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Colorectal cancer (CRC) is the third most common cancer in the world and the

second most common cause of cancer related deaths. Conventional treatment

of CRC is comprised of drug (chemotherapeutic agents) administration by

parenteral route, which delivers the drug to both normal as well as cancerous

tissues, thus leading to numerous undesirable effects. Enormous research is

going on worldwide for designing an alternative route of administration,

among which oral colon-targeted drug delivery systems have gained immense

attention amongst scientific community. Direct delivery of drugs at the site of

action leads to an increase in the availability of drugs at the targeted region.

This causes a reduction in the amount of drug required to exert same

therapeutic effect, thus reducing the incidents of adverse effects. Various

maneuvers (pH-dependent, time-dependent and microflora-activated

systems) have been attempted by researchers for targeting drugs successfully

to the colonic region by circumventing the upper part of gastrointestinal

tract. This Editorial article aims to put forth an overview of the formulation

technologies that have been developed for attaining colon specific drug

delivery for the treatment of CRC.

Keywords: anti-cancer agent, chemotherapy, colon cancer, colon targeting, particulate drug

delivery, receptor mediated transport
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1. Introduction

Drug targeting is a useful tool for achieving selective and efficient delivery of active
moiety at the anticipated site of action with minimized unwanted side effects.
Colon-specific drug delivery system (CoDDS) has been attaining tremendous
curiosity among scientific community. CoDDS denotes targeted delivery of active
moiety to the lower part of gastrointestinal tract (GIT), that is, large intestine.
CoDDS can be achieved either by rectal (suppositories and enemas) or oral admin-
istration of drugs. The latter is more preferred as the rectal routes displays high
variability with respect to drug distribution. As far as oral route of administration
is concerned, the conventional formulation will get dissolved in stomach and small
intestine, thus leading to absorption of drugs from the respective sites. Hence, in
order to achieve a successful oral CoDDS, the key area of concern is to overcome
the absorption and degradation of drug in upper part of GIT. CoDDS has found
its application for the treatment of both local diseases (viz., colon cancer, inflamma-
tory bowel disease [IBD], irritable bowel syndrome [IBS] and so on) as well as for
systemic delivery of proteins, peptides (viz., vasopressin, insulin, calcitonin, etc.)
and vaccines [1]. Further, CoDDS has been reported to be useful for chronotherapy
of various diseases like cardiac arrhythmias, rheumatoid arthritis, hypertension, noc-
turnal asthma, inflammation and angina pectoris [2]. This Editorial aims to put forth
an overview of the formulation technologies that have been developed for attaining
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CoDDS for the treatment of colorectal cancer (CRC) and not
to provide a comprehensive review on drug delivery.

2. Colorectal cancer

CRC is the third most common cancer in the world and the
second most common cause of cancer-related deaths [3]. In
the USA, other than skin cancer, CRC was diagnosed as the
third most common cancer in both men and women. It has
been reported that estimated new CRC cases and deaths in
the USA in 2014 will be 136,830 and 50,310, respectively [4].
Further, as occurrence of CRC is most frequent in countries
like North America, Australia, New Zealand, Japan and West-
ern Europe, it is considered to be a disease of affluence [5]. In
India too, an increasing drift of CRC rates have been depicted
through population based time trend studies. Bothersome are
the studies which reports; Indians who have migrated to USA
and UK are more prone to CRC. This could, thus, be attrib-
uted to modified dietary habits and lifestyles [6].
The development of CRC takes place slowly over a period

of 10 -- 15 years. Initially a noncancerous polyp develops on
the lining of colon or rectum that can further grow as cancer-
ous tissue. Adenomatous polyps (also called as adenomas) are
certain kinds of polyps that are likely to become cancerous,
although less than 10% of adenomas progresses to cancers.
It has been reported that adenomas are common and about
one-third to one-half of individual develops one or more ade-
nomas. Further, about 96% of CRC are adenocarcinomas,
evolving from glandular tissues. Most of these CRC ascends
from adenomatous polyps. Once the commencement of
growth of cancer takes place in the colonic region, it can fur-
ther propagate through the lining and into the walls of the
colon and rectum. Cancers propagated through walls can

spread to distant parts (lungs, liver, abdominal cavity or
ovary) of the body via blood or lymph vessels (this process is
known as metastasis). Early stage of CRC often has no symp-
toms, leading to progression of disease. Figure 1 shows some of
the warning signs that depict risks of CRC. Further, several
factors, both modifiable and nonmodifiable, exist that can
either intensify or reduce the risk of CRC (Figure 2) [7-12].

