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inhibitors, with or without interferon, along with anti-fi-
brotic/anti-hemolytic agents’ combination of naturally
driven Polyphenol/Thiols, and Non-anticoagulant GAGs.
These compounds are effective antiviral agents, especially in
inhibiting the function of the various genotypes of Hepatitis
C virus (HCV). Thus, the disclosure also concerns a method
of treating HCV related diseases or conditions by use of
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bined composition for HCV and/or hepatic targeted delivery
for improved efficacy and safety.

21 Claims, 16 Drawing Sheets



U.S. Patent

parin

PLGE 50 50 Chitosan MMW tinza

»
x

RECORD 2

WIDTH (am)

124
412

% INTENSITY

DIAM. (nm)
313

PEAK 1

L-RVERAGE (d.nm): 284

Mar. 21, 2017

13

5200
6.00

S
A

PEAK 2

»

v

PEAK 3

INTERGEPT: 0.975

SIZE DISTRIBUTION BY INTENSHTY

Sheet 1 of 16

5!9!1!

i
s
-

i
o]

7

i
<
e

3 ; 1 i 1 g 1

[

XD L =P O S

{96} ALISNILNE

g

1

b
Leo]

SIZE (d.nm)

US 9,597,351 B2




U.S. Patent Mar. 21,2017  Sheet 2 of 16 US 9,597,351 B2

"“"‘N; u
27 : N
=
iad I - chan
- T I~
Bk
=
2 -8 G
= = .
= 3 = L
= =
=x=
2 CE ™
= - =
haid 8
&3 & Be
2 ] :
Joener
3
[aseey
=
& - =

frnm qpro0ox

{%) ALISNLNI



U.S. Patent Mar. 21,2017  Sheet 3 of 16 US 9,597,351 B2

o
)
=
=
=
~
sl
=
i
a
=]

>
{2 d
[ =)
=
=
=
ol
b
=
=
=X
=

MAGNIFICATION 63x




US 9,597,351 B2

Sheet 4 of 16

Mar. 21, 2017

U.S. Patent

. {30434 £3M) 30434
14/3011d3d JYL/A00GINY TUNGTIONOW 0L
(IYORINGD GNY NIMIAYEINYL B HOISHIIN

| SNILINSAYONI-03 STTCHEYL 0NN

L

& OIA

GUIGHAYEIA) NIIAYRIYE o (NON3LN3INE

(o0 2

NIHIAYEIHY B NOUIIILRI
OWHYINSAYINI-0 STIHIYJONYR

Z { 4
B mz./N\ < Hi

MGIAVII8LS

\
\ oy mmgzama\ .
QUGN HILOId
gy MONARS g o
(01134 £SH) 1011434 (0141
p10/3011d3d IYL/AGORIINY £si) 1011d3d PLO/30IL3d
TNTII0NOM SLTI0HE I¥I/AGOSILNY TYNT10NO
TGN TTH-IGIATL38 T3 S04 y

i




US 9,597,351 B2

Sheet 5 of 16

Mar. 21, 2017

U.S. Patent

i
Sun. Shilanl
H=S*CRYHION A
" 'S

m

W/w d9H0

5 e | st

 {anondsond &

¥ OIAd

9341458
0
xa@ ! m\t/\/x\/\\/\\/\/\/\\/\,/
/m\m/V/\m 4\//\;/\\/{\\/\\/ o~ \/,\\/\
@ -

SHOLBIHNI
3SY31084 ¥0

1 1083IsT0HI )




US 9,597,351 B2

Sheet 6 of 16

Mar. 21, 2017

U.S. Patent

$ OId

(NOI3H (YD)
4014393 £CAO

9343450 3

HdI1084S0Hd &

0¥31STI080 ()




US 9,597,351 B2

Sheet 7 of 16

Mar. 21, 2017

U.S. Patent

8 ‘Did
Ho
(TOURYNGIBOIOYT TAIONERN) YETH-N
/ \,
Ho
./
?J 0
B0 0 "
g I L/
J $ - ~. » ~ T
T -
o H HO

SHOLIBIHA
(F| IST0Nd HD
Cig WL TTERTENTEO i

NIHLI9TT T N
e B
/
oo [ &ty S
iU

S~ afy g mw L.

w /Wmm

.\\\ //\\ .//./\\. S

!

/(\z/\\/\\/(\mm*m |




US 9,597,351 B2

Sheet 8 of 16

Mar. 21, 2017

U.S. Patent

L "OIA

93d-3d30

gy

1]
+ E.mw 40 \:/\/\/ N N N N N
f S

#
e VB AN NN NN NN
{

LS hatung). AL
i

S e
U SUTHI030D IIUHDAI0E: 3

ua¥ Pugy-o-a,

B
fdlz ACHI-0R | g sanar-aioy ainioans s 3

ottty -0y

H
i
| (2ddO) GrTOHdSOHd &
! 34dn
“H"H (00—
W ol—p—0—Hg 8 gt .
0 HI-0—d-0-tha-Tha- ;smma |
0 49



US 9,597,351 B2

Sheet 9 of 16

Mar. 21, 2017

U.S. Patent

§ OIAd

J3d-3450
]

¥
. R S N N NN NN NN
mzéﬁﬁwm%mme/m\z(\é ‘ m<ﬂ<\j\/\>/\\/\\/\>/\\/\>/\/\
,, 0 0 .
" e {3dS8-93d)
e gl i Mdiys o SOITHOBIAG INTIHIIING M
o Ha)—0-0, 0
i
N—3—4(“Hg)—0—0H Yo, 3
that oy W L S saidrasy aians &
@ i )
L (94d0) DIdMOHASORd * &
0 |
b )30y Al
W3-y ] 49
0 -0 ﬁm 09~ -4
g '



US 9,597,351 B2

Sheet 10 of 16

Mar. 21, 2017

U.S. Patent

6 OId

RO03-03d-Y01d

0
y i
EJK\/\\__/M/\/GL\FJ\ m/:\/@\w\
0 .

T

— SuoIginNI
ISY3L0Hd HO
/NY ISHEINATOA



U.S. Patent Mar. 21,2017 Sheet 11 of 16 US 9,597,351 B2

CH LINKAGES

FIG. 10

POLYMERASE AND/
R PROTEASE
INHIBITORS

s CHITOSAN {CH}



US 9,597,351 B2

Sheet 12 of 16

Mar. 21, 2017

U.S. Patent

Ir H,GNN
‘ YHY
H
H Yoy H
\\\Pﬂ%z~ =\\me\\ m xm
i A
- i
08 -
Um\ﬁﬂ fgmw ; ™~ (YR TI0Y QINGURTYAR JAAHOTY -~
o M (3SH) HYSOLINT-TANIGOAS-H mmommmmne
HOO .
mmzﬂm m@ U ;Amx e
\\r,// \ o mwlm \ 0
i , w
8
HO H e SUGLIBIHN
35731044 40
- /N I5YETHATOd
H3




US 9,597,351 B2

Sheet 13 of 16

Mar. 21, 2017

U.S. Patent

RI-¥0 :

s 4
NN NN NN D

by
i

S¥4 Jlmﬂm Q1Y INAYdv-u

w R {vo) olo% 31310 ——
v (98} Q0¥ JUSIAN —

{H3) NYSOLH s
SHOLIGIHM

35¥3104d 40
/ANY ISYHINATOL




US 9,597,351 B2

Sheet 14 of 16

Mar. 21, 2017

U.S. Patent

&I "OIA
(40) QY 31370 ——
SY< (VD) QY STIAMAYD
(1) B10Y ULSIAAN —
"0 : sana dnod O
e )/\\/<\>/<\c/mm , . .

