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ABSTRACT:Due to overexpression of glycyrrhetinic acid (GA)

receptor in liver cancer cells, glycyrrhetinic aciceshoeGombinant . ™
human serum albumin (rHSA) nanoparticles for targeting Iiver;@gr
cells may result in increased therap&utacyg and decreased adverse” ; &

‘‘‘‘‘‘

glycyrrhetinic acid médd recombinant human serum albumin
nanoparticles (DOX/GA-THSA NPs) were prepared for targeting:+
therapy for liver cancer. GA was covalently coupled to recomifinaht
human serum albumin nanoparticles, which ¢ociehtly deliver “~
DOX into liver cancer cells. The resultant GA-rHSA NPs exhibited
uniform spherical shape and high stability in plasnaeslithegative chardge @5 mV) and a size about 170 nm. DOX was

loaded into GA-rHSA NPs with a maximal encapsulatiemey of 75.8%. Moreover, the targeted NPs (DOX/GA-rHSA

NPs) showed increased cytotoxic activity in liver tumor cells compared to the nontargeted NPs (DOX/rHSA NPs, DOX loaded
recombinant human serum albumin nanoparticles without GA conjugating). The targeted NPs exhibited higher cellular uptake ir
a GA receptor-positive liver cancer cell line than nontargeted NPs as measurgawbgybatietry and confocal laser

scanning microscopy. Biodistribution experiments showed that DOX/GA-rHSA NPs exhibited a much higher level of tumor
accumulation than nontargeted NPs at 1 h after injection in hepatoma-bearing Balb/c mice. Therefore, the DOX/GA-rHSA NPs
could be considered as arient nanoplatform for targeting drug delivery system for liver cancer.
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1. INTRODUCTION for chemical conjugation of cancer targeting ligands onto the
surface of NFS In the present study, rice endosperm was

Cancer has been considered as one of theswraddt as a host strain for the production of rHSA. Results from

devastating diseases, with more than 10 million new cases Y wural Vi ¢ that THSA
year and high mortality. Surgical intervention, radiation, an ural analysis suggest that qulirf possesses an

chemotherapeutic drugs are the main cancer treatmd tf"ntical conformation to plasma derived human albumin

strategies, which often also kill healthy cells and cause se(Rqu'A)_’ anq no g‘ere”FG from pdHA has been observed in
toxicity to the patient. It would therefore be desirable t eoantigenicify. ** Besides, rHSA shows more advantages

devel h th tics that canl it t _than pdHA such as avoiding the potential risk of contamination
Oﬁ\slec(éﬁé_c emotherapeutics that cart spécitarget cancer by blood-derived pathogens and abundant Sepply,

In recent years, new strategies for cancer treatment based di'€ MOSt attracting merit for nanoparticles as drug vehicle is
drug loaded nanoparticulate formulations have efergelfi€lr tumor-targeting capacity which can biéeduby both

