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ABSTRACT KEYWORDS
A relatively novel strategy for drug delivery enhancement is application of Bovine serum abumin
polymeric nanoparticles in combination with relatively low-intensity nanoparticles;
ultrasound (US). Bovine serum albumin nanoparticles (BSA NPs) were 5-fluroruracil;
prepared using intermittent desolvation method and investigated in Ultrasound,;
combination with ultrasound irradiation asdrug delivery systemto improve Hepatocel lular carcinoma;
the therapeutic efficacy of 5-flurouracil (5-FU) against experimentally Mice.

induced hepatocellular carcinomain mice by 4-dimethylaminoazobenzene
(DAB) and phenobarhbital (PB). The prepared BSA NPsencapsulating 5-FU
were prepared with mean particle size of 70 nmand spherical in shape. The
in vitro drug release studies revealed an enhanced and controlled release
of 5-FU from BSA NPs under the effect of ultrasound. Respecting results,
mice bearing hepatocellular carcinoma (HCC) and injected with BSA NPs
encapsulating 5-FU and irradiated with ultrasoni c waves showed significant
decreased levels of hepatic malondialdehyde (MDA) and hepatic alanine
transaminase (H.ALT), serum aspartate transaminase (AST) and serum
alaninetransaminase (ALT). Histopathological examination showed increase
inapoptosis, appearance of more or lessnormal cellsand well defined liver
cords. Regarding immunohistochemical results, alpha-fetoprotein (AFP)
showed moderate positivity in hepatocytoplasm. Our results nominate BSA
NPs in combined with alocal ultrasonic irradiation of the tumor to be a
powerful new and non-invasive tool of drug targeting and treatment of
cancerous tumors. © 2014 Trade Sciencelnc. - INDIA

INTRODUCTION nectivetissue, and at later stagestumorsdevel op from
liver parenchymathat end up with neoplastic charac-

Itiswell known that feeding of carcinogenicazo terigticg?.
dye producesliver damagefollowed by regeneration 4- Dimethylaminoazobenzene (DAB), anazoamine
of parenchymd cdlls, proliferation of bileductsandcon-  dye, isawel knownliver carcinogenthat induces hepa
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tocel lular carcinoma (HCC) in micethrough multiple
assays. cytogeneticd, biochemicd, histological and elec-
tron microscopical techniques¥. Chronic feeding of
phenobarbita (PB) has been reported to havevarious
toxic effects and has al so been shown to promote de-
vel opment and growth of liver cancer in rodentswhen
administered subsequent to feeding of aninitiating car-
cinogenlike DAB!?3,

A glycoprotein, dpha-fetoprotein (AFP)4, istu-
mor-associated fetal (oncofetal) protein®. Increased
AFP geneexpression was considered to beamarker
for liver cancer!®. Thus, thistumor marker was consid-
ered fairly specific™ and anindicator of tumor activity
inliver cancer'®; approximately 80% of liver cancers
produceAFPat increased level§9.

Thecritica bottleneck of conventiona cancer che-
motherapeuti csincludes high toxicity of most antican-
cer drugs, dueto indiscriminate distribution of drugs
towards disease and healthy cellsfollowing systemic
adminigtration. Inaddition, anticancer drugs often suf-
fer from poor solubility in water and thus need to use
organic solventsor detergentsfor clinica applications,
resultinginundesirables deeffectssuch asvenousirri-
tation and respiratory distress'?. Therefore, designing
adistinct carrier systemthat encapsulatesalarge quan-
tity of drugsand specificaly targetstumor cdlsisindis-
pensablefor successful cancer therapy.

Bovineserum abumin (BSA) isanaturally-occur-
ring polymer(*Y, It has great potential asananocarrier
astheNPsgenerated by it are easily adaptableto the
human body!?, since they can be metabolized with
natural mechanisms into harmless endproducts*Y.
(BSA) NPscan escape from the vascul ature through
the leaky endothelial tissuethat surroundsthetumor
and can accumul ateinto tumorsviathe enhanced per-
mesbility and retention (EPR) effect!™. Prepared (BSA)
NPs contai ning chemotherapeutic drug can bypassthe
efflux action of drug-resi stant cancer cells, thusresult-
ingintheir enhanced cellular drug uptake, accumula-
tions, and therapeutic effectg™.