) . stousitn Lo
s RN
A ( /Y SO

% W
0 g

0 i
x@\_r\/\\/&\/\\/\/\\/%x



US 9,597,351 B2

Sheet 15 of 16

Mar. 21, 2017

U.S. Patent

NVSOLHD-IWIAL  ofp
/
8

£
xwv .
w
HUSOLIHOAE0 ,M
W
; 0=
Y
i 07a0
o o

3

==
==

L. Y-

FI OIAd

(HW) 1o -NYIOVINIARLINL

STOHOIW TR LU f—
(IO YIHET TAHIIN 100000 INTHARLINL ——

(¥8) §3Y 3316 —

Std< {¥D) IV JLAHYTY ~mmronron

(Y} QITY J1ISHIAR —moee

(B3} HUYSOLIH sooomooscoseo

, SUBLIGIHNI
: ISU310Ud 40




U.S. Patent

Mar. 21, 2017 Sheet 16 of 16 US 9,597,351 B2
£ £l £ i N2 83 ] 548 1 HSRA 5%
GORE  ENVELORE PROTEASE | SERINE BELICASE SERIBE RUA-BEPERDENY
GLYCOPROTES PROTRASE PROTERSE R POLYMERSSE
COFACTOR
\/ ;\/
§63/4 PROTEASE INRIBITORS -
NS3-44 POLYMERASE
PROTEASE
HYSB POLYMERASE INHiBITERS
! O e {BUCLEOSIDE OR HON-
a¥f3 RE{IEg‘?{BQ HUCLEDSIDE)
i
THTREBO) | @@
WA
SR
cHev
YB3 RECEPTOR
{TAT REGIDH)
I

PROTEASE PLUS POLYMERASE
{HHIBITORS

¥ 3 RECEPIOR
{TAT REGION)

FIG. 15



US 9,597,351 B2

1
NANO-TARGETED DELIVERY OF
PROTEASE, POLYMERASE INHIBITORS
WITH OR WITHOUT IMMUNE
MODULATORS IN THE TREATMENT OF
HEPATITIS C

RELATED APPLICATION

The present invention claims priority to U.S. Provisional
No. 61/936,944, filed on Feb. 7, 2014, which is incorporated
herein by reference in its entirety.

FIELD OF THE INVENTION

The present invention provides a nanoformulation and
HCV and/or liver targeting of antiviral compounds in the
treatment of Hepatitis C.

BACKGROUND

The severe health conditions associated with chronic
HCYV infection remain a global concern. The most effective
therapy at present for HCV is the combination therapy of
PEGylated interferon (IFN) y (PEG-IFNy) and ribavirin.
This combination therapy involves multiple doses of PEG-
IFNy and ribavirin, and takes more than 48 weeks for
completion; however, the success rate is only around 50%.
In addition, the cost of IFNy combination therapy is high,
efficiency is low and the therapy has serious side effects
including fever and hemolytic anemia. Various polymerase
inhibitors demonstrated significant anti-HCV efficacy
against the different sub-types but associated with serious
adverse effects and excessive cost. Therefore, there is an
urgent need for targeted antiviral agents for the treatment of
HCV infection.

It is estimated that over 300 million people (1) are
infected with Hepatitis C virus (HCV) worldwide. Africa
and the Eastern Mediterranean region have the highest
documented infection rates, and Egypt has the highest
infection rate for a single country in the world. In the United
States, an estimated 4.1 million people are infected with
HCV, representing approximately 1.8% of the population)
(2). Of these 4.1 million HCV-infected individuals, approxi-
mately 3.2 million have chronic Hepatitis C infection, and
can therefore potentially spread HCV to others. Because of
the low survival rate (~50%) (3) of individuals with Hepa-
titis C and the high cost of treatment, Hepatitis C continues
to be one of the most dangerous diseases in the world. It is
therefore imperative to develop a novel, safe and effective
formulation for the treatment of this disease that can quickly
move into the clinical phase.

SUMMARY OF THE INVENTION

The present invention provides a composition, compris-
ing: a formulated or Nanoformulated polymerase inhibitor;
and a protease inhibitor, with anti-fibrotic/anti-hemolytic
agents, along with hepatic and/or HCV targeting

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts Size measurement of chitosan grafted
PLGA nanoparticles by DLS, in accordance with embodi-
ments of the present invention.

FIG. 2 depicts Confocal imaging of HepG2 cell showing
the uptake of Cy3-labeled chitosan grafted PL.GA nanopar-
ticles, in accordance with embodiments of the present inven-
tion.
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2

FIG. 3 depicts Schematic diagram showing conjugation
strategy for linking monoclonal antibody/TAT Peptide/p14
peptide (NS3 peptide) nanoparticles, in accordance with
embodiments of the present invention.

FIG. 4 depicts A sketch illustrating the Design of Solid
lipid nanoparticles (SLN) for drug delivery—Nanoformula-
tion are synthesized for the encapsulation of polymerase and
protease inhibitors with or without interferon, containing
anti-fibrotic/anti-hemolytic agents, and along with targeting
for hepatic cells using Lactobionic acid, glycyrrhizin, and/or
Galactosylated, in accordance with embodiments of the
present invention.

FIG. 5 depicts A sketch illustrating the Design of Solid
lipid nanoparticles (SLN) for drug delivery—Nanoformula-
tion are synthesized for the encapsulation of polymerase and
protease inhibitors with or without interferon, containing
anti-fibrotic/anti-hemolytic agents, and along with targeting
for hepatitis C virus can be targeted by conjugation of high
affinity avf3 ligand and coating/conjugation for hepatic
cells using Lactobionic acid, glycyrrhizin, and/or Galacto-
sylated, in accordance with embodiments of the present
invention.

FIG. 6 depicts A sketch illustrating the Design of nano-
particles for drug delivery—Nanoformulation are synthe-
sized for the encapsulation of polymerase and protease
inhibitors with or without interferon, containing anti-fi-
brotic/anti-hemolytic agents, and along with targeting for
hepatic cells using coating/conjugation with Lactobionic
acid, glycyrrhizin, and/or Galactosylated, in accordance
with embodiments of the present invention.

FIG. 7 depicts A sketch illustrating the Design of nano-
particles for drug delivery—Nanoformulation are synthe-
sized for the encapsulation of polymerase and protease
inhibitors with or without interferon, containing anti-fi-
brotic/anti-hemolytic agents, and along with targeting for
hepatic cells using coating/conjugation with Lactobionic
acid, glycyrrhizin, and/or Galactosylated, in accordance
with embodiments of the present invention.

FIG. 8 depicts A sketch illustrating the Design of nano-
particles for drug delivery—Nanoformulation are synthe-
sized for the encapsulation of polymerase and protease
inhibitors with or without interferon, containing anti-fi-
brotic/anti-hemolytic agents, and along with targeting for
hepatic cells using coating/conjugation with Lactobionic
acid, glycyrrhizin, and/or Galactosylated, in accordance
with embodiments of the present invention.

FIG. 9 depicts A sketch illustrating the Design of PLGA-
PEG nanoparticles for drug delivery—Nanoformulation are
synthesized for the encapsulation of polymerase and pro-
tease inhibitors with or without interferon, containing anti-
fibrotic/anti-hemolytic agents, and along with targeting for
hepatic cells using coating/conjugation with Lactobionic
acid, glycyrrhizin, and/or Galactosylated, in accordance
with embodiments of the present invention.

FIG. 10 depicts A sketch illustrating the Design of cross-
linked Chitosan nanoparticles for drug delivery—Nanofor-
mulation are synthesized for the encapsulation of poly-
merase and protease inhibitors with or without interferon,
containing anti-fibrotic/anti-hemolytic agents, and along
with targeting for hepatic cells using coating/conjugation
with Lactobionic acid, glycyrrhizin, and/or Galactosylated,
in accordance with embodiments of the present invention.

FIG. 11 depicts A sketch illustrating the Design of
Hyaluronic acid (HA) cross-linked with Chitosan nanopar-
ticles for drug delivery—Nanoformulation are synthesized
for the encapsulation of polymerase and protease inhibitors
with or without interferon, containing anti-fibrotic/anti-he-
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molytic agents, and along with targeting for hepatic cells
using coating/conjugation with Lactobionic acid, glycyr-
rhizin, and/or Galactosylated, in accordance with embodi-
ments of the present invention.

FIG. 12 depicts A sketch illustrating the Design of fatty
acids (FA) cross-linked with Chitosan nanoparticles for drug
delivery—Nanoformulation are synthesized for the encap-
sulation of polymerase and protease inhibitors with or
without interferon, containing anti-fibrotic/anti-hemolytic
agents, and along with targeting for hepatic cells using
coating/conjugation with Lactobionic acid, glycyrrhizin,
and/or Galactosylated, in accordance with embodiments of
the present invention.

