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Abstract

Gastrointestinal (GI) diseases are the diseases that affect any part of the gastrointestinal tract including acute,
chronic, recurrent or functional disorders. There are a numbers of factors affecting the biology of GI tract.
Nanoparticles are one of them in causing diseases. As there are many conventional therapeutic strategies for the
treatment of GI diseases but these are not very efficient. Nanotechnology is the emerging and rapidly evolving field
of the current era with new hopes in the field of nano-medicine for the detection, prevention and the treatment of
diseases. Chemotherapeutic drug delivery in the field of nanotechnology has gained much attention and focus
recently. Nano materials have wider range of potential applications for the detection and treatment of diseases while
toxicological effects cannot be neglected and safe and non-toxic nano drugs should be considered for the treatment
of pathological and physiological gastrointestinal diseases to reduce the existing conventional treatments. The
parameters such as shape, size, surface chemistry and geometry of nanoparticles are important to consider in the
designing of nano carrier. The review aims at integrating toxicological effects of nano materials and their safe and
effective role in the treatment of GI disorders. Although there are disorders caused by nanoparticles but
counteracting as well in a safe and targeted delivery of the conventional drugs into the GI system.
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Abbreviations
GI diseases: Gastro-Intestinal Diseases; NPs: Nanoparticles; ROS:

Reactive Oxygen species; CeO2: Cerium Oxide; TiO2: Titanium Oxide;
IL-1beta1: Interleukin-1-beta; TGF-beta1: Transforming Growth
Factor Beta1; TEM: Transmission Electron Microscope; GES-1:
Human Gastric Epithelial Cells; Caco-2: Colorectal Adenocarcinoma
Cells; SiO2: Silicon Dioxide; HT29: Colon Carcinoma Cells; MAPK:
Mitogen Activated Protein Kinase; ERK 1: Extra Cellular Regulated
Kinase 1; Nrf2: Nuclear Respiratory Pathway; IBD: Inflammatory
Bowel Disease; ECM: Extracellular Matrix; MAP-9: Matrix
Metalloproteinase-9; NAS-2: Nitric Oxide Synthase Type-2; COX-2:
Cyclooxygenase 2.

Introduction
Gastrointestinal (GI) diseases are the diseases affecting the

gastrointestinal tract, from the esophagus to the rectum, and the
accessory digestive organs such as liver, gall bladder and pancreas. GI
diseases include acute, chronic, recurrent or functional disorders while
covering a broad range of diseases, including the most common acute
and chronic inflammatory bowel disease [1]. There are different ways
of drug incorporation and drug delivery systems such as transdermal,
parenteral, trans-mucosal and oral. Oral drug delivery system is
considered to be the widely accepted system for drug delivery due to
cost effectiveness and easy administration [2]. It is the most important
route for the uptake of particles and molecules in gastrointestinal. Oral

drug delivery systems are considered complex barrier-exchange
systems for taking up the molecules and their absorption in the gut.
Variable absorption patterns of the drugs in the GI tract is making oral
drug delivery system challenging due to low solubility, low apparent
permeability and poor bioavailability by indicating the limiting factor
for oral chemotherapy [3,4]. To overcome this limitation scientific
community has been focusing on nano-technological based new and
more effective drug carrier systems that could be helpful to overcome
the challenging factors of conventional drug delivery systems.
Nanotechnology enables the scientists to figure out the barriers of
conventional approaches and now it is possible to deliver the
hydrophobic drugs; specific targeting of drugs to particular regions of
GI tract; transcytosis of drugs across the intestinal barriers and
intracellular delivery of drugs [5].

Nano sized engineered particles (nanoparticles; NPs) in the size
range of 1-100 nm (Figure 1) have a broad spectrum of applications in
electronics, chemistry, environmental protection and medicine. In the
field of biomedicines the use of nanoparticles has been growing
exponentially [6]. To increase the treatment efficacy and to reduce the
side effects, nano based drug delivery systems are being applied for the
therapeutic applications from years. The nano based delivery systems
includes polymeric, solid lipid, hydrogels, gold, silver nano systems etc
[7]. A range of metal nanoparticles are currently used in the medical
and food industry such as iron, cobalt, copper, zinc and silica [8].
These types of nanoparticles are physiologically important due to their
different synthesis route because of their different physical and
chemical properties. Although there are many advantages of the nano
based drug carrier systems but toxicity parameters cannot be over
looked as there are various toxicological routes associated with the
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exposure of nanoparticles in the human being and environment while
toxicological effects on human beings are still ambiguous [9]. Apart
from this there are many types of safe nano-based drug delivery
systems that are being used as therapeutic agents in the GI diseases.
These systems have promising and effectual approach in the field of
nano-medicine.