Nanoparticles (NPs) represent promising drug carriers dued6tive targeting and passive targeting, thereby allowing
their ability of spéd transport of anticancer drugs to the anticancer drugs to be delivered !sigi to the cancer
tumor sit€ Besides, NPsfer various advantages such as higi¢€llS and minimizing harmful toxicity to noncancerous cells
drug loading "eciency with minor drug leakage and good.adjacgant to the target tissue. The passive tumor targeting ability
storage stability, and they may also circumvent cancer {Sfttributed to the enhanced permeability and retention (EPR)
multidrug resistanteAmong all the nanoplatforms, nano-
particles made of human serum albumin (H&)several Received: May 30, 2014
unique advantageSsuch as the ability to encapsulate poorlyRevised: November 6, 2014
soluble drugs, biodegradability, etc. Besides, the presencacoépted: January 13, 2015
functional groups on the surfaces of the HSA NPs is favorabielished: January 13, 2015
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ettect due to the fenestrated neovasculature and poor lymphatiethyl ester (mGA) as a white solid. mGA (3.0 mmol) and
drainage in many tumor sites. Especially, long circulatisgccinic anhydride (12.0 mmol) were dissolved in pyridine.
nanoparticles with poly(ethylene) glycol (PEG)!cetthns The mixture was$exed for 1415 h without accessing water,
on their surface are known to show passive tumguoured into water, and aboatl with hydrochloric acid to pH
targetind? *® Active targeting, also called ligand-mediate@" 4. The precipitate wHsered, washed with hot water, dried,
targeting, is often achieved by conjugdtimitydigands that  and putied in a silica gel column (eluted in an ethatio}l
can recognize and bind dpmly to receptors that are acetate solvent system, 11:3, v/v). Afterward, the second step
overexpressed by cancer t¥11$® was conducted through the reaction between mGA-suc and
To improve the targeting of HSA NPs, it is necessary ®EG. Brigy, mGA-suc (0.2 mmol) was dissolved in anhydrous
introduce functional ligands that can actively interact with tlBBCM. In order to activate carboxylic acid pertaining to mGA-
corresponding binding sites on tumor cell suifdcethis suc, DCC and DMAP were added into the solution and the
paper, glycyrrhetinic acid (GA), which is one of the maifeed molar ratio of DCC to DMAP to mGA-suc was set at
bioactive compounds extracted flmorice was used as 1.2:1.2:1. The solution was stirred at room temperature for 5
targeting ligand. Since it has beehrowd that abundant min, and then PEG (0.05 mmol) was added. The resulting
receptors for GA existed on the cellular membrane eblution was stirred at room temperature for 24 h under
hepatocytes, several recent researches have attempted to uiitizggen. Finally, the reaction solution!\esed, the Itrate
GA as targeting ligand for hepatocyte targetidighang et was poured into iced ether and kept frozen overnight, and the
al. found that the concentration of DOX in the liver reachegsidue waldtered and dried.
67.8! 4.9!9/g after intravenous administration of DOX- The structure of mGA, mGA-suc, and mGA-suc-PEG was
loaded and GA mddid alginate NPs, which were 2.8-fold anccorl rmed by'H NMR spectroscopy measurements (Varian
4.7-fold higher than non-GA-nhedi alginate NPs and free Mercury VX400 or Bruker Avance 400 apparatus). The
DOX, respectively. The uptake level of GA mbeti structure of mGA-suc was also!moed by HPLCMS
chitosan/poly(ethylene glycol) nanogarticles was|d.6-fo(LC-MS-2020, SHIMADZU, Japan).
higher than that of non-GA-medi NP<: 2.1.3. Preparation of Blank Nanoparticldsdesolvation
Herein, rHSA NPs conjugated with GA were prepared andchnique was applied for the preparation of rHSA nano-
characterized to evaluate their potential for liver targeting diperticles according to the literafdrerHSA (50 mg) was
delivery system. DOX, a model antitumor drug, was physicaliysolved in 2 mL of pled water. In order to form
incorporated into the NPs. Their physicochemical charact@anoparticles, 4.0 mL (99%, v/v) ethanol was added at a rate
istics such as size distribution, morphology, and surface chafge mL/min by a tubing pump (LSP02-1B, Baoding Longer
were investigatdd. vitrostudies on hepatoma carcinoma cellsPrecision Pump Co., Ltd.) under constant stirring at room
(HepG2 cells) including cellular uptake and cytotoxicity ass@ynperature. After the desolvation process, 8% glutaraldehyde
as well ais vivdiodistribution studies onsituumor-bearing  solution (50 L) was added to cross-link the desolvated rHSA
mice were carried out to evaluate their tumor targédittg € NPs. The cross-linking process was performed for 24 h under
constant stirring at room temperature. Thereafter, particles
2. MATERIALS AND METHODS were putied by centrifugation steps at a speed ofdft00
2.1. Nanoparticle Preparation. 2.1.1. Materiaz Re- 12 min twice and redispersed to original volume iregburi
combinant human serum albumin (rHSA, purity 99.99%) water. Afterward, redispersion of the particles was performed by
provided by College of Life Sciences at Wuhan Universigyvortexer and ultrasonicator. Lastly, the solution was freeze-
Glycyrrhetinic acid (GA, purity >98% by HPLC) was obtainedried to get white powder as blank nanoparticles (nanoparticles
from Winherb Medical Science Co., Ltd. (Shanghai, Chinayithout drug loading).
25% glutaraldehyde aqueous solution was obtained from Signial.4. Preparation of Doxorubicin Loaded Nanoparticles.
(Steinheim, Germany). 1-Ethyl-3-(3-(dimethylamino)propyl)s0 mg of HSA was dissolved in 1 mL of g@dirwater, and
carbodiimide hydrochloride (EBICI), 1,3-dicyclohexylcar- then 1 mL of a 0.5% (w/v) aqueous stock solution of DOX was
bodiimide (DCC), 4-dimethylaminopyridine (DMAP),Nind  added to the solution under magnetic stirring (500 rpm) for 10
hydroxysuccinimide (NHS) were obtained from GL Biochenmin at room temperature. Next, the DOX loaded nanoparticles
Ltd. (Shanghai, China). The heterobifunctional PEG derivativegre also prepared by a similar desolvation procedure as
hydroxyl PEG carboxyl (HO-PEG-COOH), with an averagéescribed earlier. 4 mL of ethanol (99%, v/v) was added
molecular weight of 5 kDa was purchased from Jenkentinuously (1 mL/min) with a tubing pump. After protein
Technology Co., Ltd. (Beijing, China). The model druglesolvation, the particles were cross-linked hy &08%
doxorubiciitHCl (DOX) and daunorubicin were supplied by glutaraldehyde solution. The cross-linking process was
HuaFeng United Technology Co., Ltd. (Beijing, China)performed for 24 h under constant stirring at room
HepG2 cells were supplied by Medical Virology Researsmperature. Then, the resulting nanoparticles wees puri
Institute, Wuhan University. All other agents used were by two cycles of centrifugation (11002 min) and
analytical grade. redispersion. Besides, the supernatants were collected and
2.1.2. Synthesis of Glycyrrhetinic Acid MatliPEG (GA- used to determine the unloaded doxorubicin by high
PEG)GA-PEG was prepared via a two-step reaction. Firperformance liquid chromatography (HPLC, LC-20D, SHI-
glycyrrhetinic acid methyl est€-Bemisuccinate (mGA-suc) MADZU, Japan). The content of the entrapped doxorubicin
was prepared according to the literdtu®a (10.0 mmol) into the NPs was calculated indirectly from teredice
was dissolved in methanol, grluenesulfonic acid (4 between the total quantity of DOX added to the loading
mmol) was added. The mixture wahuxed for 72 h, solution and the quantity of nonentrapped DOX remaining in
concentrated in vacuo, and extracted with dichloromethatie supernatant.
(DCM). The organic phase was washed with 5% sodium?2.1.5. Surface Mddiation of NanoparticlesBoth
bicarbonate and then concentrated to yield glycyrrhetinic acidloaded and drug-loaded HSA nanoparticles wetednodi
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Figure 1.Reaction scheme for the synthesis of GA-rHSA NPs.