Currently depending on the stage of cancer, CRC is been
treated either by chemotherapy, surgery, radiation therapy or
by immunotherapy. Further, it is a well-known fact that the
conventional dosage form when used for the treatment of
CRC delivers the drug to both normal and cancerous tissues,
thus leading to undesirable adverse effects. Hence, targeted or
site-specific delivery of drugs to the colonic region is gaining
remarkable interest among scientific community. Direct deliv-
ery of drugs at the site of action leads to increment in availabil-
ity of drugs at the targeted site, which further results into
reduction in the amount of drug required to exert same thera-
peutic effect, thus reducing the incidents of adverse effects. The
most commonly used drug candidates for the treatment of
CRC comprises of 5-fluorouracil (5-FU), leucovorin, oxalipla-
tin and capecitabine. Moreover, apart from these, other drug
candidates that have been reported to play a significant role
in prevention of CRC are meloxicam, curcumin, valdecoxib,
resveratrol, indomethacin and celecoxib [5,13].

3. Getting in to the colon: targeting CRC

Since the past two decades, remarkable research is going on in
the field of oral CoDDS. A majority of these findings are
focused on localized targeting of active moieties to the colonic
region for the treatment of diseases like CRC, IBD, IBS, etc.
The principal approaches applied for achieving localized

Dark- or black-colored stools

Unintentional weight loss

Cramping pain in the lower stomach

A feeling of discomfort or an urge to have a bowel
movement when there is no need to have one

A change in the shape of the stool

Blood in the stool or in the toilet after having a bowel
movement

Bleeding from the rectum

New onset of constipation or diarrhea that lasts for
more than a few days

Figure 1. Warning signs depicting colorectal cancer.
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targeting to colonic region were pH-dependent systems, time-
dependent systems and microbially and/or enzymatically
driven drug delivery systems (consisting of biodegradable
polymers [polysaccharides] and prodrugs-based CoDDS) [14].
As far as commercial availability is concerned, pH-dependent
systems are supremely existing products. In this system, the
formulation is been coated with enteric polymers (pH depen-
dent), which protects the drug in the upper part of the GIT.
However, the drawback associated with this system is that it
lacks site-specific delivery of drug, which may either lead to
no release in colonic region or premature release of drug in
small intestine. In case of time-dependent systems, the site
of preliminary drug release depends on the transit time of
GIT. Despite the relatively constant small intestinal transit
time (3 -- 4 h), the gastric emptying time is highly variable
and owing to this there are chances of either early drug release
in small intestine or a deferred release of drug far down in the
transverse colon. Microbially and/or enzymatically driven
drug delivery systems is considered as the most accurate and
precise strategy for achieving colon targeting of drugs. These
systems employ the ecosystem of the specific microflora pres-
ent in the colonic region. Naturally occurring polysaccharides
are the most commonly used carriers that are specifically
hydrolyzed by the microflora of colonic region. Unfortu-
nately, due to hydrophilic nature of majority of natural poly-
saccharides, controlling the release of drug from these material
possess a key challenge. As, as discussed, no single system is
found to be precise and accurate enough to deliver active moi-
ety into the colonic region, recently, a novel concept of using
di-dependent drug delivery system has been proposed. In
these systems, two factors, that is, pH and time, and pH
and microflora of the colon controls the release of

drug [15,16]. The formulation technologies that have been
developed for the treatment of CRC are summarized
in Table 1. In order to understand the maneuver of developed
CoDDS for the treatment of CRC, the readers are requested
to have thorough knowledge pertaining to different
approaches used for colon targeting [1,2,16].