Figure 1: Scale representing the size between particles and main
living units.

Nanoparticles Exposure to Gastrointestinal Tract
Human beings and other living organisms are being exposed to

nanoparticles through their evolutionary phases. Due to the large
population and huge diversity of nanoparticles it is hard to define how
nanoparticles are being introduced into living body systems.

But in general, exogenous and endogenous are the two main sources
of NPs incorporation into gastrointestinal tract. Endogenous NPs
sources based on calcium and phosphate secretion of intestine while
NPs from food, water, cosmetics, pharmaceuticals [10] or very small
amount of inhaled NPs in gastrointestinal tract was found [11] are
called as exogenous sources. Man-made titanium dioxide, silicates or
aluminosilicates have been widely used as exogenous inorganic
particles for the food (whitening and brightening), in sauces and
dressings. These type of nanoparticles are found in the gut are of
around 100 nm in size and spherical in shape showed resistivity to
degradation. Endogenous particles that are naturally occurring are
soluble in the gut such as calcium and phosphorous and re-circulate as
ionic forms in the gut environment [10].

Skin, lungs and gastrointestinal tract are the potential routes of
nanoparticles exposure [12-14]. Dietary micro and nanoparticles are
the normal way of getting into the GI tract. Nano-technological
approaches have increased the intake of these nanoparticles into the GI
tract [15] in an intentional way to get the personalized medicines [16].
Nanoparticles can be entered into the GI tract by various ways. They
can be ingested by food, water, drugs and cosmetics and can be inhaled
and ultimately become the part of GI tract after clearance from the
respiratory system [17]. Smaller particle size can easily diffuse in the
GI secretions and becomes the part of the blood stream and
translocate to other parts [18].

Parameters affecting nanoparticles in gastrointestinal tract
Various parameters such as shape, size, dose, surface characteristics,

and translocation are known to play very distinguishing role in the
nanoparticles toxicity. These parameters are not still fully understood
in vivo. Therefore it is significant to have proper knowledge of nano-
materials interaction with the biological system prior to synthesize.
These parameters can influence delivery efficiency and distribution of
drugs (Figure 2). In designing of nanoparticles few key points should
be considered such as appropriate surface charge, specific ligands, be in
the circulatory system. Nanoparticles can escape from the clearance
mechanism and opsonisation, resistant to drugs and other related
parameters. Therapeutic applications of nanoparticles are dependent
on these parameters when interacting with the biological system.

Figure 2: Parameters affecting nanoparticles uptake in GI tract.

Shape
Shape is an important and critical parameter in nano based systems

for the drug delivery and for behaving itself as drugs. Different shaped
nanoparticles have different surface area, thickness and degradation
rates [19]. Spherical nanoparticles have advantage over non-spherical
nanoparticles [20]. It has been reported in in vivo experiments that
blood circulation is also dependent on the shape and length-width
ratio of nanoparticles [21]. Cristina et al. have demonstrated that
nickel (Ni) nanoparticles of different shapes and diameter can cause
the toxicity to zebrafish embryos. 60 nm aggregated particles results in
higher toxicity (LD10 and LD50) just because of shape and aggregation
as the synthesis method and composition is similar [22].