FIG. 13 depicts A sketch illustrating the Design of fatty
acids (FA) nanoparticles for drug delivery—Nanoformula-
tion are synthesized for the encapsulation of polymerase and
protease inhibitors with or without interferon, containing
anti-fibrotic/anti-hemolytic agents, and along with targeting
for hepatic cells using coating/conjugation with Lactobionic
acid, glycyrrhizin, and/or Galactosylated, in accordance
with embodiments of the present invention.

FIG. 14 depicts A sketch illustrating the Design of fatty
acids (FA) cross linked to polyvinyl alcohol nanoparticles
for drug delivery—Nanoformulation are synthesized for the
encapsulation of polymerase and protease inhibitors with or
without interferon, containing anti-fibrotic/anti-hemolytic
agents, and along with targeting for hepatic cells using
coating/conjugation with Lactobionic acid, glycyrrhizin,
and/or Galactosylated, in accordance with embodiments of
the present invention.

FIG. 15 depicts Illustrate the various anti-viral com-
pounds that could be encapsulated for hepatic and/or viral
targeting, in accordance with embodiments of the present
invention.

DETAILED DESCRIPTION OF THE
INVENTION

The use of PEGylated IFN y with ribavirin has serious
side effects and a significant proportion of patients infected
with HCV have an unsatisfactory outcome with this therapy.
Major advances have been realized in the development of
specific non-nucleoside inhibitors of the viral NS5B RNA-
dependent RNA polymerase. Clinical proof-of-concept for
allosteric non-nucleoside HCV polymerase inhibitors has
been reported and several compounds have progressed into
preclinical and clinical studies. It is likely that in the future
NSS5B inhibitors were form an integral part of more effective
anti-HCV therapies, combining the use of small-molecule
antiviral drugs with or without the assistance of immune
modulators such as IFNs. The combination of protease
inhibitor such as ribavirin (Compound A) in the presence of
anti-fibrotic/anti-hemolytic agents, and with the polymerase
inhibitor would result in synergistic effects and minimize the
emergence of resistance. This invention combines known
polymerase inhibitor such as (Compound A) Isopropyl (25)-
2-[(2R, 3R, 4R, 5R)-5-(2, 4-dioxopyrimidin-1-yl)-4-fluoro-
3-hydroxy-4-methyl-tetrahydrofuran-2-yl]  methoxy-phe-
noxy-phosphoryl] amino] propionate with known protease
inhibitor such as (Compound B) 1-[(2R,3R,4S,5R)-3,4-di-
hydroxy-5-(hydroxymethyl)oxolan-2-yl]-1H-1,2,4-triazole-
3-carbox amide at 400 mg and 1000 mg in a solid dosage
form, respectively in combinations with anti-fibrotic/anti-
hemolytic agents (Compound C). Anti-fibrotic/anti-hemo-
Iytic agents that protect against live fibrosis and hemolytic
anemia-induced by ribavirin would include the following
naturally driven polyphenols (Resveratrol, Catechin epigal-
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locatechin gallate (EGCG), Eligic acid, punicagilin, and
other polyphenols) and thiols (allin, N-acetyl cysteine, glu-
tathione, and other thiols). Additionally, polyanionic non-
anticoagulant glycosaminoglycans such as non-anticoagu-
lant Low Molecular Weight Heparins (NACH), heparan,
dermatan, and other non-anticoagulant GAGs (Compound
D) that bind and sequester Hepatitis C Virus lowering viral
load would also be co-encapsulated or combined with com-
pounds A, B, and C.

It is imperative that a new sensitive, cost effective, safe
and efficient technology is developed in order to overcome
this silent killer. The application of nanotechnology in
medicine provides unprecedented opportunities for address-
ing many of the current gaps in clinical diagnosis and
therapy. Potential applications of this cutting edge technol-
ogy could have a revolutionary impact on the treatment of
Hepatitis C. In the past few decades, the development of
controlled release systems based on nanoparticles that per-
mit a sustained or pulsed release of encapsulated drug
(including (IFN) v has attracted much interest. Polymeric
particles are of particular interest, as they are more stable
and permit administration by the parenteral route (subcuta-
neous) as well as oral route as tablet, chewable tablet or
capsule. Furthermore, it is well known that nanoparticulate
carriers not only have the potential to incorporate multiple
drugs (either by encapsulation or chemical conjugation), but
also have tremendous potential for a targeted delivery.
Keeping this mind, we developed a polymeric nanoparticle-
based technology platforms incorporating the protease
inhibitor ribavirin or taribavirin with or without IFNy and
various types of polymerase inhibitors in the treatment of
Hepatitis C, along with anti-fibrotic/anti-hemolytic agents,
In addition, we propose to conjugate a therapeutic peptide,
pl4 (NS3 peptide), that were confer the ability to target viral
NS3 helicase, which is anticipated to increase the efficacy of
the drugs encapsulated into the nanoparticle platforms.
Additionally, we also propose that these drug loaded nano-
particles were attached to a monoclonal antibody (FAb
fragments) directed against epitopes conserved on HCV
surface E2 glycoprotein of genotypes la, 1b, 2a, 2b and 4.
Thus, the incorporation of protease inhibitor such as Com-
pound A and polymerase inhibitors (Compound B) along
with anti-fibrotic/anti-hemolytic agents (Compound C), and
Non-anticoagulant GAGs (Compound D) inside the nano-
particle would allow for optimal anti-viral efficacy and
optimal safety profiles. At the same time, targeted delivery
through pl4 conjugation and combination therapy with
incorporation of taribavirin or ribavirin in the same nano-
particle is expected to increase the efficacy of the formula-
tion via targeted delivery to HCV and/or the liver. This
invention accomplished through the following aims:

Aim 1: Synthesis and characterization of different nano-
formulations incorporating Protease inhibitor such as Com-
pound A (ribavirin), polymerase inhibitors such as Com-
pound B (sofosbuvir) with or without IFNy, along with
anti-fibrotic/anti-hemolytic such as Compound C (polyphe-
nol/thiol), and Non-anticoagulant GAGs such as Compound
D (NACH, Oligosaccharide, dermatan sulfate, . . . ).

Aim 2: Determine the efficacy of the nanoformulation in
cells in vitro using confocal imaging and qualitative in vitro
anti-HCV screening;

Aim 3: Determine the efficacy of selected nanoformula-
tions in vivo using chimeric urokinase-type plasminogen
activator (uPA)-severe combined immunodeficiency (SCID)
(uPA-SCID) mice engrafted with human hepatocytes.

The following formulations and nanoformulations were
derived:
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1—Solid dosage form combining protease inhibitor such
as Compound A Ribavirin (1-[(2R,3R,4S,5R)-3,4-dihy-
droxy-5-(hydroxymethyl) oxolan-2-yl]-1H-1,2.4-triazole-3-
carboxamide at 500-1000 mg/tablet or capsule in sustained
release formulation plus polymerase inhibitor such as Com-
pound B Sofosbuvir (Isopropyl (25)-2-[(2R,3R,4R,5R)-5-
(2,4-dioxopyrimidin-1-y1)-4-fluoro-3-hydroxy-4-methyl-
tetrahydrofuran-2-yl]methoxy-phenoxyphosphoryl]amino]
propionate) at 200-400 mg/tablet, chewable tablet or
capsule, along with anti-fibrotic/anti-hemolytic agents com-
bination of naturally driven Polyphenol/Thiols (Compound
C), and Non-anticoagulant GAGs (Compound D inside the
nanoparticle would allow for optimal anti-viral efficacy and
optimal safety profiles.

2—Nanoformulation containing Ribavirin (100-200 mg)
and Sofosbuvir (40-100 mg), along with anti-fibrotic/anti-
hemolytic agents’ combination of naturally driven Polyphe-
nol/Thiols (Compound C), and Non-anticoagulant GAGs
(Compound D) in solid lipid nanoparticles, PLGA-PEG
nanoparticles, Chitosan-fatty acid, Chitosan-PLGA, Chito-
san-Hyaluronic acid coated with Lactobionic, glycyrrhizin
and/or galactosylated for hepatic targeting.

