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ABSTRACT

5-fluorouracil-loaded N-succinyl-chitosan nanoparticles (5-FU-Suc-Chi/NP)
were prepared by an emulsification solvent diffusion. Biodistribution and
tumor targeting were evaluated after i.v. administration of 5-Fu-Suc-Chi/
NPsin Sarcoma 180-bearing mice. Also, pharmacokinetic profileswereevalu-
ated after intravenousinjection of 5-Fu-Suc-Chi/NPviathetail veinto rats.
Our experimental results showed the 5-FU-Suc-Chi/NPscould be sustained
at a high level in blood throughout a very long time, implying its long
systemic retention in blood circulation. 5-FU-Suc-Chi/NPswere distributed
mainly intumor, liver and asmall quantity of 5-FU-Suc-Chi-NPswasfound
in kidney and speen. 5-FU-Suc-Chi/NPs scarcely accumulated in the heart
and lung, lowered thetoxic effect of 5-FU to them. Pharmacokinetic analysis
in plasmashowed areaunder plasmaconcentration-time curve(AUC), elimi-
nation half-life(t,,,) and residencetime (MRT) wereincreased 2.5-fold, 10.98-
fold and 10.8-fold for 5-FU-Suc-Chi/NP compared with that of free 5-FU,
respectively. All the results indicates that longevity in blood circulation
and tumor targeting of 5-FU-Suc-Chi/NPs should be achieved.
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INTRODUCTION

Nanotechnology has advanced greatly in recent
yearsand isbecoming apromising approach for can-
cer treatment. Owingtotheir small Sze, prolonged cir-
culationtime, and sustained drug release profile, nano-
s zed polymeric nanoparti clesbearing anticancer drugs
haverece ved anincreasng amount of attentionfor their
ability toimprovetheefficacy of anticancer drugs*=!.

the prolonged circul ationtimeof polymeric nanoparticles

alowsthemto extravasate and accumul ateinto tumor
tissue, resulting in adisorganized and defective vascu-
lar architecture, whichisreferred to asthe enhanced
permeability and retention (EPR) effect intumor tis-
sue*sl. Therefore, tumor targeting of polymeric
nanoparticleshasbeen recognized asan effective strat-
egy for passivetumor targetingin the body.
Toreducethetoxicity and increase thetherapeutic
efficacy of anticancer drugs, Suc-Chi-NP have been
deve oped by aemul sification solvent diffuson method
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previously reported by ug®. Inthis study, thedistribu-
tion of theparticles ze, thezetapotentid, the drug load-
ing content and the drug loading efficiency of the pre-
pared nanoparticles, and their release profilewerein-
vestigated invitro. Also, theanti-tumor activity of 5SFU-
Suc-Chi-NPwere eva uated by measuring the change
inthe tumor volume. The 5FU-Suc-Chi-NP showed
good antitumour activitiesagainst Sarcoma 180 solid
tumour and mildtoxicity.

Followingour previouswork, further amistoeva u-
atetissuedigtribution (blood, liver, spleen, kidney, lung,
heart, and tumor) of 5-Fu-Suc-Chi/NP and their tumor
e ectivity by enhanced permesbility and retention (EPR)
effect in Sarcoma 180 -bearing mice. Also, pharmaco-
kinetic profileswereevaluated after i.v. administration
of 5-Fu-Suc-Chi/NPinrats.

EXPERIMENTAL

Materials N-Succinyl-chitosan sodium salt (Suc-
Chi; MW 3 x 10° degree of N-succinylation per
chitosan hexosamine unit 76%) was supplied by
Shenyang Pharmaceutical University (Shen-yang,
China). 5-FU was purchased from Jigi Pharmaceuti-
cal Factory (Shen-yang, China). All other chemicals
were obtained commercially as reagent-grade prod-
ucts.