with GA for tumor targeting as follows: GA-PEG!migas (DL) and encapsulatiof eiency (EE) were calculated by the
dissolved in pued water, and then EDC and NHS were following equation:
added into the solution to activate the carboxylic acid of GA-

PEG with the molar ratio of EDC:NHS:GA-PEG set at p| (o5, wiw)= amtof DOXinNPs 100%
1.2:1.2:1. The solution was stirred at room temperature for 2 h. amt of DOX in NPs  wt of NPs
Afterward, the rHSA nanoparticle suspension was added into

the solution. The pH of the resulting solution was adjusted to amt of DOX in NPs

8.0 and kept stirring at room temperature for 6 h. Lastly, the EE (%, w/iw)= “total amt of DOX - 100%

solution of the nanoparticles wad pdrby centrifugation and otalamt o

redispersed in water as described before. 2.4. Cytotoxicity. The cytotoxicities of DOX/GA-THSA

was recorded on spectroscopy measurements (Varian Mergggasuring the growth inhibition of HepG2 cells and HelLa cells
VX400 or Bruker Avance 400 apparaty§), ODCk, and  using the MTT assay. Tumor cells were seeded in 96-well
DMSO were used as the solvents. Morphological examinatifites at a density of 110 cells per well and cultured for 24
of nanoparticles was performed by transmission electranThe cells were then incubated with DOX/GA-THSA NPs,
microscopy (TEM, JEM-2100(HR), JEOL). The size of th®OX/rHSA NPs, and DOMCI at the DOX-equivalent dose
nanoparticles (diameter, nm) and surface charge (zaif0.0156, 0.0625, 0.25, 1, angldL for 48 h. The cells were
potential, mV) were determined by dynamic light scatteringashed twice with PBS, and then MTT solutiohL(2® mg/
(DLS) using a Malvern zetasizer (mastersizer 2000, Malvenh in PBS) was added and incubated for another 4 #Cat 37
Instruments Ltd., U.K.). The media were removed and DMSO (15@vas added, and