3—Nanoformulation containing Ribavirin (100 mg) and
Sofosbuvir (40 mg) and lower doses in solid lipid nanopar-
ticles, PLGA-PEG nanoparticles, Chitosan-fatty acid, Chi-
tosan-PLGA, Chitosan-Hyaluronic acid, along with anti-
fibrotic/anti-hemolytic agents’ combination of naturally
driven Polyphenol/Thiols (Compound C), and Non-antico-
agulant GAGs (Compound D) and conjugated with avp3
integrin ligand and/or p14 peptide (NS3 peptide) for HCV
targeting.

4—Nanoformulation containing Ribavirin (10-20 mg)
and Sofosbuvir (4-10 mg) in solid lipid nanoparticles,
PLGA-PEG nanoparticles, Chitosan-fatty acid, Chitosan-
PLGA, Chitosan-Hyaluronic acid, along with anti-fibrotic/
anti-hemolytic agents’ combination of naturally driven
Polyphenol/Thiols (Compound C), and Non-anticoagulant
GAGs (Compound D) and conjugated with avp3 integrin
ligand and/or p14 peptide (NS3 peptide) for HCV targeting
and coated or conjugated with Lactobionic, glycyrrhizin
and/or galactosylated for hepatic targeting.

The application of nanotechnology in medicine provides
unprecedented opportunities for addressing many of the
current gaps in the diagnosis and therapy. Potential appli-
cations of this cutting edge technology could have a revo-
Iutionary impact on the treatment of Hepatitis C. In last few
decades, the development of controlled release systems
based on nanoparticles that permit a sustained or pulsed
release of encapsulated drug has attracted much interest.
Polymeric particles are especially interesting as they are
more stable and permit administration by the parenteral
route as well as oral route. Furthermore, it is well known that
nanoparticulate carriers not only have the potential to incor-
porate multiple drugs (either by encapsulation or chemical
conjugation), but also have the tremendous potential for
targeted delivery. Many studies have documented that cus-
tom-synthesized nanoparticles accumulate in the liver.
Proper delivery of antiviral drugs to the HCV and/or the
liver, is a prerequisite for efficient Hepatitis C treatment.
Thus, nanoparticles could provide the added advantage of
delivering drugs into the liver effectively, thereby increasing
the efficacy of the drugs. Importantly, nanoparticulate carrier
systems can be fluorescently labeled with different dyes,
which enable investigation of the pathways and accumula-
tion of nano-carriers in real time. Tracking of the Nano-
carriers allowed identification of mechanistic pathways of
localization and activity, thereby providing the basis for
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optimized formulations for better results. Conjugation of a
therapeutic peptide, such as p14 (NS3 peptide), that has the
ability to target viral NS3 helicase increase the efficacy of
nano-encapsulated drugs. Monoclonal antibodies (Fab frag-
ments) or TAT peptide targeting HCV also can be useful for
efficient targeted delivery vehicles that can be conjugated on
the surface of the drug loaded nanoparticles with protease
and RNA polymerase inhibitor, with or without interferon.

One of the effective therapy for Hepatitis C is combina-
tion therapy using PEGylated IFN vy (PEG-IFNy) and riba-
virin. This combination therapy involved multiple doses of
PEG-IFN and ribavirin and takes more than 48 weeks to
complete. However, the success rate is only around 50%. In
addition, the cost of IFNy combination therapy is high,
efficiency is low, and the therapy has serious side effects. It
is therefore imperative to develop novel, sensitive, cost
effective, safe and efficient technologies that can effectively
overcome this silent killer. With this in mind, we developed
polymeric nanoparticle-based technology antiviral drug for
the treatment of Hepatitis C. Conjugation of a therapeutic
peptide, pl4 (NS3 peptide), that has the ability to target viral
NS3 helicase, is also used in order to increase the efficacy of
the drugs. Incorporation of IFN v inside the nanoparticles
expected to reduce IFNy-related toxicity; at the same time,
targeted delivery through p14 conjugation and combination
therapy using the relatively less toxic tarivabirin (as com-
pared to conventional ribavirin) incorporated into the same
nanoparticles increased the efficacy of the formulation.
Furthermore, conjugation of Monoclonal antibodies (Fab
fragments) or TAT peptide targeting HCV, on the surface of
the drug loaded nanoparticles can be highly efficient and can
be used for the treatment most of the types of the HCV
including genotype la, 1b, 2a, 2b, 4 etc.

FIG. 1 depicts Size measurement of chitosan grafted
PLGA nanoparticles by DLS, in accordance with embodi-
ments of the present invention.

FIG. 2 depicts Confocal imaging of HepG2 cell showing
the uptake of Cy3-labeled chitosan grafted PL.GA nanopar-
ticles, in accordance with embodiments of the present inven-
tion.

FIG. 3 depicts Schematic diagram showing conjugation
strategy for linking monoclonal antibody/TAT Peptide/p14
peptide (NS3 peptide) nanoparticles, in accordance with
embodiments of the present invention.

FIG. 4 depicts A sketch illustrating the Design of Solid
lipid nanoparticles (SLN) for drug delivery—Nanoformula-
tion are synthesized for the encapsulation of protease and
polymerase inhibitors with or without interferon, with anti-
fibrotic/anti-hemolytic agents’ combination of naturally
driven Polyphenol/Thiols, and Non-anticoagulant GAGs,
along with targeting for hepatic cells using Lactobionic acid,
glycyrrhizin, and/or Galactosylated, in accordance with
embodiments of the present invention.

FIG. 5 depicts A sketch illustrating the Design of Solid
lipid nanoparticles (SLN) for drug delivery—Nanoformula-
tion are synthesized for the encapsulation of polymerase and
protease inhibitors with or without interferon, with anti-
fibrotic/anti-hemolytic agents’ combination of naturally
driven Polyphenol/Thiols, and Non-anticoagulant GAGs,
and along with targeting for hepatitis C virus can be targeted
by conjugation of high affinity v 3 ligand and coating/
conjugation for hepatic cells using Lactobionic acid, gly-
cyrrthizin, and/or Galactosylated, in accordance with
embodiments of the present invention.

FIG. 6 depicts A sketch illustrating the Design of nano-
particles for drug delivery—Nanoformulation are synthe-
sized for the encapsulation of polymerase and protease
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inhibitors with or without interferon, with anti-fibrotic/anti-
hemolytic agents’ combination of naturally driven Polyphe-
nol/Thiols, and Non-anticoagulant GAGs, and along with
targeting for hepatic cells using coating/conjugation with
Lactobionic acid, glycyrrhizin, and/or Galactosylated, in
accordance with embodiments of the present invention.

FIG. 7 depicts A sketch illustrating the Design of nano-
particles for drug delivery—Nanoformulation are synthe-
sized for the encapsulation of polymerase and protease
inhibitors with or without interferon, with anti-fibrotic/anti-
hemolytic agents’ combination of naturally driven Polyphe-
nol/Thiols, and Non-anticoagulant GAGs, and along with
targeting for hepatic cells using coating/conjugation with
Lactobionic acid, glycyrrhizin, and/or Galactosylated, in
accordance with embodiments of the present invention.

FIG. 8 depicts A sketch illustrating the Design of nano-
particles for drug delivery—Nanoformulation are synthe-
sized for the encapsulation of polymerase and protease
inhibitors with or without interferon, with anti-fibrotic/anti-
hemolytic agents’ combination of naturally driven Polyphe-
nol/Thiols, and Non-anticoagulant GAGs, and along with
targeting for hepatic cells using coating/conjugation with
Lactobionic acid, glycyrrhizin, and/or Galactosylated, in
accordance with embodiments of the present invention.

FIG. 9 depicts A sketch illustrating the Design of PLGA-
PEG nanoparticles for drug delivery—Nanoformulation are
synthesized for the encapsulation of polymerase and pro-
tease inhibitors with or without interferon, with anti-fibrotic/
anti-hemolytic agents’ combination of naturally driven
Polyphenol/Thiols, and Non-anticoagulant GAGs, and along
with targeting for hepatic cells using coating/conjugation
with Lactobionic acid, glycyrrhizin, and/or Galactosylated,
in accordance with embodiments of the present invention.

