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Getting into the colon:
approaches to target colorectal
cancer
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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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Figure 1. Warning signs depicting colorectal cancer.

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

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.).

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

1345


http://informahealthcare.com/journal/EDD

M. M. Patel

“wR1sAs Alanlep bnup BulAjisinwao.idiw-§9s :SAaINGS ‘sepiedoueu wnb senb paijipow
pIoe 1|0} PIPEO-31eXAIIOYIBIN {dNDD-V4-XLIN ‘$2134dsoIdIW SAISSYPROINA SINVIN ‘1De1} [BUIISIIUI0NSED (1|9 ‘SAQIINS PIJIPOW-31e|04 :SAQIINSH ‘WaisAs Aianllap Bnip d1ppads-uojo) :Sggod ‘[IDeIN0ION|-G :N4-G

[zl

t3]

[0Z]

[61]

[81]

n4-s

WiedIXo|a|N

qIx023}9D

n4-s

uIn2IND

uoneziuoiayds e se |0LHd @AY buisn anbiuydsy uoneziuoisyds
-uoisnJixa Aq paledald suam S19||9d ‘padojeasp ussq sey (1ake)
1uspuadap Hd) A0S gHbeIPNT pue (1ake| Juspuadap aw) OEIN
HbeIPNT yum pa1eod Ajlenp waishs (s19)jad) sreindiuedninw v

‘119 jo 1ed Jamo| 3y} 01 saydeal

} |13UN 1oeIUI PaUleWaL Uoie|nwlo) paledaid ayi 1eyl pajesnsl
syqgaes Ut saipnis Aydelbouabiuaos pue dnaupodeuleyd oan Uy 11D
Jo 1ed saddn ur aseajal bnup sinjewsald syusaald wialsAs padojansp
9y} 1BY} P3[EaARI SBIPNIS UOHNOSSIP 0414 Uj “(J9Ae| Juspuadap awiy)
|03A16 ausjAyaAjod Bululeluod asojn||9d |AY1S JO SISISUOD 1e0D JsUUl
pue (1ohe| wuspusdep-Hd) AOE S4 ,HBBIPNT JO SISISUOD 120D 1IN0 BY |
anbiuydsy uoissaidwod 1alip Aq pasedsid aism jueplelal ases|al
se apIxo ausjAyiaAiod Buiuleluod s1a|gel paieod Ajjleng “paledaid
SeM JaDued [B10a10j0d Jo sixelAydoid sy3 ul uonedidde jenusiod

104 WedIXojaW JO Wa1sAs patebiel UOJOD pale|NpoW ases|al

"Slel Ul uoneliusduod ewseld-bnip jo uoneinp

9y} papuaIxa pue bnip Jo Alljige|ieAeolq 8yl padueyua S9|a1Hedoldiw
2y} 18y} pajeanas Apnis dnsurodewleyd o uf -Bunsbiel d1uojod
Buinaiyde Joy paiinbal uonoalold Aioldejsiies e sapiaoid 1e0d 9|gnop
3U1 1Byl P3JBaA3J SIIPNIS 3seJ Bnup 044 U 1e0d Juspuadap-Hd
Se 001S m¥beipn3 pue 1eod Juspusdap-awl} se palen|eAd

sem suoldejolded-3-Ajod "yoeoidde yuspusdap-Hd pue -swiy e buisn
paJedaid sem WwLlsAs a1e|ndiniedoldiw papeol-bnip pe1eod Ajjenp v
"N4-S 9314 Yyum pasedwod

199}43 JIX0301AD JUEDIHIUDIS PalrJISUOWSP UoIte|NWIO) patedald syl
1ey3 pajeanal saul| |92 91 |-1DH buisn pswiopad Aesse uonelsyjold
[|92 9y “Jauuew pauleisns e ul bnip Jo ases|el Juspuadap Hd
pa|eaAlJ SIIPNIS 3Se3[RJ-BNIp 0J1A U "POYIBW UOIIeIOdeAS JUSA|OS
Buisn panaiyde sem auogydeq duswAjod syl ulyum juswdesus
Bniqg -anbiuydsy uonezuswAjod uoisinwsoiw Aq pasedsid