Size
Nanoparticle size plays a major role when interacting with the

biological system [23]. Size is inversely proportional to the surface area
and volume as with the decrease of particle size, ratio between surface
area and its volume increases rapidly and can influence the particle
interaction with the biological system. Nanoparticles can be more
reactive as compare to micro and macro particles [24]. Distribution of
nanoparticles is also size dependent [25]. Nanoparticles can easily
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cause the toxicity due to their nanoscale dimensions as they can readily
enter into the biological system. Deposition of nanoparticles into the
renal tissues and redistribution from the deposition site is also
reported [26]. Small sized nanoparticles can easily escape from the
phagocytosis while it should be large enough to escape from
translocation in tissues and organs. Nanoparticles with different sizes
and doses have different effects on cellular metabolism and it is in
correlation with the intestinal bioavailability of nanoparticles [27].
Nano sized particles of less than 20 nm can be easily taken up by the
small intestinal epithelial cells and further translocate to other organs
by lymphatic system and capillaries in a short duration of time [17]
while 1000 nm sized-nanoparticles or bigger than this size seldom
crossing intestinal barrier. Nanoparticles vary in chemical composition
with reference to disease subjects as after analyzing the colon mucosa
from microscopic and energy dispersive spectroscopy a number of NPs
are found like carbon, ceramic filo silicates, gypsum, sulphur, calcium,
silicon, stainless steel, silver, and zirconium [28] and the size range is
from 50 nm to 100 µm. This is the indication that NPs size smaller
then this range can cross and penetrate the gastrointestinal barrier as
most of the particles are found at the inter junction of healthy and
cancerous tissues [29]. There is a need of key information on the
toxicity, distribution, metabolism, and excretion of nanoparticles to
understand the mechanism of toxicity [24].

Surface charge
Surface charge is an important factor among the design parameters

of nanoparticles for therapeutic applications. According to particle
kinetics positively charged particles can easily attach to the negatively
charged mucus layer and negatively charged nanoparticles can diffuse
easily across this layer. Keeping in view the cytotoxic effects of
nanoparticles; charge density and charge polarity are among the major
factors. Charged particles are cytotoxic as compared to the neutral
charge nanoparticles [30] but it depends on the nature and the type of
nanoparticles also. From few studies it has been revealed that uptake of
charged iron oxide nanoparticles and polystyrene nanoparticles are
superior to their uncharged counterparts [31]. Some researchers also
reported that positively charged nanoparticles are more cytotoxic then
negatively charged ones [32,33] but from few reports it is justified that
positively charged nanoparticles such as super paramagnetic iron
oxide , gold and silver particles are taken up at an elevated level as
compare to negatively charged particles [34,35].

Figure 3: Illustration of possible routes of nanoparticles uptake,
allocation and excretion in humans.

Translocation
Various physicochemical properties of nanoparticles allow site-

specific targeting of different regions of the gastro-intestinal tract.
Nanoparticles translocation to stomach and small intestine [36] has
been documented. The rate of ingested nanoparticles elimination has
been cited in many studies for example, 98% excrement removal of
nanoparticles has been documented within 48 hours and remaining via
urine (Figure 3) [37].

Aspect ratio
Aspect ratio of nanoparticles is also one of the causes of the NPs

toxicity. Lin et al. have suggested the toxicological effects for long
aspect ratio of cerium oxide nanoparticles in vivo in the mouse lung
and GI tract of zebrafish larvae. It has been concluded after their
comparative study that nano rods having high aspect ratio IL-1beta
and TGF-beta1 production in the bronchoalveolar lavage fluid at 21
days but did not induce pulmonary fibrosis while at longer duration
(44 days). 4 mg/kg of the high aspect ratio nanorods, production of
more collagen has been observed with growth inhibition, reduction in
body weight and delayed process of vertebral calcification have been
seen in the oral exposure model of zebrafish larvae. From histological
and transmission electron microscopic studies these nano-rods are the
main causing factor of injury in the epithelial lining of the G1 tract.
Blunted microvilli demonstrated the disruption in digestive function
and the lung toxicity relevant to inhalation is contributing to the
potential environmental hazards as well [38]. Oral exposure of TiO2
NPs cause variable age dependent adverse health effects. In a
comparative toxicity study of TiO2 NPs on different aged groups rats
has revealed that young rats are found with liver edema, heart injuries
and non-allergic mast activation in stomach tissues as compare to the
adult ones [39] .