FIG. 10 depicts A sketch illustrating the Design of cross-
linked Chitosan nanoparticles for drug delivery—Nanofor-
mulation are synthesized for the encapsulation of poly-
merase and protease inhibitors with or without interferon,
with anti-fibrotic/anti-hemolytic agents’ combination of
naturally driven Polyphenol/Thiols, and Non-anticoagulant
GAGs, and along with targeting for hepatic cells using
coating/conjugation with Lactobionic acid, glycyrrhizin,
and/or Galactosylated, in accordance with embodiments of
the present invention.

FIG. 11 depicts A sketch illustrating the Design of
Hyaluronic acid (HA) cross-linked with Chitosan nanopar-
ticles for drug delivery—Nanoformulation are synthesized
for the encapsulation of polymerase and protease inhibitors
with or without interferon, with anti-fibrotic/anti-hemolytic
agents’ combination of naturally driven Polyphenol/Thiols,
and Non-anticoagulant GAGs, and along with targeting for
hepatic cells using coating/conjugation with Lactobionic
acid, glycyrrhizin, and/or Galactosylated, in accordance
with embodiments of the present invention.

FIG. 12 depicts A sketch illustrating the Design of fatty
acids (FA) cross-linked with Chitosan nanoparticles for drug
delivery—Nanoformulation are synthesized for the encap-
sulation of polymerase and protease inhibitors with or
without interferon, with anti-fibrotic/anti-hemolytic agents’
combination of naturally driven Polyphenol/Thiols, and
Non-anticoagulant GAGs, and along with targeting for
hepatic cells using coating/conjugation with Lactobionic
acid, glycyrrhizin, and/or Galactosylated, in accordance
with embodiments of the present invention.

FIG. 13 depicts A sketch illustrating the Design of fatty
acids (FA) nanoparticles for drug delivery—Nanoformula-
tion are synthesized for the encapsulation of polymerase and
protease inhibitors with or without interferon, with anti-
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fibrotic/anti-hemolytic agents’ combination of naturally
driven Polyphenol/Thiols, and Non-anticoagulant GAGs,
and along with targeting for hepatic cells using coating/
conjugation with Lactobionic acid, glycyrrhizin, and/or
Galactosylated, in accordance with embodiments of the
present invention.

FIG. 14 depicts A sketch illustrating the Design of fatty
acids (FA) cross linked to alcohol nanoparticles for drug
delivery—Nanoformulation are synthesized for the encap-
sulation of polymerase and protease inhibitors with or
without interferon, with anti-fibrotic/anti-hemolytic agents’
combination of naturally driven Polyphenol/Thiols, and
Non-anticoagulant GAGs, and along with targeting for
hepatic cells using coating/conjugation with Lactobionic
acid, glycyrrhizin, and/or Galactosylated, in accordance
with embodiments of the present invention.

FIG. 15 depicts [llustrate the various anti-viral com-
pounds that could be encapsulated for hepatic and/or viral
targeting, in accordance with embodiments of the present
invention.

Example 1
Qualitative In Vitro Anti-HCV Screening

1—Detection of the Effect of the Prepared Compounds on
Cancer Cell Line:

HepG2 cells were washed twice in RPMI1640 (Cambrex)
media supplemented with 2000 uM L-glutamine (Cambrex)
and 2504 HEPES buffer; N-[2-hydroxyethyl|piperazine-N'-
[2-ethanesulphonic acid] (Cambrex) and were suspended at
2x10° cells mI™" in RPMI culture media (RPMI supple-
mented media, 10% fetal bovine serum (FBS); GIBCO-
BRL). The cells were left to adhere on the polystyrene
6-well plates for 24 hours in 37° C., 5% CO,, 95% humidity
incubator. After 24 hr. the cells were washed twice from
debris and dead cells by using RPMI supplemented media.
Different concentrations (100, 50, 20, 10 or 5 pg/ml) from
each prepared compound were added in 6-well plates. Posi-
tive and negative control cultures were included. Cultures
were incubated for 72 hours in 37° C., 5% CO,, 95%
humidity. For examining the cell cycle of control and treated
cells, the adherent cells were detached from the plate using
1 ml trypsin EDTA (200 mg/LL for EDTA, 500 mg/L. for
trypsin in a ratio 1:250) for 1-3 minutes, the action of trypsin
is stopped by the addition of 5 ml RPMI culture media. The
cells were scrapped and collected in 15 ml falcon tube, then
washed twice by RPMI supplemented media and once by
phosphate buffer saline (PBS), after each wash centrifuge at
1000 rpm for 5 minutes. Resuspended the pellet in 1 ml
Propidium iodide (Sigma) with concentration (50 ml/l in
0.1% sodium citrate and 01% triton X100), incubate the
tubes in dark at 4° C. for at least 60 min. The effect of the
compounds on HepG2 cell line was examined using FACS
Calibur flow cytometer (BD Bioscience, San Diego, Calif.,
USA). The data were analyzed using MODFit (BD Biosci-
ence).

Example 2

Qualitative in Vitro anti-HCV screening: Prepared com-
pounds in the present study were investigated for its In Vitro
action as anti-HCV using the hepatocellular carcinoma
HepG2 cell line infected with the hepatitis-C virus. During
the last few years, a number of cell culture systems showed
to have the ability to harbor and support reliable and efficient
progression of this virus. Among several human hepatocyte
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cell lines analyzed, the hepatocellular carcinoma HepG2 cell
line was found to be most susceptible to the HCV infection.
On the other hand, monitoring of the HCV viremia pre- and
post-antiviral therapy through the detection of viral (+)
and/or (=) RNA strands by the use of qualitative reverse
transcription-polymerase chain reaction (RT-PCR) has
become the most frequently-used, reliable and sensitive
technique. Recently, it has been reported that the detection
of the (-) strand HCV-RNA using the RT-PCR is a very
important tool for understanding the life cycle of the HCV
and provides a reliable marker for the diagnosis of HCV and
monitoring the viral response to antiviral therapy.

Based on these facts, the adopted method in the present
study contributes to the simultaneous detection of the (+)
and/or (-) HCV-RNA strands in HepG2 hepatoma cells
infected with HCV. Inhibition of viral replication were
detected by amplification of viral RNA segments using the
RT-PCR technique, both in the cultivated cells alone (as a
positive control) and in the presence of variable concentra-
tions of the test compounds at optimal temperature. The test
compound is considered to be active when it is capable of
inhibiting the viral replication inside the HCV-infected
HepG2 cells, as evidenced by the disappearance of the (+)
and/or (=) strands viral RNA-amplified products detected by
the RT-PCR (compared with the positive control).

Using the same method HCV replication were examined
in peripheral blood cells from 10-20 HCV infected patients
before and after subjected their cells in an In Vitro culture to
different concentrations of the prepared compounds in the
present proposal.

Example 3

Flow cytometry analysis of intracellular staining of HCV
core antigen in infected HepG2 cells: The intracellular
staining of HCV core antigen in HCV infected HepG2 cells
were quantified before and after incubation with the different
concentrations of the test compounds by using a fluores-
cence activated cell sorting (FACS) based assay. Intracellu-
lar staining labeling was performed by direct immunofluo-
rescence. HepG2 cells (collected after addition of trypsin)
were centrifuged and supernatants were removed. Cell pel-
lets were washed 4 times with PBS. For intracellular stain-
ing, cells were incubated with 4% paraformaldehyde for 10
min and 0.1% Triton X-100 in Tris buffer (pH 7.4) for 6 min.
After washed with PBS, cells were incubated with FITC-
labeled F (ab)2 portion of HCV core antibody (at 1:2000
dilutions or according to previous standardization) for 30
min at 4° C. Cells were washed with PBS containing 1%
normal goat serum and suspended in 500 pl and were
analyzed by flow cytometry (FACS Calibure, BD). Mean
fluorescence intensity were determined using Cell Quest
software (Becton Dickinson)

Example 4

Synthesis of Chitosan Grafted
Poly(Lactic-Co-Glycolic Acid) (PLGA)
Nanoparticles

Synthesis of chitosan grafted PLGA nanoparticles using a
modification a double emulsion-diffusion-evaporation tech-
nique described by Kumar et al (25). Thus, with slight
modification of this method we have already demonstrated
our ability to synthesis chitosan grafted PLGA nanopar-
ticles. Thus, using emulsion technique we can synthesis
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nanoparticles of size of around ~250 nm in diameter. The
size of the nanoparticles is determined using dynamic light
scattering (DLS) (FIG. 1).