4. Expert opinion

CoDDS has proved its potential and has grown by leaps and
bounds for the treatment of both local diseases and systemic
therapies. The successful development of CoDDS encom-
passes usage of a triggering mechanism for delivery of drugs
that answers only to the physiological conditions made
available by the colonic region. Among the three primary
approaches used for achieving CoDDS, microbially and/or
enzymatically driven drug delivery systems seems to be more
encouraging as it offers a unique advantage of sudden incre-
ment in bacterial population and associated enzyme activity
in the colon (a noncontinuous event independent of GI transit
time). Taking into accounts the above-mentioned facts of the
microbially and/or enzymatically driven systems, among the
two di-dependent approaches, the amalgamation of pH and
microflora seems to be the supreme promising one. Further,
despite such a massive amount of research work being reported
in the pharmaceutical literature for achieving colon targeting
of drugs by oral route, unfortunately very few of them have
thrived in reaching the doors of clinical phase (the details of
which have been discussed elsewhere) [16].

Currently, enormous research is going on worldwide for
designing of oral CoDDS for localized treatment of CRC
using anticancer agents (e.g., 5-FU, oxaliplatin, etc.).

Non-
modifiable

CRC
Risk

factors
Modifiable

Personal or
family history

of CRC

Personal
history of chrinic

IBD
Smoking

Moderate-
to-heavy
alcohol

consumption

Physical
inactivity

Obesity

High consu-
mption of 

red or
processed

meats

Figure 2. Factors intensifying or reducing the risk of CRC.
CRC: Colorectal cancer; IBD: Inflammatory bowel disease.

Getting into the colon

Expert Opin. Drug Deliv. (2014) 11(9) 1345

http://informahealthcare.com/journal/EDD


T
a
b
le

1
.
R
e
ce
n
tl
y
d
e
v
e
lo
p
e
d
co

lo
n
-s
p
e
ci
fi
c
d
ru
g
d
e
li
v
e
ry

sy
st
e
m

fo
r
th
e
tr
e
a
tm

e
n
t
o
f
co

lo
re
ct
a
l
ca
n
ce
r.

A
p
p
ro
a
ch

T
y
p
e
o
f
d
o
sa
g
e

fo
rm

D
e
sc
ri
p
ti
o
n

D
ru
g
ca
n
d
id
a
te

e
v
a
lu
a
te
d

R
e
f.