21am siswAjodod axejAide |Axay |Ayle-Z pue pide djjAneylaw v
's103dadaJ 91e[0} BY} YUM A[IUSIDIHYS pulg PINod Wa3sAs syl 18y}
spldap saipnis axeidn (|9 “uoibal d1uojod sy} O3 Ajpusiye bnip sy
JaAIIBP PIN0d uone|nwilo) paledaid sy 1eyy pajesnal salpnis ases|al
BnIp 04/ Ul Y] “(AUNOWE |[BWS Ul) 91euddNSIWRY |A191S9|0yd-|0dA|6
ausjAyiah|od-aiejo) pue ‘06 | |0A1deD %01 ‘dH 4l0mndsuel]

%S'ZE 13 I0ydowald) %G/ 4O SISISUOD UONeNWLIO} paziwndo
3YL "001 S HbeIPNT Yyum pa1eod ‘walshs sensded e oul paj|iy
Jaymny sem wglsAs siy| Bunabiey d1Uojod aAsIYdE pue Aljign|os

S 9AoJdwi 01 JapJo Ul pasedaud sem SAJIINSH PAPEOJ-UIWNDIND

(s19]]2d) swia1sAs
aie|ndiedinin

Jod

paienjend
a)epipued bniq

uondusag

Ssia|gel
NUEINSS
WIa)sAs Juspuadap
91endiuedoldin -Ip-awi} pue Hd
sjebouen
SAqa3Ns
YHUM paj|iy ajnsded SWIRISAS
P9120J-J1191U] 1uspuadap-Hd
wJoj
abesop jo adA) yoeoiddy

*J395Ued [B17940]0D JO JuswWieal} ay} 10} walsAs A1anijap Bnip dijpads-uojod padojanap Apuadray | 9|qel

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

1346


http://informahealthcare.com/journal/EDD

Getting into the colon

‘wR)sAs Aaniiep Bnup BulAjsinwaoiiw-49S :SAQIINS ‘sepiedoueu wnb senb pa

pIE 1|0} PIPEOI-31LXAIIOUIBIN (dNDD-Y4-XLIN ‘S213YdSoIdIW SAISSYPROINIA SINVIA ‘1DB1} [eUIISIIUI0NSED) (11D ‘SAQIINS PaIIPOW-318|04 :SAQIINS ‘WaisAs Asaniep Bnip dipads-uojod :Sagod ‘|PeInoion|y-G :N4-G

[97]

[s2]

izd

(sl

[e2]

44

N4-9

WedIXo3IN

°91eXaJ10Yla|\

N4-S

|oxexped

'SQ@oD buinsiyde oy aAeuIS) e [ennualod e se palen|erd

sem a1epipued bnip se N4-G Bululeluod S19|qe} Pa1eod-uoissaIdwo)
‘bunabiey uojod 10} walsks padojaaap jo

[enualod ayy buinoud ewseid ul bnip jo sduelesdde Joy y £ 4O Swiy
Be| e pajeanas Apnis dnsuiodewleyd o U 9Y) “uoibal dIUuojod
31 O1ul A|9AID319S s9buodsoldiul papeol-bnip syl pases|al xiiew
91eunoad wnidjed syl 1yl pajeanas sHgaes Ul Adodsodoniy oAa ul
9y "sebuodsoidiu 3y} 91e|NWIOS O} Pasn sem anbiuyds} UOISNHIP
JUDA|OS UOIS|NWa-I1ssenb paijipolA "pasedald a1am sabuodsodiw
wiedIXodw 4o AISAIISp 21UOj0d IO 19]ge} XLlew a1eundad wnijed v
"Wi93sAs padojansp

9y} jo oyerdn pajeipsw 101dsdas a1ejoy bunedipul JNOD-X 1IN

4O 1By} ey} Jaybiy sem dNDD-V4-XLIN UM S||9> Z-03e) Jo
uoIgIyul yimoub 1uadiad ayi eyl panodal ussq sey 3| anbiuyday
Bujul|-ssold uonediisinws Ag patedald usaq sey dNODOD-V4-X1IN V
‘buisbiel uojod buiasiyde 1oy walsAs padojansp