Example 5

Cellular Uptake of Chitosan Grafted PLGA
Nanoparticles

Cell Culture: HepG2 cells grown in Eagle’s Minimum
Essential Medium (EMEM) (Invitrogen, Grand Island, N.Y.)
supplemented with 10% fetal calf serum (Atlanta Biologi-
cals, Lawrenceville, Ga., USA). Penicillin/streptomycin
(1%) was also present in the culture media (Invitrogen,
Grand Island, N.Y., USA). The cells were trypsinized,
subjected to centrifugation, and then the cell pellet was
resuspended in suitable media. An aliquot (1 mL) of the
suspension was transferred to a 35-mm glass bottom culture
dishes (MatTek Corp., Ashlan, Mass., USA), and the cells
incubated for 24 hours (hrs) at 37° C. under a 5% CO,
atmosphere (Thermo Electron Corp., Forma Series II).

Confocal Imaging: HepG 2 cells cultured as described
above and treated with Cy3 dye-labeled chitosan grafted
PLGA nanoparticles (37° C., 5% CO,) for 2 hrs. After 2 hrs,
cells were washed several time with phosphate buffered
saline (PBS), and then fixed in 1% formaldehyde (Sigma, St.
Louis Mo., USA). Confocal images were taken using a Leica
TCS SP5 confocal microscope equipped with a 63x(NA=1.3
glycerol immersion) objective, a 543 nm excitation wave-
length and an emission filter for detection between 555 nm
and 620 nm (FIG. 2).

Example 6

We synthesized three different polymeric nano-formula-
tions, as listed below. The invention combines known poly-
merase inhibitor such as (Compound A) Isopropyl (25)-2-
[(2R,3R, 4R, 5R)-5-(2,4-dioxopyrimidin-1-yl)-4-fluoro-3-
hydroxy-4-methyl-tetrahydrofuran-2-yl|methoxy-phenoxy-
phosphoryllamino]|propionate ~ with  known  protease
inhibitor such as (Compound B) 1-[(2R,3R,4S,5R)-3,4-di-
hydroxy-5-(hydroxymethyl)oxolan-2-yl]-1H-1,2,4-triazole-
3-carbox amide at 500 mg and 1000 mg were co-encapsu-
lated in the nanoparticles along with IFNy, with anti-fibrotic/
anti-hemolytic agents’ combination of naturally driven
Polyphenol/Thiols, and Non-anticoagulant GAGs.

1. cross-linked polyvinyl pyrrolidone (PVP) hydrogel

nanoparticles

2. alginate-chitosan nanoparticles

3. chitosan grafted poly(lactic-co-glycolic acid) (PLGA)

nanoparticles

The nanoparticles were synthesized and characterized
using dynamic light scattering (DLS) and transmission elec-
tron microscopy (TEM). Uptake of the nanoparticles was
examined in the human hepatocellular HepG2 cell line using
confocal microscopy. Based on in vitro release kinetics,
entrapment efficiency and in vitro uptake in HepG2 cells, the
three most effective formulations were chosen for further
studies.

Example 7
Synthesis of Alginate-Chitosan Nanoparticles
Alginate-chitosan nanoparticles encapsulating IFN y were

synthesized using the ionic gelation method (33-34). Low
viscosity sodium alginate and low molecular weight chito-
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san were used for the synthesis of the nanoparticles. The
alginate solution was prepared in deionized water; the
chitosan solution was prepared in 1% v/v acetic acid. The pH
of both solutions were adjusted to approximately 6.0, and
the solutions were filtered (0.22 um pore size) prior to use.
Nanoparticles were prepared under sterile conditions by
mixing appropriate volumes of 0.005% (w/w) sodium alg-
inate and IFN followed by the addition of 1% (w/w) chitosan
under stirring for 2 hours (hrs) at room temperature. The
amount of IFN was adjusted until we achieve maximum
loading efficiency. Nanoparticles were characterized by
DLS, zeta size and TEM. For co-encapsulation of Sofosbu-
vir, ribavirin with or without IFN y, an appropriate amount
of Sofosbuvir and ribavirin were added to the solution along
with IFN vy.

Example 8

Synthesis of hybrid cross-linked PVP hydrogel nanopar-
ticles: Nanoparticles encapsulating IFN were synthesized by
in situ polymerization of various monomers, as described
below. Polymerization reactions were carried in a reverse
micelle environment. Sodium bisethylhexylsulphosuccinate
or aerosol OT (AOT; Sigma Aldrich, St. Louis, Mo., USA)
were used as a surfactant for micelle formation. Surfactant
(either sodium bisethylhexylsulphosuccinate or AOT) were
dissolved in n-hexane (typically 0.03M to 0.1M AOT in
hexane). Aqueous solutions of monomer were added
together with the cross-linking reagent N N' methylenebi-
sacrylamide (MBA), the initiator ammonium persulphate
(APS), the activator ferrous ammonium sulphate (FAS), and
where indicated, an aqueous solution of IFN. The polymer-
ization reaction was carried out in the presence of N, gas.
The monomers to be tested are vinylpyrrolidone (VP),
N-isopropylacrylamide (NIPAAM) and N-3 aminopropylm-
ethylacrylamide (APAAM). For co-encapsulation, taribavi-
rin were added along with IFN to the reverse micelles. To
initiate the polymerization reaction, we were use 15 ul of a
saturated solution of APS (2% w/w of monomers) and 20 pl
of a 0.05% wi/v solution FAS (0.07% w/w of monomers).
The reaction was allowed to proceed at room temperature
for 2-3 hrs.

Example 9
Synthesis of Chitosan Grafted PLGA Nanoparticles

Chitosan grafted PL.GA nanoparticles were prepared by a
modification of a method originally described by Kumar et
al (25). In brief, this double emulsion-diffusion-evaporation
technique of synthesis of nanoparticles is as follows: 50 mg
of PLGA were dissolved in 2 mL of ethyl acetate, and then
200 ul of a solution of IFN were added. The mixture were
sonicated for 5 seconds using a probe sonicator, and then the
emulsion were immediately be added to an aqueous stabi-
lizer mixture, containing 100 mg of polyvinyl alcohol (PVA)
and 10 mg of chitosan in 10 ml of water, drop wise with
stirring. The entire solution was sonicated again for approxi-
mately 10 seconds using a probe sonicator. The emulsion
was stirred at room temperature for 1 hr, and then the organic
phase was removed using a rotatory evaporator. For co-
encapsulation of taribavirin, an appropriate amount of
taribavirin was added along with IFNy during the synthesis
step.

Example 10
Entrapment Efficiency

Entrapment efficiency for IFNy and taribavirin were deter-
mined by filtering a known amount of the nanoparticles
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through a 0.1 um filter membrane to separate free IFN and
taribavirin. The amount of active IFN was determined using
the Bioplex system, available at PRI; the amount of tariba-
virin was determined using high performance liquid chro-
matography (HPLC). Entrapment efficiency (E %) were
determined based on the total concentration of drug (IFNy or
taribavirin) in the system (free+encapsulated; [Drug],) and
the concentration of drug in the filtrate ([Drug],) using the
following formula:

E %=(([Drug]o-[Drug])/[Drug]o)x100

Example 11

Release Kinetics of IFNy, Ribavirin or Taribavirin
and Sovosbuvir from the Nanoparticles

The in vitro release kinetics of the nanoparticles were
evaluated in phosphate buffered saline (PBS) and fetal
bovine serum (FBS). A defined amount of IFN and tariba-
virin encapsulated in nanoparticles were suspended in 10 ml
of PBS, and the solution was kept at room temperature. At
various time intervals, the solution were vortexed, and an
aliquot (1 mL) of the solution removed and subjected to
centrifugation at 13,000 rpm to separate released drug
(IFNy/taribavirin or ribavirin) from nanoparticle-encapsu-
lated material. The concentration of released drug was
determined by Bioplex assay (for IFNy) and HPLC (for
taribavirin). The percent release of IFNy/ribavirin was deter-
mined according to the following formula:

% Release=([Drug],)/([Drug],)x100

Where [Drug], is the concentration of IFNy or taribavirin
in the supernatant at time t. Similarly, to determine the
release kinetics in FBS, a defined amount of IFNy taribavirin
encapsulated in nanoparticles were suspended in 10 ml of
20% FBS. Release kinetics was analyzed as described for
PBS.