A relatively novel strategy for drug delivery en-
hancement isapplication of polymeric nanoparticlesin
combination with relatively low-intensity ultrasound
(US). Thismethod (referred to as“‘sonoporation”) can
induce cavitation of or near cellular membranesto en-
hancedelivery of drugs. Ingenerd, low-intensity US
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can induce beneficial and reversible cellular effects,
which are more likely to induce cellular death.
Sonoporationisanemerging and promising physica
method for drug delivery enhancement invitroandin
Vivolos],

The present work aimed to study the effect of 80
KHz pulsed ultrasonic wavesin enhancing theddivery
of 5-flurouracil encapsulatedinto (BSA) NPsby eva u-
ating thetumoricidd effect inhepatocd lular carcinoma
induced chemicaly inmiceby (DAB).

MATERIALSAND METHODS

Chemicalsand reagents

4- dimethylaminoazobenzene(DAB) (MWt 225.3
g/mol, Bio Basic Inc, Canada). Pheno barbital (PB)
(MW1 232.24 KDa), Bovineserum abumin (MWt 66
KDa), 5-Hurouracil (5-FU) (MWt 130.08g¢/mal), Glu-
taraldehyde (MW1 100.12 KDa), Trypsin (MWt 23.8
KDa), were provided by SigmaChemical Co. USA,
and al other chemicasand solventswere of reagent
grade. a-fetoprotein (AFP) antibody (Mwt 70 KDa)
from Lab Vison/NeoMarkers, USA). All other chemi-
calswereof anaytica grades.

Preparation of 5-FU loaded BSA NPs

(A) Intermittent desolvation method

5-Huorouracil-loaded BSA NPswere prepared by
modified desolvation method*? in which intermittent
addition of the desol vating agent was gpplied to control
and minimizetheparticleszeof BSA NP. Briefly, 0.2g
BSA powder wasaddedto4mg5-FU in2ml distilled
water, pH adjusted to 8.4 and incubated at room tem-
peraturefor 30 min. Ethanol wasadded intermittently
at therate of 1 ml per 5min, under magnetic stirring at
room temperature. Subsequently, 176 ul glutaraldehyde
solution (8%) was added to induce particle cross-link-
ing. The cross-linking process was performed under
dlirring of the suspension over night. Microparticleswere
precipitated by centrifugation at 14,000 rpmfor 4 min
and then discarded. 5- FU BSA NPswere separated
by two cyclesof centrifugation at 14,000 rpm for 30
min. Thepellet wasredispersed in 10mM NaCl at pH
9using ultrasonicationfor 5 min, refrigerated at -80°C
for oneday, then frozen by vacuum freeze-drying ma-
chine (Lyophilizer) (Modd/CRY ODOS-50, Spain) at
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230V, 50 Hz, at apressure of 26.5 Paand 5 % sac-
charose was used as cytoprotectant. Thelyophilized
particleswerethen characterized.

Characterization of BSA nanoparticles

|  Theparticlesizedistribution of the nanoparticles
was determined by laser light scattering on a
Beckman Coulter Particle SizeAnayzer (N5 sub-
micron particles zeanayzer, Japan) equipped with
aHe-Ne Laser beam at a fixed scattering angle of
11.1°.

II Thephyscd morphology and shapeof the prepared
nanoparticlesweredetermined by transmissoneec-
tron microscopeand scanning € ectron microscope
(JEOL-JSM-6360LA, Japan).

[l The percentage of DLE and EE of the entrapped
5-FU in BSA NPswas cd cul ated using the equa-
tions (1) and (2) respectively!617:

Amount of drug in nanoparticles
DLE (%) =( e el P ) x100 (g
weight of nanoparticles
. % Drug Content )
EE (%) = (— L) x100 (
¥ Theoretical Drug Content.

Theoretical drug content wasdetermined assuming
that the entiredrug present in the BSA solution used
getsentrapped in nanoparticlesand nolossoccurs.

Theactual drug content in the5-FU loaded BSA
nanoparti cleswasquantitatively determined by thefol -
lowing procedure:

First standard curvefrom known concentration of
5-FU was congtructed. Freeze-dried nanoparticleswere
weighted and resuspended in phosphate buffered sa-
line(PBS) at pH 7.4 using ultrasonication for 5 min.
For complete liberation of entrapped drug, 50 pl of
trypsin solution (1 mg/ml) was added and the resulted
solution was incubated at 37°C for 8 h. Later, total
drug concentration was determined using Nano UV/
V1S spectrophotometer at 266 nm.