Methodological Considerations in Nanoparticles
Synthesis

Recently researchers have great emphasis on methodological issues
in the synthesis of nanoparticles and nanoparticle-cell interactions.
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They are focusing on the applications of nano materials in the
gastrointestinal tract and have reported many nano based systems to
overcome the conventional system of therapy. But there is a
considerable need to investigate more specific and reliable nano system
for the gastrointestinal diseases and therapy [40]. Many types
nanoparticles can easily get aggregated and show agglomeration with
the changing environment. Light scattering techniques should be used
for this event. Other technical issues such as a) excessive obscuration,
b) concentrations of particles, c) masking of small particles by larger
fewer particles and d) presence of particle like structures in the
medium is of consideration.

In cell cultures techniques, the published data was not most of the
time well characterized as experiments are showing the false
nanoparticles uptake even after not having the good microscopy
techniques. This is in relevance with the in-vivo systems that is not
very easy to determine as nanoparticles can aggregate or remain
disperse in the gut lumen. There should be careful approach in the
sample preparation for the microscopy. Oral delivery of Nano
medicines are making them more technical to elucidate. There should
be a detailed tracking system for the nanoparticles [41-43].

Nanoparticle interaction with the soluble molecules is another
important technical point and it has been recently documented for the
‘corona’ (protein coated nanoparticle surfaces). This is happening from
the last many years in the aqueous environment for these types of
interactions [44]. In gastrointestinal tract there is a variable pH indices,
for example stomach is more acidic as compare to the small bowel
lumen. Gastrointestinal enzymes help the ingested particles for surface
adsorption and then re-adsorbed by the small intestinal entities and
the adsorptive phenomenon was reported on the basis of chemical
composition of the nano entities and of the ionic environment.
Ashwood et al. have investigated the phenomenon in which calcium
ions present in the gut luminal fluids helps the bacterial lipo-
polysaccharide to bind with the titanium dioxide nanoparticles.
Calcium irons present in the cell cultures medium can change the
particle size and reactivity by conjugating with other entities forming
the particles of great challenge. Chemical assays have been used from
decades in the laboratories and the interactions of the nanoparticles
with the chemical composition of the assays are of main concern [45].
Cells have numerous defense mechanisms that is another point to be
focused that what should be the concentration of the nanoparticles
with the drug that is best to consider (lower doses may not have high
side effects due to the cell self defense mechanisms). To do this a lot of
optimization steps must be taken in both in-vitro and in-vivo systems.
In in-vivo experiments should have careful handling required for stress
of animals, abnormal transit time and abnormal perfusion. Radio
labelled particles or the other particles that is not found endogenously,
tissue analysis is the best way to check the compartmentalization of
nanoparticles with the given time frame [46,47].

But measuring kinetic profiles is still a challenge due to the re-
circulation of the nano materials such a s mono nuclear cells migrate
below from the gut epithelial layer to mesenteric lymph nodes and
then circulate back to the intestinal mucosa [48]. To examine the fate
of nanoparticles imaging techniques are widely used. Labeled
nanoparticles can easily be identified by the laser microscopes or
electron microscope [49]. Nanoparticles interactions with the cell
cultures such a s colonic carcinoma cell lines and CaCo-2
(differentially dividing features) and with the gut requires careful
consideration of nanoparticles behavior and physiology of gut in
response to in vivo experiments [50,51].

Toxic Effects and Disorders Caused by Nanoparticles
Toxicity of any type of nanoparticles to an organism is determined

by the individual’s genetic complement, which provides the
biochemical toolbox to adapt and fight with toxic substances.
Oxidative stress, alteration of calcium homeostasis, gene expression,
pro-inflammatory responses and cellular signaling are the main events
that cause NPs toxicity [6]. In vivo toxicity diagnostics is of main
concern as of major part in laboratory diagnostics rather than just
relying on in vitro/cyto-toxicological approaches [52]. It has been
documented that orally administered copper nanoparticles by oral
gavage caused acute toxicity in kidney, spleen and liver of experimental
mice group in vivo [53].

Cellular toxicity
The increasing use of nano-medicine as a current technology to

treat various diseases has raised concerns about their toxicity in living
beings. Synthetic preparation of nano-medicines have been used
tremendously in a wide range of applications (in medicine and
surgery) and living beings are being exposed to them at an elevated
levels [54,55].