2.3. Drug Loading E ciency. The drug loading eiency then the mixture was shaken at room temperature to dissolve
and encapsulatioh @ency were determined by measuring théhe MTT formazan crystals. The optical density (OD) was
amount of DOX in the DOX/GA-rHSA NPs. For the measured at 492 nm in a microplate reader (KHB SF 360,
quanti cation of doxorubicin, the amount of DOX in the Shanghai KELONG Experimental System Co,. Ltd.), the
DOX/GA-rHSA NPs was measured using HPLC. A standagytotoxicity was calculated as follows:
curve for quanttation of the amount of DOX was also built by .
HPLC with the same condition. The drug loadirgeacy cytotoxicity= & B)/A  100%
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Figure 2.1H NMR spectrum of (A) GA; (B) mGA; (C) mGA-suc; and (D) GA-PEG.

whereA is the absorbance of the cells incubated with theespectively. Animals (three) were! sacriat 1 h and 8 h after
culture medium ar8lis the absorbance of the cells incubatedntravenous injection. Tissues such as the heart, liver, spleen,
with the drug-loaded particles or the free drug. All experimeiiiggs, and kidneys were removed, and DOX was extracted from
were performed in triplicate. the plasma or various organs and determined by HPLC. Tissues
2.5. Cellular Uptake Studies.The cellular uptake were homogenized with saline, and then 2896rd@cetic
experiments were performed udlog cytometry (FACS, acid and daunorubicin solution was added into this solution.
Altralll, Becton, Dickinson and Company, USA). HepG2 celfsamples were vortexed for 1 min and centrifuged at 12,000 rpm
and Hela cells were cultured in 6-well plates and grovi@r 5 min. Fluid supernatant was injected into the chromato-
overnight. Cells were treated with DOX/GA-rHSA NPgraph aftet Itration by 0.43 m micrd ltration membrane.
(targeted NPs) and DOX/rHSA NPs (nontargeted NPs) aiMobile phase composed of acetonitrile and water (v:v, 35:65)
the DOX-equivalent dose oft @mL for 4 h. A blocking Was adjusted to pH 3 with 0.01 M phosphoric acid. The HPLC
experiment with 1M free GA-PEG was also carried out forsystem was equipped wiguarescence detector and a Zorbax
DOX/GA-rHSA NPs. After incubation, cells were washed twi§B-C18 (150 mmi 4.6 mm, 5! m). The excitation and
with PBS, then trypsinized and harvested. FACS analysis @ission wavelengths were 470 and 580 nm, resgéctively.
performed to quantify the cellular binding, and a minimum of Standard curves were constructed by plotting ratio of
10,000 cells were analyzed from each sample. doxorubicin to internal standard daunorubicin peak areas as a
Intracellular distribution of the nanoparticles was studied Bynction of known concentration. Turescence intensity
confocal laser scanning microscopy (CLSM, Leica TCS SPom the representative sections of the organs was measured to
Germany). Tumor cells were seeded onto 22 mm round plaf@gantify the amount of DOX against a premeasured DOX
and grown overnight. Cells were treated with freeHDDX  calibration curve.
DOX/GA-rHSA NPs, or DOX/rHSA NPs at the DOX-
equivalent dose of 8/mL for 4 h, respectively. Afterward, the 3. RESULTS AND DISCUSSION