(B) Sudyingtheeffect of ultrasonicwaveson drug
release

Ultrasonicapparatus

Ultrasonic therapy instrument (Ul trasonic Therapy
Model CSL,Shanghai, No.822 factory, China) were
used. Thisinstrument uses calcium zirconatetitanate
circular transducer which operatesat frequency of 0.8
MHz at pul sed mode with adjustabl e power of 0.5-3
W (pul se- repetition rate 1000 Hz, duty ratio 1:3 and
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averageintensity from 0.15to 1 W/cm). Transducers
were mounted on a brass holder cooled with water.
Theultrasonic emission beam diameter (BeD) wascal-
culated fromthe equation:

BeD = 0.2568 (D) * S, ©)
WhereD transducer diameter and S_normalized focal
length of thetransducer surface= 1 for flat surface. For
the 1-cm diameter flat surface transducer used inthe
present work, BeD ~0.26 cm.

Procedur e®

5 mgof 5-FU loaded BSA NPswere redispersed
in10mL of pH 7.4 PBSinaglassflask and sonicated
at frequency of 0.8 MHz with ultrasound intensity at 3
Watt/cm? for pulsed waves. 1.5 ml of drug-releasing
medium waswithdrawn at varioustimeintervals. The
sampleswere centrifuged at 18,000 rpmfor 15 min. A
quantity of 1 ml of the supernatant wastaken for deter-
mination of concentration using Nano UV/V IS spec-
trophotometer at 266 nm. 1 ml of fresh PBS buffer was
added to theremaining 0.5 ml sampleandthen 1.5ml
of the suspensionwas agitated vigoroudy by vortexing
and replaced in theflasks. The cumulative percentage
of 5-FU released from the nanoparticles at acertain
timepoint wasobtained using Eq. (3).

Cumulative5- FU released%=
100- (4- 5-FU remaining %) 4

The same procedureswererepeated inthe absence

of ultrasonication.

(C)Animal care

In vivo studies were done on atotal of 60 male
Swissabino mice6-8 weeks old, weighing 16-25 g,
purchased from animal houseat National Cancer Insti-
tute, Cairo University. Ten animal s each were housed
inplastic cagesawd |-ventilated room (25+2 °C) with
arelativehumidity of (43=+3 %) and maintained on a
standard diet at theanima House Unit a Medical Tech-
nology Center-University of Alexandria. Animaswere
handled according to therulesand regul ations of Medi-
cal research IngtituteAnimal Ethics Committee.

(D) Experimental design

60 male mice were fed on 0.06% DAB™ dis-
solvedinparaffinoil at adaily dose of 165 mg/kg body
welght per mousethrough aspecialy madefine pipette
and water wasreplaced with 0.05% aqueous solution
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of PB till appearance of liver tumor (two months)i?.

After confirmingHCC deveopment, animalswere
divided intothreemain groups

Group A: 20 mice were served as control group
andinjected intraperitonealy (i.p) with sdline.

Group B: 20 micewereinjectedi.pwith 5-FU as
freedrug with thedose of 5 mg/kg every two daysfor
15 days.

Group C: 20 micewereinjectedi.pwith40 mg/kg
body weight per mouse of 5-FU loaded BSA NPs
which equivaent to thedose of 5 mg/kg of free 5-FU
every two daysfor 15 days.

Each group weredivided into two subgroupseach
of 10 mice, where one subgroup wasexposed to ultra-
sonic wavesfor 15 minutes?! after 30 minutesof the
I.pinjection every two days, whilethe other onewas
not exposed to ultrasonic waves. After 15 days, ani-
malsweresacrificed. Blood and liver tissueswere col -
lected for biochemical analysis, histopathological, and
immunohistochemicd examinaions.

Biochemical analysis

| Livertissuewashomogenizedin 5%w/v cold PBS
solution at pH 7.4. The samplewas centrifugated
at 4000 rpmfor 15 min at 4°C and then the super-
natant wasremoved for assay. Tissue MDA con-
tent wasdetermined usi ng spectrophotometric meth-
ods (using Shimadzu, Double beam Spectropho-
tometer UV 1700, Japan) adopted for assay of
MDA. Briefly, thiobarbituricacid (TBA) reactswith
MDA inacidic medium at 95°C for 30 minutesto
form thiobarbituric acid reactive product the ab-
sorbance of theresultant pink product can bemea:
sured at 534 nm(?>23, The sampl e concentrations
of MDA wascal culated from thefollowing equa-
tion (5)

‘JL[S:unpte} 10
W

MDA tissue =

nmol/g tissue ©)

A gram(g.) tissue used

Il For theanaysisof hepaticALT, 0.1 ml of tissue
homogenate was madeto react with 0.5 ml of the
substrate solution (L-aanine) and incubated for 60
minat 37" C. Thiswasfollowed by addition of 0.5
ml of dinitrophenol hydrazine (DNPH) and then by
5.0 ml 0.4 N NaOH. The absorbance was mea-
sured at 510 nm.
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[l Serawere obtained from blood harvested by cen-
trifugation at 3500 rpmat 4 °C and stored in aliquots
at -80 °C until assayed. Serum alanine and aspar-
tateaminotransferases (ALT and AST, respectively)
were determined spectrophotometrically using
ready-for-use colorimetrickits.