p
H
-d
e
p
e
n
d
e
n
t

sy
st
e
m
s

E
n
te
ri
c-
co
a
te
d

ca
p
su
le

fi
lle
d
w
it
h

S
M
E
D
D
S

C
u
rc
u
m
in
-l
o
a
d
e
d
FS
M
E
D
D
S
w
a
s
p
re
p
a
re
d
in

o
rd
e
r
to

im
p
ro
ve

it
s

so
lu
b
ili
ty

a
n
d
a
ch
ie
ve

co
lo
n
ic
ta
rg
e
ti
n
g
.
T
h
is
sy
st
e
m

w
a
s
fu
rt
h
e
r

fi
lle
d
in
to

a
ca
p
su
la
r
sy
st
e
m
,
co
a
te
d
w
it
h
E
u
d
ra
g
it
�
S
1
0
0
.
T
h
e

o
p
ti
m
iz
e
d
fo
rm

u
la
ti
o
n
co
n
si
st
s
o
f
5
7
.5
%

C
re
m
o
p
h
o
r�

E
L,

3
2
.5
%

T
ra
n
sc
u
to
l�

H
P
,
1
0
%

C
a
p
ry
o
l�

9
0
,
a
n
d
fo
la
te
-p
o
ly
e
th
yl
e
n
e

g
ly
co
l-
ch
o
le
st
e
ry
l
h
e
m
is
u
cc
in
a
te

(i
n
sm

a
ll
a
m
o
u
n
t)
.
T
h
e
in

vi
tr
o
d
ru
g

re
le
a
se

st
u
d
ie
s
re
ve
a
le
d
th
a
t
th
e
p
re
p
a
re
d
fo
rm

u
la
ti
o
n
co
u
ld

d
e
liv
e
r

th
e
d
ru
g
e
ff
ic
ie
n
tl
y
to

th
e
co
lo
n
ic
re
g
io
n
.
C
e
ll
u
p
ta
k
e
st
u
d
ie
s
d
e
p
ic
ts

th
a
t
th
e
sy
st
e
m

co
u
ld

b
in
d
e
ff
ic
ie
n
tl
y
w
it
h
th
e
fo
la
te

re
ce
p
to
rs
.

C
u
rc
u
m
in

[1
8
]

N
a
n
o
g
e
ls

A
m
e
th
a
cr
yl
ic

a
ci
d
a
n
d
2
-e
th
yl

h
e
xy
l
a
cr
yl
a
te

co
p
o
ly
m
e
rs

w
e
re

p
re
p
a
re
d
b
y
m
ic
ro
e
m
u
ls
io
n
p
o
ly
m
e
ri
za
ti
o
n
te
ch
n
iq
u
e
.
D
ru
g

e
n
tr
a
p
m
e
n
t
w
it
h
in

th
e
p
o
ly
m
e
ri
c
b
a
ck
b
o
n
e
w
a
s
a
ch
ie
ve
d
u
si
n
g

so
lv
e
n
t
e
va
p
o
ra
ti
o
n
m
e
th
o
d
.
In

vi
tr
o
d
ru
g
-r
e
le
a
se

st
u
d
ie
s
re
ve
a
le
d

p
H

d
e
p
e
n
d
e
n
t
re
le
a
se

o
f
d
ru
g
in

a
su
st
a
in
e
d
m
a
n
n
e
r.
T
h
e
ce
ll

p
ro
lif
e
ra
ti
o
n
a
ss
a
y
p
e
rf
o
rm

e
d
u
si
n
g
H
C
T
-1
1
6
ce
ll
lin
e
s
re
ve
a
le
d
th
a
t

th
e
p
re
p
a
re
d
fo
rm

u
la
ti
o
n
d
e
m
o
n
st
ra
te
d
si
g
n
if
ic
a
n
t
cy
to
to
xi
c
e
ff
e
ct

co
m
p
a
re
d
w
it
h
fr
e
e
5
-F
U
.

5
-F
U

[1
9
]

p
H

a
n
d
ti
m
e
-d
i-

d
e
p
e
n
d
e
n
t

sy
st
e
m
s

M
ic
ro
p
a
rt
ic
u
la
te

sy
st
e
m

A
d
u
a
lly

co
a
te
d
d
ru
g
-l
o
a
d
e
d
m
ic
ro
p
a
rt
ic
u
la
te

sy
st
e
m

w
a
s
p
re
p
a
re
d

u
si
n
g
a
ti
m
e
-
a
n
d
p
H
-d
e
p
e
n
d
e
n
t
a
p
p
ro
a
ch
.
P
o
ly
-"
-c
a
p
ro
la
ct
o
n
e
w
a
s

e
va
lu
a
te
d
a
s
ti
m
e
-d
e
p
e
n
d
e
n
t
co
a
t
a
n
d
E
u
d
ra
g
it
�
S
1
0
0
a
s

p
H
-d
e
p
e
n
d
e
n
t
co
a
t.
In

vi
tr
o
d
ru
g
re
le
a
se

st
u
d
ie
s
re
ve
a
le
d
th
a
t
th
e

d
o
u
b
le

co
a
t
p
ro
vi
d
e
s
a
sa
ti
sf
a
ct
o
ry

p
ro
te
ct
io
n
re
q
u
ir
e
d
fo
r
a
ch
ie
vi
n
g

co
lo
n
ic
ta
rg
e
ti
n
g
.
In

vi
vo

p
h
a
rm

a
co
k
in
e
ti
c
st
u
d
y
re
ve
a
le
d
th
a
t
th
e

m
ic
ro
p
a
rt
ic
le
s
e
n
h
a
n
ce
d
th
e
b
io
a
va
ila
b
ili
ty

o
f
d
ru
g
a
n
d
e
xt
e
n
d
e
d
th
e

d
u
ra
ti
o
n
o
f
d
ru
g
-p
la
sm

a
co
n
ce
n
tr
a
ti
o
n
in

ra
ts
.

