.1 BRAEALEE, 23 5lsR G iH iS40,
OCMCS-USPIO-NPs 45 dextran-SPIO-NPs 24
PIFEAS ¢ K05, 45 W3R 4.

80 B

60 - R
- fIGHE

1 REKATEEL KRS, KKK OCMCS -USPIO-NPs(A). dextran-SPIO-NPs(B)/& Il 15ty K B, fn 2 4k vk /& 24 it

t & (=6, Xts)

Fig 1 Concentration-time curve of iron in rats plasma following high or low dose of OCMCS-USPIO-NPs(A), dextran-SPIO-
NPs(B) or physiological saline injected through tail vein(n=6, x s )
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x4 RERIANLTE. KKREHE OCMCS-USPIO-NPs 5 dextran-SPIO-NPs J& MG A R ii kR EW EE 5% 5

=6, xts)

Tab 4 Main pharmacokinetic parameters of iron in rats’ plasma following high or low dose of OCMCS-USPIO-NPs or

dextran-SPIO-NPs injected through tail vein(n=6, x £s)

R OCMCS-USPIO-NPs 41 dextran-SPIO-NPs 41 t P

(e e AUC(g24y/mg-h- L™ 138+20 4245 7.782 0.007

AUC () /mg-h-L™" 17938 4416

MRT4_24/h 8.1+0.8 2.9+0.3 10.369 0.000

MRTg_/h 15.3£3.5 3.5+0.6

tin/h 10.8+2.5 2.34+0.07 6.895 0.020

CL,/Lh " kg™ 0.025+0.006 0.127+0.022 -12.125 0.000

V,/Lkg™ 0.448+0.017 0.38+0.04 2.731 0.052
Ek AUC(y_24/mg-h-L” 310+18 90+5 17.547 0.000

AUC(g—ymg-h-L™! 395+17 97+7

MRTg.24/h 7.940.3 2.50+0.25 25.854 0.000

MRT g/h 13.6£0.7 3.0+0.4

tin,/h 10.7+0.5 1.960.77 13.621 0.000

CL,/Lh " kg™ 0.035+0.001 0.059:£0.004 —6.557 0.002

V,/Lkg™ 0.53=0.05 0.18+0.04 7.997 0.001
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2 R#IkA T FEFE dextran-SPIO-NPs(A)fr OCMCS-USPIO-NPs(B) 5 &bt 6] & K Bl FF. . iAo oy 42

Bm=3, xts)
AT (5.90 mgkg™); B—riik/E(13.27 mgkg™")

Fig 2 Retention of iron in rats’hearts, livers, spleens lungs and kinneys versus time after one intravenous injection of different
dosage of dextran-SPIO-NPs (A) or OCMCS-USPIO- NPs(n=3, X %)

A-low concentration(5.90 mg-kg™"); B-high (13.27 mg-kg™") concentration
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W AR D S W A L R (i,
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NPs 8 A6 75 40 M =F & I BRI K RU b
Wa Lo, RAWMbaEmTae LiEgeam
W 055, AT fE T OCMCS- USPIO-NPs Fifg /),
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BIK, DR ARG, MGt
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B3 @4, dextran-SPIO-NPs 4l. OCMCS-USPIO-NPs %1 fo dextran-SP10-NPs £ X B #h . FF. . sy &4

W 5 B (200%, AFR G 5 um)

1~5-7F AL BF. B B 6~10—dextran-SPIO-NPs 41 [ i #%:  11~15-OCMCS-USPIO-NPs £ [¥) - 4%
Fig 3 Prussian blue staining of SD rats’ heart, liver, spleen, lung and kidney in control, dextran-SPIO-NPs, OCMCS-USPIO-NPs

and dextran-SP10-NPs groups

1-5-heart, liver, spleen, lung and kidney of control group; 6—10—the same organs of dextran-SPIO-NPs group; 11—15-the same organs of OCMCS-

USPIO-NPs group(200x, the scale bars are 5 pm)

TR 2524 2013 48 10 H 55 30 55 10 )

Chin JMAP, 2013 October, Vol.30 No.10 - 1093 .