Histopathological studies
H & E for histopathological studies

Part of theliver was preservedin neutral buffered
formalin and was processed for paraffin section.
Deparaffinization and hydration of sectionsin descend-
ing seriesof ethyl acohal till ditilled weter, then tained
with H&E, dehydrated, cleared with xylene and
mounted using Canadaba samfor histopathologicd in-
vestigations®.

I mmunohistochemical study of AFP

Peroxidase anti peroxidase (PAP) technique was
used®.

Imageanalysis

Imageanalysisisatool for extraction of quantita-
tiveinformation containedinanimage. Sideswereran-
domly analyzed and quantitated for the optical density
of thesignalsusing aPC computer’?. Thevideoimage
wasdigitized forimageanaysisat 255 grey levels, in
which thelight intengitiesare represented asnumbers
from 0to 25527, Imported datawere anal yzed quanti-
tatively by LeicaQ500 M C Software-Qwin,

Satistical analysis

Satitica andysiswasperformed usingthe PASW
18 software package. Non-parametric Kruska - Wallis
test wasused for comparison among multiplegroups. P
<0.05wasconsidered significant. WhileANOVA was
used for comparisons of AFPand p < 0.05 was con-
Sdered Sgnificant.

RESULTS

Characterization of BSA NPs

Particlesizeanalysis

The particlesizedistribution of 5-FU |oaded BSA
NPswas 60-80 nm with mean of 70 nm, baselineer-
ror at 0.01% at diffraction angleof 11.10and polydis-
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Figurel: Particlesizedistribution curveof 5-FU loaded BSA NPs

persity index (P1) of 0.784 (Figure 1):
Electr on micr oscope examination

Morphology of prepared particleswas studied us-
ing scanning microscope examination (SEM) that indi-
catestheformation of completely spherica particlewith
smooth surfaceand low level of agglomeration (Figure
2, 3). Transmission microscopeexamination (TEM) re-
ved ed the preparation of blank BSA NPsinthe shape
of completely spherical NPswith no agglomeration (Fig-
ured).

Drugloading efficiency (DL E) and encapsulation
efficacy (EE)

Amount of entrapped 5-FU in BSA NPswas de-
termined by encapsul ation efficiency (EE) whichwas
62.5% and drug loading efficacy (DLE) which was
19.23%.

Invitroreleaseprofile

i

Figure2: SEM of prepared partié:l&s(M ag. x10.000, 20kV)

, - 0030y
Figure3: SEM showing particlesizerange (M ag. x50.000,
20 kV)

vanE Wyql | Sdii @
LE1addl podsoes il L Y

Figure4: TEM showing5-FU loaded BSA NPs(M ag. x7.500,
80 kV)
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Figure5: Invitrocumulativereeasecurveof 5-FU from BSA NPswith and without ultrasound irradiation

Theinvitro drug rel ease of 5-FU under the effect
of ultrasound (US) irradiation reached 50% inthefirst
24 hrs compared with 33.3% in the absence of ultra-
sound irradiation. After 48 hrstheeffect reached 76%
compared with 53.8%, and then after 72 hrsthe effect
reached 87.5% compared with 67.4%. The compari-
son showed ahigher rel ease percentage with the use of
ultrasound irradiation (Figure5). A maximum rel ease of
5-FU under the effect of ultrasoundirradiation reached
97% after 96 hrs, while maximum rel ease of 88.9%
reached after 144 hrsfrom NPsintheabsenceof ultra-
sound irradiation.

Biochemical parameters
Hepatic MDA level

AsshowninFigure6, for subgroupsthat did not
exposed to ultrasound irradiation, micetrested with free
5-FU (group B) showed no significant decreasewhen
compared to micebearing theliver nodulesin groupA
(p1=0.217), whiletreating mice with 5-FU loaded
BSA NPs(group C) caused ahighly significant decrease

120

100

i I I L
0

Group A

o
5]

(nmol/g. tissue)
)

B'Without US

B
<

o With US

Mean values of hepatic MDA

Group B Group €

Groups

Figure6: Bar graphillustrated the mean valuesof hepatic
M DA (nmol/g. tissue) in different treated groups
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in MDA level when compared to group A (pl1 =
0.001*). A significant decreasein MDA level wasob-
tained when comparing group C withgroup B (p1 =<
0.001*). On the other hand, exposing miceto ultra-
sound irradiation caused asignificant decreasein MDA
level when comparing both groupsB and Cto groupA
being significantly decreased in group C (p2=0.010*,
0.001*), (p2=<0.001*) respectively. Withinthesame
group, ultrasound irradiation triggered asignificant de-
clinein MDA level in groups B and C (p = 0.049*,
0.009*; respectively).