C
e
le
co
xi
b

[2
0
]

T
a
b
le
ts

A
re
le
a
se

m
o
d
u
la
te
d
co
lo
n
ta
rg
e
te
d
sy
st
e
m

o
f
m
e
lo
xi
ca
m

fo
r

p
o
te
n
ti
a
l
a
p
p
lic
a
ti
o
n
in

th
e
p
ro
p
h
yl
a
xi
s
o
f
co
lo
re
ct
a
l
ca
n
ce
r
w
a
s

p
re
p
a
re
d
.
D
u
a
lly

co
a
te
d
ta
b
le
ts

co
n
ta
in
in
g
p
o
ly
e
th
yl
e
n
e
o
xi
d
e
a
s

re
le
a
se

re
ta
rd
a
n
t
w
e
re

p
re
p
a
re
d
b
y
d
ir
e
ct

co
m
p
re
ss
io
n
te
ch
n
iq
u
e
.

T
h
e
o
u
t
co
a
t
co
n
si
st
s
o
f
E
u
d
ra
g
it
�
FS

3
0
D
(p
H
-d
e
p
e
n
d
e
n
t
la
ye
r)
a
n
d

in
n
e
r
co
a
t
co
n
si
st
s
o
f
e
th
yl
ce
llu
lo
se

co
n
ta
in
in
g
p
o
ly
e
th
yl
e
n
e
g
ly
co
l

(t
im

e
d
e
p
e
n
d
e
n
t
la
ye
r)
.
In

vi
tr
o
d
is
so
lu
ti
o
n
st
u
d
ie
s
re
ve
a
le
d
th
a
t
th
e

d
e
ve
lo
p
e
d
sy
st
e
m

p
re
ve
n
ts

p
re
m
a
tu
re

d
ru
g
re
le
a
se

in
u
p
p
e
r
p
a
rt
o
f

G
IT
.
In

vi
vo

p
h
a
rm

a
co
k
in
e
ti
c
a
n
d
ro
e
n
tg
e
n
o
g
ra
p
h
y
st
u
d
ie
s
in

ra
b
b
it
s

re
ve
a
le
d
th
a
t
th
e
p
re
p
a
re
d
fo
rm

u
la
ti
o
n
re
m
a
in
e
d
in
ta
ct

u
n
ti
l
it

re
a
ch
e
s
to

th
e
lo
w
e
r
p
a
rt
o
f
G
IT
.

M
e
lo
xi
ca
m

[3
]

M
u
lt
ip
a
rt
ic
u
la
te

sy
st
e
m
s
(p
e
lle
ts
)

A
m
u
lt
ip
a
rt
ic
u
la
te

(p
e
lle
ts
)
sy
st
e
m

d
u
a
lly

co
a
te
d
w
it
h
E
u
d
ra
g
it
�

N
E
3
0
D

(t
im

e
d
e
p
e
n
d
e
n
t
la
ye
r)
a
n
d
E
u
d
ra
g
it
�
FS
3
0
D

(p
H

d
e
p
e
n
d
e
n
t

la
ye
r)
h
a
s
b
e
e
n
d
e
ve
lo
p
e
d
.
P
e
lle
ts

w
e
re

p
re
p
a
re
d
b
y
e
xt
ru
si
o
n
-

sp
h
e
ro
n
iz
a
ti
o
n
te
ch
n
iq
u
e
u
si
n
g
A
vi
ce
l�

P
H
1
0
1
a
s
a
sp
h
e
ro
n
iz
a
ti
o
n

5
-F
U

[2
1
]