9y3 Jo |enusiod ay1 bunelisuowsp |19 o ued saddn ul pases|al
sem Bnup 9,5z Ueyl SS3| 1y} Pajeanal UOIEN|BAS OJJA Uf "[eLiS}ew
Buieod Jeinsdedesiul nys uy ue se pakojdwa sem asoin||9d |Ayi3
‘buisbiel uojod U0} pajen|eAs pue paledasd sem [eLSIEW 310D pue
1P0D Y10q Se undad Jo Buisisuod (s19)|ad) waisAs s1ejndiuediinu v
‘S3UI| || J9dUBD UOJ0D pJemol ALDIXO) Buluiuialsp

AQ usnoid sem W1sAs padojansp ayi JO ALAIIDE JDDUBDIIUY
‘Aiswoifd moj pue Adodsoddiw Jusdsalon|y Ag pawIpuod sem
waisAs padojeasap ayi 40 Apnis axe1dn |90 “WSIsAS s1ejndipedoueu
paJedaid sy} JO JOIABYSQ DSEI[SJ PAUIRISNS PSR SAIPNIS SB[
Bnup o044 uy anbiuydal uondeal burul-ssod diuol Aq paiedsid
sem wia3sAs a1endiiedouru (Snoydiowe) uiyd papeol-jaxel|ded
‘Buiyebiey uojod 10} walsAs

padojansp ayi 4o |enuaiod ayy bundidap |19 ay3 jo 1ed Jamo)

9y} 03 pawnguisip 106 bnup jo Aliolew 1By} PajeaAas UOIRINUWIO)
paJedaid Sy} JO UOIEN|EAS OAIA U] “JUSIUOD [EDSED Bl JO 3dUasald
Ul aseajal yuediyiubis e pue |19 jo Wed Jaddn ul asesjsl bnip
Joujw B Pajeanal S3IpNIS UOIN[OSSIP 0434 uj ~anbiuyda} uonelodes
JUSAJOS UOnedIIs|NW 3|gnop Ag paJedaid auem SNVIN Y “SAQ0D
se ADUaDIyd S)I JOJ pRleN|BAS UD3Q SBY YdIe)S 351 BIOg WesSy Uy
‘bunabiey

uo|od bulAsIyDE JO} WiNWIIdO 8g O} punoy sem [9As] buneod

J3IN0 pue Jauul JO M/M %G| UNM PI1e0D WaISAS syl 1y} pa|eanal
SaIpN3S 9seaja.) bnip oA Ul Y] “IapuIq e se AR DINdH pue pie

s19|qel

sabuodso.diu

- palsjgeL

WId1SAS
a1e|ndiedoueN

WId1SAS
are|ndiediyniA

NIEIYSS
91endiiedouep

B
a1ejnoiedonijn

SWR1sAS AIonilsp

Bnip usAup
AjjeonewAzus 1o
/pue Ajje1gqoidin

Jod

paienjend
?1epipued bniq

uondunsaqg

wJo}
abesop jo adA)

yoeosddy

‘(PANURUO)) J3dUED |E}D310]|0d JO JUSWIEAI} Y} 10} WIsAs A1aalldp Bnip d1ydads-uojod padojanap Apuaday | djqel

1347

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


http://informahealthcare.com/journal/EDD

M. M. Patel

“wR)sAs A1aAlep bnup BulAyisinwao.dlw-}9s :SAdINGS ‘sopiedoueu wnb senb paiyipow
pIoe 1|0} PIPEeO|-21eXaI0YIBIN [ dNDD-V4-X 1IN ‘S24aydsoiu aAISSYPROINIA SINVIA ‘19B) [BUNSIUIOIISED :]|D ‘SAQIINS PalIpow-a1e|04 :SAJIINSH ‘Waishs Assailap Bnup diynads-uojod :5qgod ‘[IPeinoIon|j-§ :N4-G

[Le]

[og]

[62]

(87l

[L2]

1oeIXd J9buin

urn2InD

qIx09pjeA

Nn4-s

auigeydpwab pue
91X3110U13N

"JUSWIESI} JO SYOOM N0} IS}E J3DUED JO Ymolb sy} adnpal
Ajpuedijiubis pinod wiaisAs padojansp sy} 18yl po|esAal Sield JeISIAN
9BW Ul UOIIEN[EAD [BDIUIDRId “Uonexe[as JlawAjod pue buljjams