4 iFig

B 1 AT, A R A B (4 1 At R gk
W PE)BE R AR AR T 50, 1 h SR Ak 1 BB
R, 2R N, 4h LUSTE S me LT AL
51, 24 h WK E VI AKT. 6 25 A 3k fil il 2 2k
R SE 25 IF i) st ) EL AT 4 35 1 22 7 (P<0.05), B
1S SIS B B AR AP AE W B« BRI A B &
B, FRTER BT DA RANRZE R K BRI
TR M 2y B SRR AE . SEEG 45 T 41, K
ISR I 2R IR P 1 h ARG, 1K) 82 1K I
2GR AN PUETHZ) T i % 18k,
TR T R IN R RO . A T I B AR
(AN, W i 2% gk B R A 1 B E T AR
HEERIK I K ROAEREA I 8] 5 52 560 B JR) 20 R i
JH ] I T) 2 %) Sz i 0 42k o 2 9k 2= % 1 B ot gk
WBE TR 7%, o DRI AS JE 3k 20 ke P I 50 K o g
. HEARK TG, )R —
SERES, WK1 TLLE |, RIREEAH 2 Fhghik
KR 25 I ith 2628 4k 5 AR B sh T, th253))
SERAE G g5 T A0 A0 T dextran-SPIO-NPs
(h,=2.2 h), TLILJE MR EIE R EL, OCMCS-
USPIO-NPs KILH KGR MIRFAE, -2 (110) 5
FHLK(P<0.05), Zyf L T AR (AUC) 2 2 11
H(P<0.05), A4 P v B IS (8] (MRT) i & Pk e, 31X
] fE & dextran-SPIO-NPs $i45>100 nm, #E RN
Ja GHEAE T MR, RN AUC /D,

Mk 4£<50 nm ) OCMCS-USPIO- NPs #5343 ¥k & T
I N s 1 7 R S A S N R G o'y
S PAEE, DRI G, F JBAE IR Y B2
RO G LA, w3 m AL,
SR IR, %4 R SRRl — 5P

REFERENCES

[11  GUPTA A K, GUPTA M. Synthesis and surface engineering
of iron oxide nanoparticles for biomedical applications [J].
Biomaterials, 2005, 26(6): 3995-4021.

[2] SUNC, LEE J S H, ZHANG M Q. Magnetic nanoparticles in
MR imaging and drug delivery [J]. Adv Drug Deliv Rev, 2008,
60(4): 1252-1265.

[3] CHATTERIJEE J, HAIK Y, CHEN C J. Size dependent
magnetic properties of iron oxide nanoparticles [J]. J] Magn
Magn Mater, 2003, 257(1): 113-118.

[4] COROT C, ROBERT P, IDEE J M, et al. Recent advances in
iron oxide nanocrystal technology for medical imaging J]. Adv
Drug Deliv Rev, 2006, 58(14): 1471-1504.

[5] MOGHIIMI S M, HUNTER A C, MURRAY J C. Long-
circulating and target-specific nanoparticles: theory to practice
[J]. Pharmacol Rev, 2001, 53(2): 283-318.

[6] PLASSAT V, MARTINA M.S, BARRATT G, et al. Sterically
stabilized superparamagnetic liposomes for MR imaging and
cancer therapy: Pharmacokinetics and biodistribution [J]. Int J
Pharm, 2007, 344(1/2): 118-127.

[77 FAN C X, GAO W H, CHEN Z L, et al. The synthesis and
characterization of O-carboxymethyl-chitosan ultra-small
superparamagnetic iron oxide nanoparticles [J]. Chin J Mod
Appl Pharm ("1 EHLAR F 24%), 2010, 27(9): 825-831.

[8] LIUJY, ZHANG Y, WANG K P. The relationship between
the pharmacokinetic parameters and dose of Angelica sinensis
polusaccharide-iron complex in rats [J]. Chin Hosp Pharm J(*
Bl B e 242 2% %), 2012, 303(3): 183-185.

Wokis H . 2012-12-14

SUBZEUNMREBRMER, BHERMXAR

FEY GaE !, BB 7O TIk, BN 310014 28008 SRR BIIE, BN 310004)

HE: B

MNFLFERGHRAATON, FRAFRABESF o FELEMEE BREOYa, FHiE

i R bR A

X S o ATk Ae S R ik, ik R A MR RN Bk, 2k h 100 rminT . R 3 HFLFE LML LA

SRR HE, REAGEGFUEREMRERELEA—E L7, it

A B E RGO IR T AP IRIE,

KR Fafd; A BRE; BEE; XHEHRTHE; itk

FESZES: R994.11 XHEkkRARS: B

XE4HRS: 1007-7693(2013)10-1094-04

Relationship of Roxithromycin Crystal Types, Dissolution Rates and Dissolution

WANG Jianl’z, ZENG Hongxial, CHEN Yuez*(].Zhejiang University of Technology, Hangzhou 310014, China;

E®WH: 2012 4 H 5255 PP MR 36 5 H
1EEEN: B, B, W, FEHN, e
FAT 25 Tel: (0571)86459427 E-mail: 13868057010@163.com

-1094 - Chin JMAP, 2013 October, Vol.30 No.10

Tel: (0571)86459458

E-mail: wangjianhw2000@aliyun.com BIEEE: MU, B,

rR R BN 2425 2013 4 10 A2 30 25 10 )