5
-F
U
:
5
-f
lu
o
ro
u
ra
ci
l;
C
o
D
D
S
:
C
o
lo
n
-s
p
e
ci
fi
c
d
ru
g
d
e
liv
e
ry

sy
st
e
m
;
FS
M
E
D
D
S
:
Fo
la
te
-m

o
d
if
ie
d
S
M
E
D
D
S
;
G
IT
:
G
a
st
ro
in
te
st
in
a
l
tr
a
ct
;
M
A
M
s:

M
u
co
a
d
h
e
si
ve

m
ic
ro
sp
h
e
re
s;

M
T
X
-F
A
-G

G
N
P
:
M
e
th
o
tr
e
xa
te
-l
o
a
d
e
d
fo
lic

a
ci
d

m
o
d
if
ie
d
g
u
a
r
g
u
m

n
a
n
o
p
a
rt
ic
le
s;

S
M
E
D
D
S
:
S
e
lf
-m

ic
ro
e
m
u
ls
if
yi
n
g
d
ru
g
d
e
liv
e
ry

sy
st
e
m
.

M. M. Patel

1346 Expert Opin. Drug Deliv. (2014) 11(9)

http://informahealthcare.com/journal/EDD


T
a
b
le

1
.
R
e
ce
n
tl
y
d
e
v
e
lo
p
e
d
co

lo
n
-s
p
e
ci
fi
c
d
ru
g
d
e
li
v
e
ry

sy
st
e
m

fo
r
th
e
tr
e
a
tm

e
n
t
o
f
co

lo
re
ct
a
l
ca
n
ce
r
(c
o
n
ti
n
u
e
d
).

A
p
p
ro
a
ch

T
y
p
e
o
f
d
o
sa
g
e

fo
rm

D
e
sc
ri
p
ti
o
n

D
ru
g
ca
n
d
id
a
te

e
v
a
lu
a
te
d

R
e
f.

a
id

a
n
d
H
P
M
C

K
4
M

a
s
a
b
in
d
e
r.
T
h
e
in

vi
tr
o
d
ru
g
re
le
a
se

st
u
d
ie
s

re
ve
a
le
d
th
a
t
th
e
sy
st
e
m

co
a
te
d
w
it
h
1
5
%

w
/w

o
f
in
n
e
r
a
n
d
o
u
te
r

co
a
ti
n
g
le
ve
l
w
a
s
fo
u
n
d
to

b
e
o
p
ti
m
u
m

fo
r
a
ch
ie
vi
n
g
co
lo
n

ta
rg
e
ti
n
g
.

M
ic
ro
b
ia
lly

a
n
d
/

o
r
e
n
zy
m
a
ti
ca
lly

d
ri
ve
n
d
ru
g

d
e
liv
e
ry

sy
st
e
m
s

M
ic
ro
p
a
rt
ic
u
la
te

sy
st
e
m

A
n
A
ss
a
m

B
o
ra

ri
se

st
a
rc
h
h
a
s
b
e
e
n
e
va
lu
a
te
d
fo
r
it
s
e
ff
ic
ie
n
cy

a
s

C
o
D
D
S
.
A

M
A
M
s
w
e
re

p
re
p
a
re
d
b
y
d
o
u
b
le

e
m
u
ls
if
ic
a
ti
o
n
so
lv
e
n
t

e
va
p
o
ra
ti
o
n
te
ch
n
iq
u
e
.
In

vi
tr
o
d
is
so
lu
ti
o
n
st
u
d
ie
s
re
ve
a
le
d
a
m
in
o
r

d
ru
g
re
le
a
se

in
u
p
p
e
r
p
a
rt

o
f
G
IT

a
n
d
a
si
g
n
if
ic
a
n
t
re
le
a
se

in
p
re
se
n
ce

o
f
ra
t
ca
e
ca
l
co
n
te
n
t.
In

vi
vo

e
va
lu
a
ti
o
n
o
f
th
e
p
re
p
a
re
d

fo
rm

u
la
ti
o
n
re
ve
a
le
d
th
a
t
m
a
jo
ri
ty

o
f
d
ru
g
g
o
t
d
is
tr
ib
u
te
d
to

th
e

lo
w
e
r
p
a
rt
o
f
th
e
G
IT

d
e
p
ic
ti
n
g
th
e
p
o
te
n
ti
a
l
o
f
th
e
d
e
ve
lo
p
e
d

sy
st
e
m

fo
r
co
lo
n
ta
rg
e
ti
n
g
.

