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Pharmacokinetics, tissue distribution and magnetic resonance’s
response characterstics of folic acid-O-carboxymethyl chitosan
ultrasmall superparamagnetic iron oxide nanoparticles in mice and rats

GAO Wen-hui"?, LIU Shi-ting', FAN Cai-xia®, QI Lin-yan', CHEN Zhi-liang""

(1. Department of Pharmacy, Nanfang Hospital, Nanfang Medical University, Guangzhou 510515, China;
2. Department of Pharmacy, the Affiliated Cancer Hospital Guangzhou Medical College, Guangzhou 510095, China;
3. Department of Pharmacy, Yue Bei People's Hospital, Shaoguan 512026, China)

Abstract: Folic acid-O-carboxymethyl chitosan ultrasmall superparamagnetic iron oxide nanoparticles
(FA-OCMCS-USPIO-NPs) are a novel molecular targeting MR contrast agent. This paper reperts the
pharmacokinetics and magnetic resonance response characteristics of FA-OCMCS-USPIO-NPs in normal rats
and mice, and discussed its distributing regularity in animals, providing basis for tumor targeting imaging.
O-phenanthroline method was used to determine iron content in rats’ plasma and mice’s organs following high
and low doses of nanoparticles injected through tail vein, and the blood concentration-time curve was drawn, the
calculated #,, of two groups were greater than 7 h. The results of tissue distribution showed that only a small
part of nanoparticles were swallowed by the liver and spleen, while none in the heart, lung and kidney. At the
same times, the phagocytosis of nanoparticles did not change with the dose. The results of MRI showed that
renal excretion occurred 4 hours after injection, and signal to noise ratio (SNR) of liver and kidney returned to

normal levels 24 hours after injection. There were no nanoparticles in the lungs. So a part of nanoparticles
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escaped from phagocytosis of liver and spleen, and it owned lower toxicity and longer half-life. ~All of these

indicated its use for tumor-targeting imaging.

Key words: magnetite nanoparticle; pharmacokinetics; in vivo distribution; magnetic resonance imaging
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Figure 1 Spectrum of standard substance in biological sample

Table 1 Standard curves, linear ranges and correlation coeffi-
cient (r) of iron standard in samples (n = 5)

Linear range

Sample Standard curve /ug-mL" r
Standard solution C=4.9653 4 —0.024 1 0.1-3.2 0.999 9
Plasma C=4.96174+0.0020 0.1-3.2 0.999 9
Heart C=483124+0.0718 0.1-3.2 0.996 3
Liver C=6.39324-0.0940 0.1-3.2 0.990 7
Spleen C=596204+0.0252 0.1-3.2 0.992 1
Lung C=4.94204+0.004 4 0.1-3.2 0.998 5
Kidney C=542224+0.0059 0.1-3.2 0.997 7
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Figure 2 Mean concentration-time curve of iron in rats plasma
following high (13.27 mg-kg™") and low (5.90 mg-kg™") doses of
FA-OCMCS-USPIO-NPs and physiological saline injected through
tail vein (n =35, x=£s)

Table 2
plasma following high (13.27 mgkg ") and low (5.90 mgkg ")
doses of FA-OCMCS-USPIO-NPs injected through tail vein
(n=35, x+v)

Main pharmacokinetic parameters of iron in rats

Parameter High concentration Low concentration
AUC /mg-h-L”™ 224+ 18 152 +21
MRT /h 7.52 £ 0.06 7.29 £0.15
tin, /h 73+£1.7 72+1.3
v, /L-kgfl 0.054+0.013 0.032 £ 0.004
CL, /L'h kg™ 0.51+0.19 0.34+0.11

3 HLNH
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T FHE. R4, dextran-SPIO-NPs Gk & 41
76 2~8 h . MR T RGBT
150%, FHE KT 100%), 16 h TFHE A5 2D e gl Kok
(41 37%), HIRATER S f b 2 IR W 7K (20 5%); Hom
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16 h FEZRIEHR K, BAEE 4 h AR (50%),
8 h [ERIEH KT mkEAL T, SH A, s
WE AR 37%~130%F1 8%~ 60%, &% T A [H 7]
1) dextran-SPIO-NPs 41 (P<0.05), i #7543 (1) FA-
OCMCS-USPIO-NP b3 | JfF BRI AWz, P92 [a)
A LR 25 25 Ja Bk B AR A 2 (P>0.05).
4 B SLR NG R AE

KIS IE) 55 dextran-SPIO-NPs 41 fll FA-OCMCS-
USPIO-NPs 41K FUAF. Bl 4R 5 e b SNR
W 50 T4 25 RTAN R ANA T 45 5 {E 1) SNR AH 2%
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Figure 3 Retention of iron in mice’s organs versus time after one intravenous injection of low (9.53 mg-kg ') and high (19.06 mg-kg ")
concentrations of dextran-SPIO-NPs (A, B) and FA-OCMCS-USPIO-NPs (C, D) separately. A, C: Low concentrations; B, D: High
concentrations. The results were expressed in percentage of the mean iron content found in organs of non-injected rats (n =3, x *s)
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Figure 4 The particle size distributions of FA-OCMCS-SPIO-
NPs (A) and dextran-SPIO-NPs (B)
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Figure 5 Mean SNR of liver, lung and kidney versus time in rats before and after one intravenous injection of 28 pg'kg™ of
dextran-SPIO-NPs (A) and FA-OCMCS-USPIO-NPs (B) separately (n=3, x=*s)

Figure 6 MRI scan figure of rats before and after one intravenous
injection of 28 pg-kg™' of two contrasts separately. A, B and C
are figures of dextran-SPIO-NPs group before and after injection
at 8 and 24 h; D, E and F are FA-OCMCS-USPIO-NPs group’s at
the same times; 1, 2 and 3 in figure A are lung, liver and kidney,
respectively
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