HepaticALT activity

Micetreated with free 5-FU (group B) showed a
significant decrease when compared to mice bearing
theliver nodulesingroupA (p1=0.035*), whiletresat-
ing micewith 5-FU loaded BSA NPs(group C) caused
ahighly significant decreasein HALT activity whencom-
pared to groupA (p1 = 0.003*). A non-significant de-
creaseinHALT activity was obtaned when comparing
group Cwith group B (p1 =0.246). On theother hand,

120

100

80 {
60 4
40
20 4
0

Group B

® Withowt US

(unit/g.tissue)

#With US

Mean values of hepatic ALT

Group A Group C

Groups
Figure7: Bar graphillustrated the mean values of hepatic
ALT (unit/g. tissue) in different treated groups
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exposing miceto US caused asignificant decreasein
ALT activity when comparing group C to group A be-
ing more significantly decreased in group C (p2 =
0.002*, < 0.001*) respectively. While in group B,
HALT activity showed ano significant decrease com-
pared to groupA (p2 = 1.000). Withinthe samegroup,
UStriggered aggnificant declineinHALT activity indl
groups (p = 0.047*, 0.022*, < 0.001*) respectively
(Figure?).

SerumALT activity

Micetreated with free 5-FU (group B) showed no
significant differencewhen compared to micebearing
theliver nodulesingroupA (p1=0.217), whiletresting
micewith 5-FU loaded BSA NPs(group C) caused a
highly significant decreasein ALT activity when com-
pared to groupA (p1 = 0.043*). A non-significant de-
creaseinALT activity was obtained when comparing
group Cwith group B (p1 = 0.149).

Ontheother hand, exposing miceto US caused a
Sgnificant decreaseinALT activity whencomparing both
groups B and C to group A being more significantly
decreased in group C (p2 = 0.014*, 0.001*), (p2 =<
0.001*) respectively. Within the samegroup, UStrig-
gered asignificant declinein ALT activity only ingroup
C (p=0.001*) (Figure8).

Histopathological findings
H&E
Control group

Control liver sections stained with H& E showed
hexagond unit structure called “hepatic lobule” which
wascentered on “hepatic venule” (centrilobular venule).

70 1

60
50
40 -
30
20
10 -
0

Group A GroupB  Group C

o Without US
B With US

Mean values of serum
ALT(unit/ml)

Groups

Figure8: Bar graph illustrated the mean values of serum
ALT (unit/ml) indifferent treated groups

== Fyl] Paper

Each |obule showed anastomosing plates of hepato-
cytesradiating from the centrilobular venuletoward the
periphery of the hexagon. Hepatocyteshad pink stain

) 84 & " g

_ I ..,'. vt {1 ‘ 1 T
Figure9: Paraffin section of control mouseliver showing
normal structure, binucleated (zmmp ), K uppfer cells(m—>)

and central vein (CV). H& E (bar =50 pm)

-

withrround nuclel containing prominent nucleoli. Most
of the hepatic cdllscontained singlenucleus, but some
binucleated cellswerefound (Figure9).

Treated groups

By 60days, the sectionsshowed wel| differentiated
HCC, acinic cdllsand mitotic cells(Figure 10). Exami-
nation of liver sectionsof group treated with free 5-FU
reved ed |less necrosi sand disappearance of inflamma
tion (Figure11), whilegroup treated with free 5-FU and
exposed to US showed well circumscribed cellsand
defined liver cords(Figure 12). Thegroup treated with

-

Figure10: Par affin section of mouseliver 60 dayspost DAB
+ PB receiving showing acinic cells(¥ ) and mitotic cells
(#y .H&E (bar =50 pm)
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Figure 12 : Paraffin section of mouseliver treated with free
5-FU drug and exposed to ultrasonic wavespost DAB + PB
receiving showing well circumscribed cellsand defined liver
cords. H& E (bar =50 pm)

5-FU loaded BSA NPs showed the presence of
apoptosis, the gppearance of cordsand disappearance
of inflammation (Figure 13). Liver sectionstreated with
5-FU loaded BSA NPs and exposed to US showed
increased gpoptos's, gppearanceof moreor lessnorma
cdlsandwell defined liver cords (Figure 14).