5
-F
U

[2
2
]

N
a
n
o
p
a
rt
ic
u
la
te

sy
st
e
m

P
a
cl
it
a
xe
l-
lo
a
d
e
d
ch
it
in

(a
m
o
rp
h
o
u
s)

n
a
n
o
p
a
rt
ic
u
la
te

sy
st
e
m

w
a
s

p
re
p
a
re
d
b
y
io
n
ic

cr
o
ss
-l
in
k
in
g
re
a
ct
io
n
te
ch
n
iq
u
e
.
In

vi
tr
o
d
ru
g

re
le
a
se

st
u
d
ie
s
re
ve
a
le
d
su
st
a
in
e
d
re
le
a
se

b
e
h
a
vi
o
r
o
f
th
e
p
re
p
a
re
d

n
a
n
o
p
a
rt
ic
u
la
te

sy
st
e
m
.
C
e
ll
u
p
ta
k
e
st
u
d
y
o
f
th
e
d
e
ve
lo
p
e
d
sy
st
e
m

w
a
s
co
n
fi
rm

e
d
b
y
fl
u
o
re
sc
e
n
t
m
ic
ro
sc
o
p
y
a
n
d
fl
o
w

cy
to
m
e
tr
y.

A
n
ti
ca
n
ce
r
a
ct
iv
it
y
o
f
th
e
d
e
ve
lo
p
e
d
sy
st
e
m

w
a
s
p
ro
ve
n
b
y

d
e
te
rm

in
in
g
to
xi
ci
ty

to
w
a
rd

co
lo
n
ca
n
ce
r
ce
ll
lin
e
s.

P
a
cl
it
a
xe
l

[2
3
]

M
u
lt
ip
a
rt
ic
u
la
te

sy
st
e
m

A
m
u
lt
ip
a
rt
ic
u
la
te

sy
st
e
m

(p
e
lle
ts
)
co
n
si
st
in
g
o
f
p
e
ct
in

a
s
b
o
th

co
a
t

a
n
d
co
re

m
a
te
ri
a
l
w
a
s
p
re
p
a
re
d
a
n
d
e
va
lu
a
te
d
fo
r
co
lo
n
ta
rg
e
ti
n
g
.

E
th
yl
ce
llu
lo
se

w
a
s
e
m
p
lo
ye
d
a
s
a
n
in

si
tu

in
tr
a
ca
p
su
la
r
co
a
ti
n
g

m
a
te
ri
a
l.
In

vi
tr
o
e
va
lu
a
ti
o
n
re
ve
a
le
d
th
a
t
le
ss

th
a
n
2
5
%

d
ru
g
w
a
s

re
le
a
se
d
in

u
p
p
e
r
p
a
rt
o
f
G
IT

d
e
m
o
n
st
ra
ti
n
g
th
e
p
o
te
n
ti
a
l
o
f
th
e

d
e
ve
lo
p
e
d
sy
st
e
m

fo
r
a
ch
ie
vi
n
g
co
lo
n
ta
rg
e
ti
n
g
.

5
-F
U

[5
]

N
a
n
o
p
a
rt
ic
u
la
te

sy
st
e
m

A
M
T
X
-F
A
-G

G
N
P
h
a
s
b
e
e
n
p
re
p
a
re
d
b
y
e
m
u
ls
if
ic
a
ti
o
n
cr
o
ss
-l
in
k
in
g

te
ch
n
iq
u
e
.
It
h
a
s
b
e
e
n
re
p
o
rt
e
d
th
a
t
th
e
p
e
rc
e
n
t
g
ro
w
th

in
h
ib
it
io
n

o
f
C
a
co
-2

ce
lls

w
it
h
M
T
X
-F
A
-G

G
N
P
w
a
s
h
ig
h
e
r
th
a
n
th
a
t
o
f

M
T
X
-G

G
N
P
in
d
ic
a
ti
n
g
fo
la
te

re
ce
p
to
r
m
e
d
ia
te
d
u
p
ta
k
e
o
f
th
e

d
e
ve
lo
p
e
d
sy
st
e
m
.