Nanoparticles cause cellular toxicity at particular concentration
used. According to Yang and co-workers silica nanoparticles have
tested at cellular level in cell lines that originates from the
gastrointestinal tract. The cell uptake, cellular reactive oxygen species
(ROS) level, cell cycle and apoptosis were determined for toxicity
studies in human gastric epithelial cell GES-1 and colorectal
adenocarcinoma cell Caco-2. It has been concluded that 24 hours
exposure time and 100 micrograms of concentration is safe for both
cell lines as silica NPs do not pass through Caco-2 cell monolayer after
4 hours. These NPs have low capability to cross the gastrointestinal
tract in vivo while long term effect should be considered [8].

Particle size and incubation time of nanoparticles affect the toxicity
of the cells. It has been reported that SiO2 nanoparticles stimulate the
proliferation of human colon carcinoma cells (HT29) that is
concentration, size of nanoparticles and incubation time dependent
and cause interference with MAPK/ERK1/2 and Nrf2/ARE signaling
pathways [56].

Dose dependent cellular toxicity of TiO2 nanoparticles was
demonstrated by Botelho et al. in human gastric epithelial cell line as
these NPs induce tumor like phenotypes as a result of increased
proliferation and decreased apoptosis [13].

Cellular toxicity is also depended on the types of nanoparticles and
their surface modifications. CeO2 have radical scavenging and UV-
filtering properties in the biomedical field but the safety and toxicity of
these nanoparticles is of main concern. Cell uptake, ROS level and
cytotoxicity of 2-5 nm particles coated with different polymers have
been determined in the BGC-803 (gastric cancer cell lines). The
cytotoxicity is dependent on the functional groups present on these
CeO2 NPs [57]. Aspect ratio of nanoparticles is also causing
toxicological effects as CeO2 nano-rods, greater than or equals to 22 is
the cause of potential cell toxicity in the human myeloid cell line,
THP-1 induced lysosomal damage and progressive effects on IL-1beta
production [38].

Genotoxic effects are also related to the use of nanoparticles either
direct or indirect way. Nano-composite of cobalt-chromium of size
29.5 ± 6.3 nm in diameter potentially damage the human fibroblast
cells in an intact cellular manner rather than crossing the barrier due
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to the transmission of purine nucleotides and intercellular signaling
mechanism. DNA damage occurred with the significant cell death
when exposed to nanoparticles in an indirect way [58].

Gastrointestinal disorders
Considerable potential health risks are documented on human

health and environment due to nanoparticle. Nanoparticles are
extensively used in biomedical fields showing complex and unexpected
interactions with the biological systems particularly with oral route
drug administration [59]. A number of diseases are caused due to
widespread usage of nanoparticles. As far as GI tract is considered,
nanoparticles are major cause of the Crohn’s disease, ulcerative colitis
and cancer in the gastrointestinal tract. Uptake and translocation of
larger particles may cause inflammation [29]. In diabetic patients there
is a higher rate of particle absorption in the gastrointestinal tract [17].
Crohn’s disease is caused by higher uptake of NPs (100 nm-1 μm) from
diet while genetic and environmental factors are also playing a role in
the occurrence of this disease. It is prevalent in developed as well as
under developed countries and about 1 among the population of 1000
people including native and immigrants. Crohn's disease signs appear
by the lymphoid aggregation containing the exogenous nanoparticles
in macrophages [60]. From microscopic studies it has been suggested
that macrophages located in lymphoid tissue uptake nanoparticles with
different size and various morphologies [61]. There are some
controversies about the nanoparticles are the cause of Crohn’s disease,
it may be due to abnormal response to dietary nanoparticles intake and
are responsible in inflammation in Crohn’s disease [10]. A genetic
variation due to the intake of nanoparticles develops Crohn’s disease
[62].

Gut microbiome alteration
Gut microbiome alteration can cause enteric disorders in humans

and animals [63] as the gut microbiota is playing a key role to maintain
the GI homeostasis [64]. Altered microbiota can cause serious health
risks including cancer risks also (colorectal cancer as an example) [65].
Nanoparticles can modulate the overall homeostasis of the
gastrointestinal tract by altering the gut microbiota and gut-associated
immune response. GI tract is an area for complex symbiotic
interactions between host cells and residing microbiome [66]
consisting of intense population of bacteria of phyla Bacteroidetes and
Firmicutes in human and mouse gut. More than half population of GI
microbiome is non-cultivable that provide the new room for the
scientific research in non-cultivable based sequence techniques of gut
microbiome (Figure 4).