Example 12
Analysis of Particle Size by DLS and TEM

Size distribution of IFN and taribavirin-encapsulated
nanoparticles in an aqueous dispersion were determined
using a Malvern zeta sizer (Malvern Instrumentation Co,
Westborough, Mass., USA). The size and morphology of the
nanoparticles were also examined using a JEOL JEM-
100CX transmission electron microscope.

Example 13

Conjugation of Monoclonal Antibody/TAT
Peptide/p14 Peptide (NS3 Peptide)

A schematic diagram of the nanoparticle conjugation
scheme is shown in FIG. 3. Surface functionalization and
different conjugation chemistries were used to obtain nano-
formulations co-encapsulating IFN and taribavirin, mono-
clonal antibody/TAT Peptide/pl4 peptide (NS3 peptide).
Nanoparticles were conjugated monoclonal antibody/TAT
Peptide/p14 peptide (NS3 peptide) using streptavidin/biotin
chemistry. The three types of nanoparticles described above
contain free amino groups on their surface. Thus, amino-
functionalized nanoparticles can be readily biotinylated
using the appropriate amount of N-hydroxysuccinimidobio-
tin (Sigma-Aldrich, Saint Louis, Mo., USA). monoclonal
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antibody/TAT Peptide/p14 peptide (NS3 peptide) were first
thiolated in side-by-side reactions using Traut’s reagent
(Pierce Biotechnology, Inc., Rockford, Ill., USA) (35-37),
followed by the addition of streptavidin-maleimide (Sigma-
Aldrich) to generate streptavidin-conjugated monoclonal
antibody/TAT Peptide/p14 peptide (NS3 peptide) (FIG. 3).
Thus, nanoparticles can be further subdivide into three
different categories from each above mentioned type of
nanoparticles (based on the targeted moiety): All the nano-
formulations were have co-encapsulating IFN and taribavi-
rin and A) Nanoformulation 1: conjugated to monoclonal
antibody; B) Nanoformulation 2: conjugated to TAT Peptide
and) Nanoformulation 3: conjugated to pl4 peptide (NS3
peptide).

Example 14
In Vitro Efficacy Test

In vitro uptake were determined by confocal microscopy
using dye-labeled nanoparticles. The human hepatocellular
liver carcinoma cell line HepG2 was used, and all of the
nanoparticle formulations described above were conjugated
to Alexa Fluor 488. All of the nanoparticles contain a
sufficient amount of free amino groups on their surface; thus,
we were use the commercially available (Invitrogen Corp,
Carlsbad, Calif., USA) Alexa Fluor 488 N-hydroxysuccin-
imide ester for conjugating the dye to the nanoparticles,
according to the manufacturer’s instructions.

Example 15

Cell Culture: HepG2 cells were grown in Eagle’s Mini-
mum Hssential Medium (EMEM) (Invitrogen, Grand Island,
N.Y., USA) supplemented with 10% fetal calf serum (At-
lanta Biologicals, Lawrenceville, Ga., USA). Penicillin/
streptomycin (1%) was also present in the culture media
(Invitrogen). The cells were trypsinized and collected by
centrifugation, and then the cell pellet was resuspended in
suitable media. An aliquot (1 mL) of the cell suspension
were transferred to 35-mm glass-bottom culture dishes
(MatTek Corp., Ashlan, Mass., USA) and the cells were
allowed to incubate for 24 hrs at 37° C. in a 5% CO,
atmosphere (Thermo Electron Corp., Forma Series II).

Example 16

Confocal Imaging: HepG2 cells were incubated with
dye-labeled nanoparticles at 37° C., 5% CO, for pre-deter-
mined periods of time. After each specific time interval (1,
2, 4, and 6 hrs.), the plates were washed several times with
PBS and then the cells were fixed in 1% formaldehyde
(Sigma-Aldrich). Confocal images were taken using a Leica
TCS SPS5 confocal microscope equipped with a 63x objec-
tive (NA=1.3 glycerol immersion). Excitation was at 405 nm
and was detected between 508 nm and 530 nm. Based on the
results obtained from size measurement, release kinetics,
entrapment efficiency and confocal imaging, 2 nanoformu-
lations from each category (3x3=9) were selected for further
studies.

Example 17
Cell Cycle Effect of the Prepared Compounds

HepG2 cells were washed twice in RPMI11640 (Cambrex)
supplemented with 200 uM L-glutamine (Cambrex) and
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2504 HEPES buffer (Cambrex), and then suspended at a
density of 2x10° cells/ml in RPMI culture media (RPMI
supplemented with 10% FBS (Gibco-BRIL/Invitrogen,
Carlsbad, Calif.,, USA). Cells were allowed to adhere to
6-well polystyrene plates for 24 hrs at 37° C. under 5% CO,,
95% humidity. After 24 hrs. the cells were washed twice to
remove debris and dead cells using RPMI supplemented
media. Different concentrations (100, 50, 20, 10 or 5 pm/ml)
of each prepared compound were added to the plates.
Positive and negative control cultures were included. Cul-
tures were incubated for 72 hrs at 37° C., 5% CO,, 95%
humidity. To determine the effect of the compounds on the
cell cycle, adherent control and treated cells were detached
from the plate using 1 mL of trypsin: EDTA (200 mg/L.
EDTA, 500 mg/L trypsin; 1:250) for 1-3 minutes, and then
trypsin were inhibited by the addition of 5 ml. of RPMI
culture media. The cells were scraped and collected in a 15
ml falcon tube, then washed twice using RPMI supple-
mented media, followed by washing once in PBS. After each
wash, cells were collected by centrifugation at 1000 rpm for
5 minutes. Cells were resuspended in 1 ml of propidium
iodide (PI; Sigma) (50 ml/L. in 0.1% sodium citrate, 01%
triton X-100), and then incubated in the dark at 4° C. for at
least 60 minutes. The cell cycle effect of the compounds on
HepG2 cells were examined by FACS Calibur flow cytom-
etry (BD Bioscience, San Diego, Calif., USA) and data were
analyzed using MODFit (BD Bioscience).

Example 18
Qualitative In Vitro Anti-HCV Screening

Compounds were investigated for their activity in vitro as
anti-HCV agents using HepG2 cells infected with HCV.
Among several human hepatocyte cell lines analyzed,
HepG2 cells found to be the most susceptible to HCV
infection. Detection of positive (+) and/or negative (-) viral
RNA strands by qualitative reverse transcription-polymerase
chain reaction (RT-PCR) has become the most frequently-
used, reliable and sensitive technique for monitoring HCV
viremia pre- and post-antiviral therapy. Recently, it was
shown that detection of (-) strand HCV mRNA using
RT-PCR is a very important tool for understanding the life
cycle of HCV, and provides a reliable marker for the
diagnosis of HCV and for monitoring viral response to
antiviral therapy. The method adopted for the current study
allows for simultaneous detection of (+) and/or (=) strand
HCV mRNA in HepG2 cells infected with HCV. Viral
replication were detected by amplification of specific viral
RNA segments using RT-PCR from cells cultivated alone (as
a positive control) and in the presence of variable concen-
trations of test compound at optimal temperature. The test
compound were considered active when it is capable of
inhibiting viral replication in HCV-infected HepG2 cells, as
evidenced by the disappearance of amplified (+) and/or (-)
strand viral mRNA products (as compared to the positive
control). Using the same method, HCV replication were
examined in peripheral blood cells isolated from 10-20
HCV-infected patients before and after the cells are cultured
in vitro in the presence of different concentrations of pre-
pared compounds.