cells were washed twice with PBS lamdl with 1.5% 3.1. Synthesis and Characterization of DOX/GA-rHSA
formaldehyde. Plates were placed onto glass microscope sliges, The synthesis scheme of DOX/GA-rHSA NPs is
and the DOX uptake was analyzed. summarized bfig in Figure 1. In order to attach GA to
2.6. In Vivo Tissue Distribution. For the orthotopic  DOX-loaded rHSA nanoparticles, a heterobifunctional PEG
xenograft model, 4-week-old male Balb/c nu mice wetrrivative, HO-PEG-COOH, was used as a linker between GA
anesthetized using 1% sodium pentobarbital solution, and #el the DOX-loaded rHSA NPs. HO-PEG-COOH reacts with
left lobe of the liver was exposed through an upper midlibg@th the amino groups on the surface of the rHSA
laparotomy. H22 cells'{(5L¢) in 30! L of Dulbecco modéd nanoparticles and the carboxyl groups of the GA. The carboxyl
Eagle medium containing 50% Matrigel (BD biosciences) weg@up in the & position of GA may react with the amino
injected into the subcapsular spaces of the left lobe. Two wegksip on the surface of the DOX-loaded rHSA NPs. The huge
after H22 cell injection, the mice were randomly assigned dteric hindrance, however, was the main factor to hinder this
three groupsn(= 9) and free DOXICI, DOX/GA-rHSA NPs,  reaction. The methyl group next to the carboxyl group in the
or DOX/THSA NPs were injected into a caudal vein of Balb/€;, has great impact on the activity of the carboxyl group.
nu mice at a dose of 7 mg/kg bw (0.2 mL suspensionBesides, it has already been shown that regardless of whether

678 DOI: 10.1021/mp500394v
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the GA molecules were conjugated to the NPs at;¢he C In this study, the stability of the particles prepared from
carboxyl group or the ;@ydroxyl group, GA-mbdd rHSA in aqueous media was evaluated by comparing the visual
nanoparticles had a similar trend to target th&’fV@hus, appearance, average size, and zeta potential of DOX/GA-rHSA
in our study, a new carboxyl group introduced atsthe QNPs solution. The resultant GA-rHSA NPs exhibited uniform
position of GA was used to react with the hydroxy group spherical shape and high stability \wiéd negative charged
PEG. Furthermore, the introduction of PEG may exteind the (I" 25 mV) and a size about 170 nm. The morphology of the
vivocirculation time of the nanopartitfes. particles was further evaluated by TEM. Figure 5 shows that
The conjugation of GA-PEG wad omed by analysis '
NMR (Figure 2). First, as shown in Figure 2B, the peaks at
about 3.68 ppm (s,3H,0QHare ascribed to the protons of
the methyl group in the ester group-gf\@hich suggested the
formation of mGA. As compared with mGA, new peaks at 2.64
(m,2H,H) and 2.67 (m,2H N were observed in thd NMR
spectrum of mGA-suc. HPU@S shown in Figure 3 further
corl rmed that the molecular weight of mGA-suc was 584. The
peak at 3.6 ppm observed in Figure 2D was originated from the
methylene protons of oxyethylene units of PEG.

Figure 5. TEM micrograph of DOX/GA-rHSA NPs.
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Figure 3.HPLC' mass spectrum of mGA-suc. shape. As shown in Figure 6, the unloaded particles exhibited

A

3.2. Preparation and Characterization of rHSA NPs. SatHcaIGrRgiT {3 mess et}
The preparation procedures of NPs are illustrated in Figure 4. 2r -
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Figure 6.Size distribution of the GA-rHSA NPs (A) and DOX/GA-

rHSA nanoparticles were prepared by a desolvation technolag$A NPs (B).
This method was selected because nanoparticles could—be
formed with a uniform size distribution and the leasan average diameter of 173.1 nm whereas the drug loaded
aggregation by this technofSdif.Ethanol was used as the particles showed a slightly higher size of 188.4 nm. Thus, it is
desolvating agent to decrease the solubility of rHSA in waexpected that the rHSA NPs with a diameter less than 200 nm
gradually. Glutaraldehyde solution was added to cross-link ¢beld avoid physical clearancHtbgtion in the lungs and in
desolvated rHSA; meanwhile, DOX was loaded into the NRe spleen. The zeta potential of the GA-rHSA NPs and DOX/