AnimasMadeBdh/c micewe ghing gpoproximately
18-22g, and male Wistar rats weighing approximately
180-220g were provided by the Animal Experimen-
tal Center of Shenyang Pharmaceutical University. All
studieswere conducted in accordance with the Prin-
ciplesof Laboratory Animal Care (NIH publication
Nno0.92-93, revised in 1985), and were approved by
the Department of Laboratory Animal Research at
Shenyang Pharmaceutical University. The procedures
with animals were reviewed and approved by the
Anima Ethica Committeeat Shenyang Pharmaceuiti-
ca University.

Tumours Sarcoma 180 cells (solid malignant tu-
mors) were maintained by weekly transplantation of 1
x 107 cells suspended in Hanks’ balanced
solution(0.1ml) into the peritoneal cavity of each
mouse. Sarcoma 180 cells (1 x 10”) suspended in
0.1mL of Hanks’ balanced solution, which were ob-
tained from the above tumour-bearing mice, werein-
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oculated subcutaneously into each mouse at the axil -
lary region. Thetumourswere allowed to devel ope
for 7 days.

Preparation of 5-FU-Suc-Chi/NP 5-FU-Suc-Chi/
NPs were prepared by the previously reported
method®. Briefly blank nanoparticleswere obtained
upon the addition of 10ml the Suc-Chi agueous solu-
tion (2mg/ml) to 100ml of the Span-80 organic solu-
tion, which contains 20% ethanol (v/v) stirred at room
temperature. water wasthen evaporated from the col -
loidal suspension with a magnetic at 40°C by a
vacuum-pump. Nanoparticles suspension were
centrifugated after ultrasonictreatments. The precipi-
tate waswashed and dispersed in 10ml of H,O. Man-
nitol 0.1% (w/v) was added to the nanoparticle sus-
pension and it was lyophilized. 5-FU-loaded
nanoparticles were obtai ned according to the same
procedure.

Pharmacokinetic analysisA singledose of free 5-
FU or 5-FU-Suc-Chi/NP (30 mg/kg) was adminis-
tered torats. Blood sampleswere collected from rat
veinsat designated times after intravenous adminis-
tration. 5-FU was extracted from plasmaby mixing
rat plasmawith ethyl acetate and isopropyl a cohol
(85/15, viv). The sampleswerethen dried with N, at
37°C and the dehydrated samplesweredissolvedin
400ul of mobile phasedilutent for subsequent HPLC.
Pharmacokinetic(PK) parameterswere cal culated by
noncompartment anaysisbased on statistical moment
theory using microsoft excel software. Theareaunder
the plasmaconcentration-time curve up to the last time
(t) (AUC, ), areaunder curve extrapolated toinfinity
(AUC, ) and areaunder thefirst moment curve ex-
trapolated toinfinity (AUMC, ) werecalculated us-
ingthelinear trapezoida rule. Themeanresidencetime
(MRT) wascalculated assAUMC/AUC.

Biodistribution of 5-FU-Suc-Chi/NP in tumor-
bearing miceAt 7 days after subcutaneousinocula-
tion, A single dose of free 5-FU or 5-FU-Suc-Chi/
NP (30mg/kg) wereinjected into thetail vein of the
tumor-bearing mice. After adefinitetimeperiod, blood
sampleswereobtained using acapillary from theretro-
orbital plexus. Animalswere sacrificed and heart, kid-
ney, liver, lung, spleen, and tumor were collected. The
distributed amount of 5-FU in tissuesand blood was
estimated by HPL C. Each tissuetaken from Sarcoma
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180-bearing mice, waswashed with phosphate-buff-
ered saline (PBS, pH 7.4) and wiped with afilter pa-
per, then PBS was added by athree-fold volume of
theweight of thetissue, and the mixture was homog-
enized. After centrifugation of the homogenate, the
concentrations of 5-FU in tissues sampleswere de-
termined by HPL C. Consequently, the amount of 5-
FU in eachtissue was cal cul ated from the concentra-
tion and tissueweight. rel ative tumor tissue exposures
(Re)and theratios of peak concentrations(Ce) were
cd culated according to thefollowing formuld”8: 100%
x (AUC (AUC,, ), and 100% x
(Cmax 5-Fu-Suc-Chi/NP max/5-FU* . .
HPL C assay Concentrations of 5-FU in tissues
and plasmasampleswere determined by HPLC. The
HPL C system consisted of amodel LC-10AT pump
(Shimadzu, Kyoto, Japan), and amodel SPD-10A
UV detector (Shimadzu, Kyoto, Japan). Separations
were performed at 25°C using a 250mm x 4.6mm
column (Diamonsil C18, Dikma, USA).Themobile
phase was 0.01M KH,PO4, which wasfiltered and
delivered at aflow rate of 1.0mL min™. The column
was maintained at atemperature of 25°C. Theduent
was detected by UV detector at 266nm.
SatisticAnaysisTheresults, obtained by invivo
studies, were statistically ana yzed by using Student’s
t-test with a95% confidencelevel (p<0.05) and were
reported as mean + standard deviation (SD).