M
e
th
o
tr
e
xa
te

[2
4
]

T
a
b
le
te
d
--

m
ic
ro
sp
o
n
g
e
s

A
ca
lc
iu
m

p
e
ct
in
a
te

m
a
tr
ix

ta
b
le
t
fo
r
co
lo
n
ic
d
e
liv
e
ry

o
f
m
e
lo
xi
ca
m

m
ic
ro
sp
o
n
g
e
s
w
e
re

p
re
p
a
re
d
.
M
o
d
if
ie
d
q
u
a
ss
i-
e
m
u
ls
io
n
so
lv
e
n
t

d
if
fu
si
o
n
te
ch
n
iq
u
e
w
a
s
u
se
d
to

fo
rm

u
la
te

th
e
m
ic
ro
sp
o
n
g
e
s.

T
h
e

in
vi
vo

fl
u
o
ro
sc
o
p
y
in

ra
b
b
it
s
re
ve
a
le
d
th
a
t
th
e
ca
lc
iu
m

p
e
ct
in
a
te

m
a
tr
ix

re
le
a
se
d
th
e
d
ru
g
-l
o
a
d
e
d
m
ic
ro
sp
o
n
g
e
s
se
le
ct
iv
e
ly

in
to

th
e

co
lo
n
ic
re
g
io
n
.
T
h
e
in

vi
vo

p
h
a
rm

a
co
k
in
e
ti
c
st
u
d
y
re
ve
a
le
d
a
la
g

ti
m
e
o
f
7
h
fo
r
a
p
p
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]
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D
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a
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h
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e
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a
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D
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p
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e
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p
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A handsome amount of money and time has been invested for
the development of these systems. Despite such enormous
research being conducted at academia as well as industrial
level, the following are the major constraints associated with
CoDDS developed for the treatment of CRC:

1) Large intra- and interindividual variability in physiolog-
ical conditions of GIT may lead to either premature release
of drug in the small intestine or no drug release in colonic
region, thus affecting targetability and availability of drug
at tumor site.

2) Poor availability of drug at distal part of colon and rectal
region.

3) High possibility of exposure of normal cells to antineoplas-
tic agents.

4) Presence of efflux pumps on the tumor cells is not taken
into consideration.

5) Reports of CoDDS pertaining to cell uptake and cell
cytotoxicity studies are not available in majority of the
published literature and hence it is not evident whether
the targeting will result into drug uptake inside the tumor
cells.

6) Further, studies pertaining to antitumor efficacy are not
reported in most of the published literature and hence
proof of concept of these studies are lacking.

It is evident that unless and until the major constraints
mentioned above are not overcome, selective and targeted
delivery of drugs to the cancerous cells is difficult to achieve.
Hence, it appears that the effective way of treating CRC is
to employ the concept of receptor-mediated drug delivery
approach (along with existing approaches, discussed in Sec-
tion 3), which involves use of specific receptors present on
the surface of cancerous cells [17]. Once reached to the target
site (i.e., colonic tumor cells), the drug (loaded into carrier-
like nanoparticles) will be taken up into the tumor cells by
receptor-mediated endocytosis. For achieving this goal suc-
cessfully, development of a drug carrier that can remain stable
in upper part of GIT and that can deliver the active ingredient
in the close proximity of target cell is the need of an hour.
Thus, it is high time to develop targeted and site-specific
delivery system for the colons that are effective, safe and com-
mercially viable so as to render a sigh of relief to the patients
suffering from this deadly disease of CRC!
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