Example 19

Flow Cytometry Analysis of Intracellular HCV
Core Antigen in Infected HepG2 Cells

The presence of intracellular HCV core antigen in HCV
infected HepG2 cells were quantified before and after incu-
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bation with different concentrations of test compounds using
fluorescence activated cell sorting (FACS). Intracellular
localization of HCV core antigen was carried out using
direct immunofluorescence staining HepG2 cells (after
trypsinization) were collected by centrifugation, and the
supernatants were removed. Cell pellets were washed 4
times with PBS. For intracellular staining, cells were incu-
bated in 4% paraformaldehyde for 10 minutes, followed by
0.1% Triton X-100 in Tris buffer (pH 7.4) for 6 minutes.
After washing with PBS, cells were incubated with FITC-
labeled anti-HCV core antibody (F (ab)2 portion; 1:2000
dilution, or as determined by prior standardization) for 30
minutes at 4° C. Cells were washed with PBS containing 1%
normal goat serum, resuspended in 500 ul., and then ana-
lyzed by flow cytometry (FACS Calibur, BD). Mean fluo-
rescence intensity were determined using Cell Quest soft-
ware (Becton Dickinson).

Aim 3: The immunodeficient uPA mouse model were used
to determine the in vivo efficacy of nanoformulations incor-
porating IFN and taribavarin The uPA/SCID mouse model is
one of the models most closely related to human physiology,
as the humanized liver contains as high as 75% human
hepatocytes. Thus, this model has tremendous potential to
serve as a bridge between the in vitro work and clinical
research.

Example 20

Chimeric uPA-SCID mice engrafted with human hepato-
cytes were used to determine the in vivo efficacy of selected
nanoformulations. The uPA-SCID mice engrafted with
human hepatocytes were generated. Mice were maintained
in a barrier facility in HEPA-filtered racks. The animals were
fed a sterilized laboratory rodent diet.

Treatments: Mice that are infected with HCV were treated
with the best from the nanoformulation chosen from each
category of the nanoformulation 1, 2 or 3 or controls (see
below), by intraperitoneal injection of the optimum dose
every other day for 14 days. To determine anti-HCV efficacy,
a pilot study was performed to determine the optimum dose
needed in the mouse model. Blood samples were collected
from the tail vein in every other day for 10 days after the
conclusion of treatment. The animals were divided into the
following experimental groups:

Treatment Groups

1. Control animals; untreated, n=10

2. Control animals; n=10, void nanoparticle (formulation
1y

3. Control animals; n=10, void nanoparticle (formulation
2)

4. Control animals; n=10, void nanoparticle (formulation
3)

. Control animals; IFNy alone

. Control animals; n=10 ribavirin alone.

. Control animals; n=10 Sofosbuvir alone
. Test animals: n=10, nanoformulation 1

9. Test animals: n=10, nanoformulation 2

10. Test animals: n=10, nanoformulation 3

HCV viremia in the blood samples before and after
administration of nanoformulations (or controls) were moni-
tored by detection of (+) and/or (-) viral mRNA using
RT-PCR.

O~ N

Example 21
Statistical Analysis

Values were computed for individual animals and for
groups of animals, and differences between groups were
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analyzed using the Student’s t-test or Mann Whitney-U test
based on the distribution of data. Mean values for each
treatment group were derived by combining single experi-
mental values for each animal within the group. ANOVA
were used to test differences among several treatment group
means. A P value <0.05 was considered statistically signifi-
cant.

In vitro and in vivo studies identified 2'-Cmethylcytidine
prodrugs of a polymerase inhibitor that could help treat
HCV. In cell-based assays, the prodrugs inhibited HCV
NS5B polymerase with 10- to 200-fold better potency than
the parent compound. In hamsters and rats, subcutaneous
administration of the prodrug led to accumulation of the
active compound in the liver without the generation of toxic
metabolites.

Example 22
Galactosylated Solid Lipid Nanoparticles: (SLN)

Preparations (I): 100 mg Lactobionic acid calcium salt/5
ml D.D.H,O, 150 mg N-Hydroxysuccinimide (NHS), 150
mg N-(3-Dimethyl amino propyl)-N'-ethyl-carbodiimide
hydrochloride, Mixing them together and stirring were done
for 1 hr. and then 100 mg Hexadecylamine was added

Preparations (II): 1.5 g Lecithin, 10 ml Pluronic F68, 5 ml
Tween 80, Mix and complete them to 100 ml DD.H,0, and
Stirring for 72 hrs.

While particular embodiments of the present invention
have been described herein for purposes of illustration,
many modifications and changes will become apparent to
those skilled in the art. Accordingly, the appended claims are
intended to encompass all such modifications and changes as
fall within the true spirit and scope of this invention.

What is claimed is:

1. A composition, comprising a Nanoformulation, said
Nanoformulation comprising:

a protease inhibitor;

a polymerase inhibitor;

one or more anti-fibrotic and/or anti-hemolytic agents

comprising one or more Polyphenols and/or one or
more Thiols; and

one or more non-anticoagulant glycosaminoglycans

(GAGsS).

2. The composition of claim 1, wherein the protease
inhibitor is 1-[(2R,3R,4S,5R)-3,4-dihydroxy-5-(hydroxym-
ethyl)oxolan-2-yl]-1H-1,2.4-triazole-3-carbox.

3. The composition of claim 1, wherein the Nanoformu-
lation includes Galactosylated Solid Lipid Nanoparticles
(SLN), with targeting to hepatitis C virus (HCV) and/or the
liver.

4. The composition of claim 1, wherein the Nanoformu-
lation includes Chitosan cross-linked with alginate or Chi-
tosan cross-linked with Hyaluronic acid, with targeting to
hepatitis C virus (HCV) and/or the liver.

5. The composition of claim 1, wherein the polymerase
inhibitor is Sofosbuvir.

6. The composition of claim 1, wherein the one or more
anti-fibrotic and/or anti-hemolytic agents comprise epigal-
locatechin gallate (EGCG) and/or N-acetyl Cysteine.

7. The composition of claim 1, wherein the non-antico-
agulant GAGs comprise sulfated Oligosaccharide with a
molecular weight of 4,000-6,000 Daltons.

8. The composition of claim 1, wherein the one or more
Polyphenols and/or one or more Thiols are derived from
natural sources.
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9. A method of treating a hepatitis C virus (HCV) infec-
tion in an animal, comprising:

administering to the animal a therapeutic dose of the

composition of claim 1 to treat the animal for the HCV
infection.

10. The method of claim 9, wherein the animal is a human
being.

11. A composition, comprising:

ribavirin or taribavirin;

a polymerase inhibitor;

one or more anti-fibrotic and/or anti-hemolytic agents

comprising one or more Polyphenols and/or one or
more Thiols; and

one or more non-anticoagulant glycosaminoglycans

(GAGsS).

12. The composition of claim 11, wherein the composition
comprises the ribavirin.

13. The composition of claim 11, wherein the polymerase
inhibitor is Sofosbuvir.

14. The composition of claim 11, wherein the one or more
anti-fibrotic and/or anti-hemolytic agents comprise epigal-
locatechin gallate (EGCG) and/or N-acetyl Cysteine.

15. A method of treating a hepatitis C virus (HCV)
infection in an animal, comprising:

administering to the animal a therapeutic dose of the

composition of claim 11 to treat the animal for the HCV
infection.
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16. The method of claim 15, wherein the animal is a
human being.

17. A composition, comprising:

ribavirin or taribavirin;

a polymerase inhibitor; and
one or more anti-fibrotic and/or anti-hemolytic agents com-
prising one or more Polyphenols and/or one or more Thiols,

wherein the composition comprises a Nanoformulation

that includes the ribavirin or taribavirin, the polymerase
inhibitor, and the anti-fibrotic and/or anti-hemolytic
agents.

18. The composition of claim 17, wherein the Nanofor-
mulation includes Galactosylated Solid Lipid Nanoparticles
(SLN), with targeting to hepatitis C virus (HCV) and/or the
liver.

19. The composition of claim 17, wherein the Nanofor-
mulation includes Chitosan cross-linked with alginate or
Chitosan cross-linked with Hyaluronic acid, with targeting
to hepatitis C virus (HCV) and/or the liver.

20. The composition of claim 17, further comprising:

one or more non-anticoagulant glycosaminoglycans

(GAGS).

21. A method of treating a hepatitis C virus (HCV)
infection in a human being, comprising:

administering to the human being a therapeutic dose of

the composition of claim 17 to treat the human being
for the HCV infection.
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