tumor) 5-Fu-Suc-Chi/ NP/

RESULTS& DISCUSSION

5-fluorouracil-loaded N-succinyl-chitosan
nanoparticleswere prepared, using amodified emul-
sion solvent diffusion method®. The resulting
nanoparticleshad amean diameter of 220-260nm, with
amean zetapotential of approximately -26mV. The
formulationwithaninitid 5-FU concentrationof 1000ug
ml-* provided the highest | oading capacity (19%) and
the highest extent of release (61% at 24 h)!®l,

AsshowninTABLE 1and Figurel, afteri.v. ad-
ministration of free 5-FU and 5-FU-Suc-Chi/NP sus-
pensionsinrats, areaunder plasmaconcentration-time
curve(AUC), dimination half-life(t,,) and residence
time (MRT) wereincreased 2.5-fold, 10.98-fold and
10.8-fold for 5-FU-Suc-Chi/NP compared with that
of free 5-FU, respectively. Thisindicatesthat when 5-
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TABLE 1: Pharmacokinetic par ameter sof 5-FU-Suc-Chi/
NPsand free5-FU injection in miceafter intravenousadmin-
istration (n=6) ** p<0.01; * p<0.05, compared tothecorre-
sponding parameter sof free5-FU.

5-FU-Suc-Chi- 5FU
Par ameters NPs injection
Tuz () 5.30:1.63 ** 0.45:0.12
AUC,. (ugh/mL)  136.41446.18 **  38.97+7.29
ﬁfg{'\l’l'%t) 1062.27+124.33  25.76+6.78
MRTs... (h) 7.79:1.69 ** 0.66£0.14
Ke(1/h) 0.13£0.02 1.5140.34
CL(mL /h) 43.98:9.62  353.96:38.49
v(mL) 274.90:40.15  234.53:24.51

FU is loaded into nanoparticles, the 5-FU has sus-
tained-release, prolonged half-life,and increased
bicavailahility.

Biodistributions of the prepared nanoparticlesin
various organs in Sarcoma 180-bearing mice were
evauated at distinct durations after i.v. administration
of 5-FU-Suc-Chi/NPsand 5-FU injection, asshown
inFigure2,3,4. At 1 hour, theamounts of 5-FU inthe
plasmadid not show significant difference between 5-
FU-Suc-Chi-NPsand 5-FU injectionin thetumor-bear-
ing mice. At 1day and 3 day, 5-FU injection couldn’t
befind in plasmaand tissues samples. However, 5-
FU-Suc-Chi/NPscould besustained at ahighlevel in
blood throughout avery longtime, implyingitslong sys-
temicretentionin blood circulation. The5-FU were
distributed mainly intumor, liver and asmal quantity of
5-FU was found in kidney and speen. The 5-FU
scarcely accumul ated inthe heart and lung, lowered the
toxic effect of 5-FU to them. Theresultsindicatesthat
longevity inblood circul ation and tumor targeting of 5-
FU-Suc-Chi/NPsshould beachieved. Therelativetu-
mor tissue exposures (Re) and the ratios of peak
concentrations(Ce) were 9.43+1.86 and 2.75+0.26 re-
spectively. Thisshowed that thetumor targeting. of 5-
FU-Suc-Chi/NPwasincreased compared with 5-FU
injection.