In the next step, the terminal carboxylic acid groups of GBA-rHSA NPs was25.9 mV and 22.5 mV, respectively,
PEG-COOH were reacted with the amino groups on thsuggesting a strong electrostatic constancy in the particles.
surface of the rHSA NPs to form the GA-naddiNPs via the  Additionally, DOXCI which encapsulated into the NPs was
amide linkage. The coupling reaction was carried out betweeeasured by HPLC, the drug-loading content (DL) was about
the carboxylic group of GA-PEG-COOH and NHS in PBS &.3%, and the encapsulatibniency (EE) was 75.8%.
room temperature in the presence of EDC as the dehydration3.3. In Vitro Cytotoxicity Assay. The cytotoxicity of the
condensing agent. The product wasquliiy centrifugation. free DOX, DOX/GA-rHSA NPs (targeted NPs), and DOX/

Size (dnm)
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rHSA NPs (nontargeted NPs) was studied using the MTT€ells. Targeted NPs (DOX/GA-rHSA NPs) showed a higher
assay against twatatient cell lines (the liver cancer cells,binding to HepG2 cells than nontargeted NPs (DOX/rHSA
HepG2 cells, and the nonliver cancer cells, HelLa celdPs). The meaduorescence intensities (MFI) of HepG2 cells
respectively.). Cells were treated with free DOX, DOX/GAreated with the DOX/GA-rHSA NPs was higher than that
rHSA NPs, and DOX/rHSA NPs with equivalent doses dhcubated with the DOX/rHSA NPs. Besides, there was no
DOX, respectively. Figure 7 showsrnthétrocytotoxicity at  di#erence in théuorescence intensities between the DOX/
GA-rHSA and the DOX/rHSA NPs for HelLa cells (HeLa cells
as GA receptor-negative cells, Figure 8A). Thus, it could be
concluded that the GA targeted NPs had a highéy #o
HepG2 cells than the nontargeted NPs. It could also be
deduced that incorporation of doxorubicin did #est dhe
binding of NPs to HepG2 cells. Moreover, blocking ith 1

GA sigricantly reduced tHRiorescence intensity of DOX/
GA-rHSA NPs. This result directly!cors that the cellular
uptake of the nanoparticles can be enhanced by attaching GA
on their surface.

For CLSM, GA-receptor positive cancer cell cells (HepG 2
cells) were incubated with DOX/GA-rHSA NPs, DOX/rHSA
NPs, or free DOX, respectively. As shown in Figure 9, red
doxorubicirduorescence could be detected after 4 h incubation
of NPs with cells (Figure 9A).

Figure 7In vitrocytotoxicity for HepG 2 cells after a 48 h incubation.

diterent DOX concentrations against HepG2 cells. In general,
the cytotoxicities for free DOX, DOX/GA-rHSA NPs, and
DOX/rHSA NPs were all dose dependent. Notably, DOX/GA-
rHSA NPs had sidgieantly higher cytotoxicity to HepG2 cells
than DOX/rHSA NPs g < 0.05) at equivalent DOX
concentrations, daming that GA conjugating increased the
cytotoxicity of the nanoparticles. The NPs showed slightly
decreased cytostatic activity compared to the HODX
solution. However, free DOX does not have tumor-targeting
abilitiesn vivowhich can lead to severe siets. The 16,
value for the free DAXCI, DOX/GA-rHSA NPs, and DOX/
rHSA NPs were 70.0, 121.2, and 312.8 ng/mL, respectively.
However, there was nafafience in the cytostatic activity
between the DOX/GA-rHSA and the DOX/rHSA NPs for
HelLa cells (Figure S1 in the Supporting Information). The
results of the cytotoxicity assay demonstrated thati©IOX
could be released from the nanopartigestieely with
maintaining the bioactivity of the loaded DOX, which are
promising characteristics for pharmaceutica|s_ Figure 9.CLSM images of HepG 2 cells incubated with (A) free
3.4. Cellular Uptake and Intracellular Distribution. ~ DPOX, (B) DOX/THSA NPs, and (C) DOX/GA-THSA NPs a#37
Flow cytometry analysis was performed to compare endocyt&ig h- (DOX concentration: 1g/mL.)
of DOX/THSA NPs and DOX/GA-rHSA NPs in cells. As
shown in Figure 8, cells without any DOX treatment were used~urthermore, cells exposed to free DOX showed a higher
as a negative control and showed onlgumnascence of the  $uorescence intensity of DOX in the nucleus after 4 h, and the

Figure 8 Flow cytometry results of HelLa cells (A) and HepG 2 cells (B) that were incubated with DOX/rHSA NPs and DOX/GA-rHSA NPs for 2
h. (DOX concentration: 4/mL.)