AFP

The expression of AFPiswell demonstrated as
brown granulesin the cytoplasm and arranged around
cell membraneseither of hepatocytesor sinusoids.

Control group

Immunohistochemicd ganingof AFPinfetd mouse
liver reveal ed positive A FPreaction in hepatocyte cy-
toplasm (Figure 15).
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Figure13: Paraffin section of mouseliver treated with 5-FU
loaded BSA NPs post DAB + PB receiving showing
apoptosis{(_p), theappear anceof cordsand disappearance
of inflammation. H& E (bar =50 pm)

by | C ~g ek "l .

Figure14: Paraffin section of mouseliver treated with 5-FU
loaded BSA NPsand exposed to ultrasonicwavespost DAB +
PB receiving showingincr eased apoptotic bodies(—»)and
defined liver cords. H& E (bar =50 pm)

Treated groups

After 60 days, this stage showed intense positivity
in hepatocyte cytoplasm compared to thenorma group
(Figure 16). Groups treated with free 5-FU showed
marked positivity in hepatocyte cytoplasm compared
to 60 daysgroup (Figure 17). Groupstreated with free
5-FU and exposed to US showed moderate positivity
in hepatocyte cytoplasm (Figure 18). Groupstreated
with 5-FU loaded BSA NPs showed strong positivity
in hepatocyte cytoplasm (Figure 19). Groupstreated
with 5-FU loaded BSA NPs and exposed to US
showed moderate positivity in hepatocyte cytoplasm
compared to 60 days group (Figure 20).
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mouseliver showing positiveAFP positivity in hepatocytecy-
toplasm. PAPmethod (bar =50 pm)

Y e

liver 60 dayspost DAB + PB receiving showing intense posi-
tivity in hepatocytecytoplasm. PAPmethod (bar =50 pm)

’ ""-lr' L . - N [, ™

Figure17: Immunohistochemical staiing of AFPin mouse
liver treated with free 5-FU post DAB + PB receiving showing
mar ked reaction in hepatocytecytoplasm. PAPmethod (bar =
50 pm)

-
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Figure18: Immunohistochemical staining of AFPin mouse
liver treated with free 5-FU and exposed to ultr asonic waves
post DAB + PB receiving showing moder atepositivity in hepa-
tocytecytoplasm. PAPmethod (bar =50 pm)

Figure19: Immunohistochemical staining of AFPin mouse
liver treated with 5-FU loaded BSA NPspost DAB + PBre-
ceiving showing strong positivity in hepatocyte cytoplasm.
PAPmethod (bar =50 pm).

Imageanalysis

Chronic feeding of DAB + PB caused aprogres-
sivesignificant increasein AFPexpressionwhen com-
pared 60 daysafter induction to the control animals(p
=<0.001*). Micetreated with free 5-FU (group B)
showed ahighly significant decreasewhen compared
60 days after inductionin group A (p2 = < 0.001*),
alsotreating micewith 5-FU loaded BSA NPs(group
C) caused ahighly significant decreasein AFPexpres-
sion when compared to group A (p2 =< 0.001*). A
significant decreasein AFPexpression was obtained
when comparing group C with group B (p3=0.001*).
On the other hand, exposing mice to US caused no
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Figure20: Immunoh|stochem|cal staining of AFPin mouse
liver treated with 5-FU loaded BSA NPsand exposed to ultra-
sonicwavespost DAB + PB r eceiving showing moder ate posi-
tivity in hepatocytecytoplasm. PAPmethod (bar =50 pm)
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significant decreasein AFP expression when compar-
ing group B with group C (p4 = 0.318). Within the

samegroup, UStriggered asignificant declineinAFP
expressoningroup B (pl =0.022*) and no significant
decreasein AFPexpressionin group C (pl =0.946)
(TABLE1, Figure 21).

DISCUSSION

The chronic feeding of both DAB (initiator) and
PB (promoter) has been successfully used to develop
liver tumorsand cancer'®, and an elevated toxicity level
of biomarkers. Biswaset d. (2008)™ induced hepato-
cellular carcinomain miceusing DAB; their results
showed that liver nodul es appeared after chronic feed-
ing of DAB + PB for 60 days or more.