AQ P9]|0JIUOD ‘WISIUBYIAW 3sedjal || SSejd Jadns e pajeanal SwaisAs
padojaA3p By} JO UOREN|EAS OJ3A Uf “DYD JO JuswWieal} Jo} paledsid
dJam speaq sjeulble papeol-}oeixs 1abulb paeod 0oL S gHbeipn3
(MM % L)

1US1U0D [BD3ED 14 JO 3dUdsald Ul pasealdul Ajjuedijiubis sem

ases|a) bnip ay3 1ey1 pajesnal wialshs padojeasp ay3 JO Uonen|erd
041/ uj “anbiuydal Buull ssosd uonedyisinwa Agq pasedald

9JaM saJaydsouiw s1eundsd wnidjed pleod 0L S gibeipn3
"9|1404d aseajas pauleisns

pue pabuojoid e bulpiroid SNyl ‘SUOIIN|OS JO 1BYL UBYL JOMOIS 9

0} punoy sem '/ Hd 1e siahejouow [|90 z-02eD) SSOJde SaIaydsoldiw
gIX0d9p|eA 4O 1odSueI} 9} 1Y} PIBIASJ SIPNIS SUI| [|9D OJHA Ul 3L
'SQQ@oD buinsiyde 1oy paienjeas pue patedad alem saisydsoidiw
1eulble WNIPos PapeO|-gIX0dap|eA PR1eod 00| S HHbeipn3
‘bunabiel

UO|0D 104 uole|NWIO) padolaAsp a3y} JO |elruslod syl pajeanal
Syqgages Ul uoneniead diydelbouabiusos pue dnaupodeulleyd o uf
“JUIUOD [BDIED Jel JO 9dUsaId Ul G'9 Hd 1B PaAISSCo Sem ases|al
Bnup jo Junowe ediubis seaseym ‘47 pue | Hd 1e asesjal
Bnup Jo 1unowe 3|qibI63au P3jEaASL UOIIBINWIOS PazIwildo Sy}

JO UOIEN|eAR OJJA Uf “|ellaiew 9|qepelbapolq se a1sed yoiels pue
undad buisn padojaasp sem SQQoD patsbbul Ajjeigoloiw [9aou v
‘buniebiel uojod 10} walsAs paledald ayy jo

[enua1od ay1 bundidsp ‘(Saull |92 J33Ued |B1310j0d uewny) NG 0ZE
070D puUe 6Z-1H 1suiebe anie ae sayebnfuod-oze patedald syl
1ey3 pajeanal Apnis A1dIX0101AD 04314 Ul Sy "S)USIUOD B3 1l JO
9duasald ul bnup JO %68 UBY} SJ0U asesal O} patiodal aiam pue
SUOIHPUOD DIpIDe JO 9duasaid Ul 9|qels 8¢ 0} Punoy a4am sa1ebnluod
9yl 'SQQoD Joj parenjenrs pue paledaid usaq sey suigeldwab pue
d1exasoyiaw Jo sa1ebnfuod bnip suszeydsoydAjod paseg-oze uy
‘119 o Hed Jamo

3yl ul bnup ayy ases|as AjpAId9Iss pue 1|9 syl jo Hed saddn ul
Buijiersid suonrIpuod ay3 01 JUeISISaS SeM WialsAs padojensp ay3 1eyl
pajeanas sbop sjbeaq ul Apnis Aydesbousbiusoy 119 jo ped saddn
39U} JO JUSWUOIIAUD DIpIdE 3y} Isulebe uonoe aAida30ld sepiroid
UBSONYD 4O uollenuelb 3y} 1eyl pajeanal saipnis asea|al bnup

0421/ U] 1202 uoIssaIdwod e se pakojduwa Sem UBSONYD Pale|NueID)

wi1sAs
a1eindiediniy

wia1sAs

a1e[nditedoiin

W1SAS
aie|noiedo.diip

s19|qel

s91e6Nn[u0d-0zy

Swi1sAs
1uspuadap-1p
pa1eAde
-eJojJo.iu
pue Hd

Jod

paienjens
a)epipued bniq

uondunsaq

w.oy
abesop jo adAL

yoeoiddy

‘(PaNURUO)) J33Ued [E}DI0|0d JO JUBWIERAI) BY) 40} WalsAs Aiaaldp Bnup diypads-uojod padojanap Appuaday °| ajqel

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

1348


http://informahealthcare.com/journal/EDD

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 concepr of these studies are lacking.
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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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