680 DOI: 10.1021/mp500394v
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Figure 10Image ofn situH22 liver tumor-bearing mice and a tissue siitsitfiver tumor (A). Tissue distribution of DOX in Balb/c nu mice
attained at 1 h (B) and 8 h (C) after intravenous administration with DOX injection, DOX/GA-rHSA NPs, or DOX/rHSA NPs. Indicated values are
mean! SD (h = 3).

drugs mainly concentrated in the nucleus. The intense D@Xly (i.e., via the enhanced permeability and retetdaih e

accumulation in the nucleus for free DOX occurred because depicted in Figures 10B and 10C, the tumor uptake of

intracellular DOX molecules in the cytosol were rapidlpOX/rHSA NPs was sidigantly lower than that of DOX/

transported to the nucleus and avidly bound to th&A-rHSA NPs, which further toned GA speaity of

chromosomal DN&:*2 However, DOX from the loaded DOX/GA-rHSA NPsn vivo Thus, it could be concluded that

NPs was observed mainly in the cytoplasm and nucleus (Figooghin vitroandin vivostudy suggested the good liver tumor-

9B and Figure 9C). Moreover, comparing with Figure 9B atargeting 'ecacy of the DOX/GA-rHSA NPs.

Figure 9C, it could be observed that the intracellular uptake of

the DOX/GA-rHSA NPs is higher compared with the DOX/4. CONCLUSIONS

rHSA NPs and only few DOX were detected at the inner pagictive targeting nanoparticulate systems had been attempted to

of cell membranes (Figure 9B), which indicated that the G#chieve a high selectivity to a spergan and enhance the

targeted NPs could recognize and bind to target cells througkernalization of drug loaded NPs into target cells. In this

ligand receptor interactions, and bound carriers are internatudy, liver cancer targeting recombinant human serum albumin

ized before the drug is released inside thé Talken (rHSA) NPs loaded with the model antitumor drug

together, both thgow cytometry analysis and CLSM studydoxorubicin (DOX) and mdaid by glycyrrhetinic acid

corl rmed the nding that GA conjugation markedly increasedGA) was synthesized and characterized. The resultant NPs

the cellular uptake of DOX/GA-rHSA NPs in liver cancer celfssessed uniform particle size and desirable surface charge as

that overexpressed GA receptors on their surface and cowkll as high stability in physiological condition. Compared to

release the loaded drugs inside the cells through GA-recepiber non-GA-mobied DOX loaded NPs, GA mazti and

mediated endocytosis process. DOX loaded nanoparticulate drug targeting system showed an
3.5.1In Vivo Tissue Distribution. In order to evaluate the increased cytotoxic activity and a higher cellular uptake toward

performance of the GA targeiimgivo thein situhepatoma-  GA positive hepatoma carcinoma cells (HepG2 lcelisjo

bearing mouse model was built. Representative photographBiadistribution study towaid situtumor-bearing mice also

the excised H22 liver tumors are shown in Figure 10A. Thevealed that the DOX/GA-rHSA NPs exhibited a much higher

guantitative biodistribution of the free DOX, DOX/GA-rHSAlevel of tumor accumulation than DOX/rHSA NPs. All of the

NPs, or DOX/THSA NPs shown in Figures 10B and 10Qesults suggested that the GA-targeted rHSA NPs could serve as

indicated that the DOX/GA-rHSA NPs accumulated mostly ia rational liver-targeted drug delivery system for future

the liver and the accumulation in liver was much higher thanapplications in cancer therapy.

the other organs. Although thea of nonspea binding and

the uptake by the reticuloendothelial system may result in high ASSOCIATED CONTENT

levels of accumulation in the liver and kithefe *  Supporting Information

accumulation of a high DOX concentration in the liver wds vitro cytotoxicity against HelLa cells for free 'HOKX

the contribution of GA-mediated targeting due to thédOX/GA-rHSA NPs, or DOX/fHSA NPs. This material is

abundance of GA receptors on the membranes of hepatocyaailable free of charge via the Internet at http://pubs.acs.org.

Moreover, the accumulation of the DOX/GA-rHSA NPs in th

liver was nearly 3.4 times and 1.6 times those obtained with fige AUTHOR INFORMATION
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