From thispoint of view, inthisstudy, we chooseto
chemically induce HCC in Swissalbino mice chemi-
cally using DAB and PB, by feeding mice on 0.06%
DAB at adaily dose of 165 mg/kg body weight per

TABLE 1: Imageanalysisof AFPexpressionin liver tissuein different treated groups

Croups Control 60 Days Free S FU 5-FU loaded BSA NPs
P [Group A] [Group B] [Group C]

N (5) (5) ) () () (5
Ultrasound Without US With US Without US With US
Min.-Max. 270.0-310.0 470.0-590.0 400.0-460.0 340.0-370.0 300.0-350.0 290.0-330.0
Mean=SD | 294.0+16.73 | 542.0=50.20 | 420.0=25.50 | 352.0=13.04 | 328.0=19.24 | 310.0+15.81
Median 290.0 570.0 410.0 350.0 330.0 310.0

P v

P, v I

p: p value for Post Hoc test (Scheffe) for comparing between control and 60 days groups
p:: p value for Post Hoc test for comparing between with and without US in group B and C
P2 p value for Post Hoc test for comparing between 60 days and without US in group B and C
ps: p value for Post Hoc test for comparing between without US in group B and C
p«: p value for Post Hoc test for comparing between with US in group B and C
*: Statistically significant at p < 0.05

n: number of animals
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Figure21: Bar graphillustrated the mean values of image analysis of tissue AFP expression (unit/g.tissue) in different

treated groups

mouse and 0.05% aqueous solution of PB for 60
days?. After 2 months, al themicefed on DAB and
PB established well differentiated HCC that was con-
firmed by the histopathol ogical findings. Our present
results showed degenerated changesranged from the
presenceof few inflammeatory cellsnear thecentrd vein
and few apoptosistill reaching the appearance of well
differentiated HCC during 60 days. Thiswasin accor-
dancewith Hassan (2012)18 investigation that showed
HCC appearancewith loss of hepatic architectureand
having proliferating stresksand cordsof maignant hepa:
tocytes.

Itiswell documented that AFPestimation remains
auseful testinthemanagement of patientswith hepatic
malignancies (HCC), The stained sectionsshowed a
sgnificant increasein pogtivity after 60 dayscompared
with control mice. Thiswasin accordancewith Hassan
(2012) whofound that AFPwasreexpressedinHCC
induced by 2-nitropropane (2-NP) and
diethylnitrosamine(DEN).

Inthe present study, 5-FU was sel ected to prepare
adelivery system that can be used for targeting anti-
cancer drugs. 5-FU isacytotoxic drug, which inter-
fereswith nucleic acid synthes's, inhibitsDNA synthe-
sis, and eventually haltscell growth. It isextensively
used to treat solid tumors such as liver, breast,
colorectum and brain cancert®.

5-FU hasanarrow therapeuticindex® and avery
short biologica haf-life (10-20 minutes) that necessi-
tatesfrequent administration of thedrugwhichmay leed
to severe side effects such as anorexia, diarrhea,
shock®®Y, severe gastrointesting toxicity, hematologic
disturbance, and severe bone marrow deficiency.

Therefore, attempts have been madeto control these
complications by encapsul ation of 5-FU using biode-
gradable polymerssY.

Albumin-based NP carrier systemsrepresent an at-
tractive strategy, Snceasignificant amount of drug can
beincorporated into the particle matrix because of the
different drug binding Stespresent inthea bumin mol-
ecule®3, Duetothehigh proteinbinding of variousdrugs,
the matrix of abumin NPs can be used for effective
incorporation of these compounds®.

In our study, BSA NPswereloaded with 5-FU to
be thetherapeutic modality for treatment of HCC. 5-
FU loaded BSA NPswere prepared using intermittent
desolvation method. According to these methodswe
obtained BSA NPswhich arecompletdly sphericd par-
ticlesin shape, asshown by SEM and TEM, with the
mean size of 70 nm for the 5-FU loaded BSA NPsby
using PSA. Thiswasin accordancewith ChengM et a
(2012)=0,

The primary objectiveof our researchistoachieve
drug releaseprofileswith desired characteristicsinterms
of time period and rate of drug release. Thiswasreal -
ized by firstinterpreting the effect of ultrasound ondrug
rel easeintermsof the pertinent scientific principleand
then employing these effectsto tail or therel ease pro-
files

From our preparation, the obtained NPshad DLE
of 19.23 and EE of 62.5%. Theresult was coincided
with Arnedo et al (2002)34. Whiletheresult of drug
rel ease under effect of pulsed USwith power intensity
intherange of 3W/cm2 showed anincreasein5- FU
releasefrom BSA NPsandrevealedfromOhto96ha
cumul ative rel ease percentage of 97%. Thisresult was
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inaccordancewith Santhi et a (1999) and Daset al
(2005)(=81,

Comparing between rel ease profiles of freedrug
and NP suspension confirmsthat thiscolloidd drug car-
rier iscapableof releasing drugin acontrolled manner
withtheability of reveding burst release.