Itisnow generdly known that thestructureof solid
tumorsallowsan enhanced permeation and retention
(EPR) effect!®Y, asaresult of which nanoparticlesac-
cumulate at thetumor site.

Our experimenta resultsshowed that 5-FU could
becirculated inblood asahighlevel throughout the 3
days. The5-FU weredistributed mainly in kidney, tu-
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Figure 1: M ean plasma concentration of 5-FU after adminis-
tration of free5-FU and 5-FU-Suc-Chi/NPs. Datar epresent
mean+SD (n = 6).
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Figure 3: Biodigributionsof of 5-FU at 1day after i.v. admin-
istration of 5-FU-Suc-Chi/NPsand 5-FU injection. At 7days
after inoculation of Sar coma 180 cellsinto the subcutaneous
dorsaof mice, the5-FU-Suc-Chi/NPsand 5-FU injection were
injected into thetail vein of the tumor-bearing mice. Data
represent mean+S.D. (n=4).

mor and asmall quantity of 5-FU wasfoundinliver
and speen. Thisindicatesthat |longevity inblood circu-
lation of 5-FU-Suc-Chi/NP should be achieved, en-
abling apassveaccumul ation of 5-FU-Suc-Chi/NPinto
asolid tumor by EPR effect.

Ingenerd, thesize of nanoparticles, developed for
ste-gpecificddivery of drugsmust becontrolledtoavoid
uptake by thereticuloendothelial system (RES)!*2. the
optimal size should belessthan 100 nmin diameter. It
should also be pointed out that particles (240 nmin
diameter)could accumul ate passively in thetumor tis-
sue, meansthat it should escapethereticuloendothdia
cdl system (RES) in spiteof itslargeparticlesize. This
can be suggested that surface propertiesgenerated by
5-FU-Suc-Chi/NP and/or the size changein blood by
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Figure 2: Biodistributions of of 5-FU at 1 hour after i.v.
administration of 5-FU-Suc-Chi/NPsand 5-FU injection. At
7daysafter inoculation of Sarcoma 180 cellsinto the subcu-
taneousdor saof mice, the5-FU-Suc-Chi/NPsand 5-FU injec-
tion wer einjected intothetail vein of thetumor-bearing mice.
Datarepresent mean+S.D. (n=4).
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Figure4: Biodigributionsof of 5-FU at 3day after i.v.admin-
istration of 5-Fu-Suc-Chi/NPsand 5-FU injection. At 7days
after inoculation of Sar coma 180 cellsinto the subcutaneous
dor saof mice, the5-FU-Suc-Chi/NPsand 5-FU injection were
injected into thetail vein of the tumor-bearing mice. Data
represent mean+S.D. (n=4).

enzymatic degradation may partially beinvolved®,
Consequently, 5-FU-Suc-Chi/NPwereaccumulatedin
thetumor tissue dueto the EPR effect and itslong sys-
temicretentioninblood circulation.

CONCLUSIONS

In the present study, the biodistribution of the 5-
FU-Suc-Chi/NPin Sarcoma 180-bearing mice after
I.v. injectionwasinvestigated. Our experimentd results
showed that 5-FU-Suc-Chi/NP could becirculatedin
blood as a high level throughout the 4 days and the
accumul ation amount of 5-FU-Suc-Chi/NPintothetu-
mor sitewasincreased as blood circulation timein-
creased by the EPR effect. Thesefindingsindicatethat
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the nanoparti cul ate systemwith long circulation prop-
ertieson the basisof Suc-Chi could beused asacar-
rier of anti-tumor drugsfor tumor targeting.
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