Using US power asadrug release mechanismis
advantageousfor being noninvasive. Themain advan-
tagethat renders US so useful isthat no insertion or
surgery isneeded; acoustic transducersareplacedin
contact with awater-soluble gel that isspread onthe
skin. In addition, ultrasoni c waves can penetrate deep
intotheinterior of the body".

Gao et al (2004)1 proposed the use of US en-
hancing the nanocarrier uptake towardsthetumor site.
By usingdrug freepolymeric micdles, theauthorsfound
ahighly increased deposition of their carriersinsdethe
tumor after i.v or i.p admini strati on suggesting such car-
riersasapromising approach.

After confirming devel opment of HCC, wedivided
miceinto group treated withi.p injection of 40 mg/kg
body weight per mouse of 5-FU asfreedrug and the
other treated withi.pinjection of 40 mg/kg body weight
per mouse® of 5-FU loaded BSA NPswith thedose
of 5 mg/kg every two days for 15 days*?; and then
from each group, half of themicewereexposedto US
for 15 minutes?! after 30 minutesof thei.pinjection™d
every two daysfor 15 days.

After 15 daysof treatment!*?, treated mice showed
improvement mostly after theuse of 5-FU loaded BSA
NPsand exposed to US. By measuring the biochemi-
cd parameters, hepaticMDA compared with micebear-
ing theliver nodules showed decreased levelsby 9%
and 58% after being treated with free 5-FU, and treated
with 5-FU loaded BSA NPsrespectively. While com-
pared with micebearing theliver nodulesand exposed
to US showed decrease levelsby 27% and 75% after
being treated with free 5-FU and exposed to US, and
being treated with 5-FU loaded BSA NPsand exposed
to USrespectively.

SerumALT compared with micebearingtheliver
nodules showed decreased levels by 10% and 36%
after being treated with free 5-FU, and treated with 5-
FU loaded BSA NPsrespectively. While comparing
with micebearing theliver nodulesand exposed to US,
it showed decreased level sby 25% and 50% after be-
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ing treated with free 5-FU and exposed to US, and
being treated with 5-FU loaded BSA NPsand exposed
to USrespectively.

Finaly, hepaticALT compared with micebearing
theliver nodul es showed decrease levelsby 19% and
30% after being treated with free 5-FU, and treated
with 5-FU loaded BSA NPsrespectively. While com-
pared with micebearing theliver nodulesand exposed
to US showed decrease levels by 0% and 53% after
being treated with free 5-FU and exposed to US, and
being treated with 5-FU loaded BSA NPsand exposed
to USrespectively.

Thisresult wasconfirmed by the histopathol ogical
findingsthat reveal ed less necrosisand disgppearance
of inflammation after beingtrested with free 5-FU, while
the treatment with free 5-FU and exposure to US
showed well circumscribed cdllsand defined liver cords.
By using 5-FU loaded BSA NPs, apoptosis was
present; whiletreatment with 5-FU loaded BSA NPs
and exposureto US, we noticed increasein apoptos's,
appearance of moreor lessnormal cellsand well de-
finedliver cords.

Our results were in accordance with Dal et d
(2009)Y, Varshosaz et a (2012)1*3 and Cochran et a
(2012)“3, Their results suggested that in situ genera
tion of NPsprovidesasuperior treatment over injec-
tion of freedrug and also denovo synthesized NPs.

a-Fetoprotein sections showed a significant de-
creasein positivity compared with mice bearing liver
nodules. Thiswasin accordancewith Dai et d (2009)1Y.

Therationa e behind the gpproach of nanoparticles
for drug delivery isthat drug encapsul ation decreases
the systemic concentration of freedrug, inhibitsintrac-
ellular drug uptake, and providesapassvedrug target-
ing to thetumor interstitium viathe EPR effect. The
unwanted druginteractionswith hedthy tissuesarethere-
foreinhibited®. TheUSinduced drug releaseand en-
hanced the intracellular uptake of both released and
encapsul ated drug; thelatter was presumably caused
by the perturbation of cell membranes*. Thiseffectis
expected toincrease the selectivity of the drug accu-
mulationinthetumort,

In conclusion, theinvestigation of BSA NPscon-
taining 5-FU, through studiesonthecarrier capacity, in
vitroreleaseand anti-tumor efficacy reved sitssuitabil -
ity asaddivery system through their enhanced efficacy
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againgt cancer cdls Alsothedrug ddivery incombined
with alocd ultrasonicirradiation of thetumor may be
developed into apowerful new tool of drug targeting
and treatment of canceroustumors.
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