Figure 4: Micro-biome population in different organs of GI tract.

Cecum and colon is considered the organs with highest microbial
activity and from the overall calculation it is assumed that in an adult
human there is approx. 1 kg of gut microbiome upto more than 5000
species (Figure 5) [39,52,53,67-69]. Among them bacteria is in major
population that are commensals and playing key roles in the normal
digestion and immunological functions; such as bile acid conjugation,
colonic enterocyte regulation (by producing fatty acid butyrate),
vitamins B 12 production and detoxification of ingested drugs in GI
tract [70]. It has been reported that oral delivery of silver nanoparticles
in the food additives can changes the intestinal-microbiota population
and intestinal-mucosal gene expression in a size and dose dependent
manner. DNA based studies revealed that exposure to 10 nm AgNPs
and low-dose silver acetate caused a decrease in populations of
Firmicutes phyla and a decrease in Lactobacillus genus has occurred
[71]. Water dispersible silver nanoparticles (Ag-NPs) are found to be a
reason of ultra-structural changes in the organs (liver and spleen) as by
passing through the epithelim of the small intestine and confirming
the health risks [72]. There is a close association between altered gut
microbiota and several diseases like IBD, obesity, colitis, colon cancer
[64].

A better understanding of gut microbiome is helpful in intestinal
health and is a better way to prevent the GI disease and will lead to the
preventive and therapeutic strategies to cure the GI diseases.
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Figure 5: Selected major population of micro-biome in gut (more
than 1000 species) and urogenital tract (~150 species) [69].

Nanoparticles Associated with the Treatment of GI
Diseases
The field of nano-medicine is becoming the future of medicine by

the use of number of synthetic nanoparticle. These nanoparticles are
being used as vectors for the chemotherapeutic drugs with lower side
effects and higher specificity. Nanoparticles have a broad range of
applications due to many physiochemical characteristics. Particle size
and surface characteristics of NPs can be modulated for both passive
and active drug targeting, sustained and controlled drug release to
increase the drug efficacy and to reduce the side effects, high drug
loading capacity, site specific targeting and most important is
administration of the drugs and NPs system via different routes
including oral, nasal, parenteral, intra-ocular [73]. Different
nanoparticles have been investigated to check the toxicity such as
silicon carbide nanoparticles (SiC) were found as a safe delivery agent
in an in vivo rat model. These nanoparticles were excreted in the feces
and very less amount was retrieved from the urine giving the
indication that these orally delivered nanoparticles can cross the
intestinal barrier without any organ damage even at higher doses of
these nanoparticles [74]. There are different types of GI diseases and
disorders caused by nanoparticles and their treatment is necessary for
the normal body functioning.

Inflammatory bowel disease
The chronic inflammation of the gut is due to Crohn’s disease and

ulcerative colitis; the two main forms of inflammatory bowel disease.
They have no cure and require surgical intervention and treatment
includes anti-inflammatory drugs particularly in liquid formulations
[60] and these drugs are associated with an increased risk of
gastrointestinal damage even in small continuous doses. Nanoparticles
based drug carrier systems have been used for the specific site targeting
with higher drug concentration and less toxic effects as nanoparticles
have the ability to accumulate in the inflamed region [75].

One of the examples of intestinal inflammation is orally delivered
indomethacin (IND) drug. To overcome this problem Yoshitomi et al;
have developed core-shell miceller nanoparticles loaded with
indomethacin (IND@RNP(O)) for oral drug delivery. These
nanoparticles have nitroxide radicals that scavenge the ROS, efficiently

accumulated in the intestine while improved uptake of indomethacin
have been observed without causing intestinal inflammation and
adverse effects in the small intestine [76].

Gastric cancer
Gastric cancer is a complicated and multifaceted process. There are

many processes involved such as ROS (reactive oxygen species)
production, ECM (extra cellular matrix) degradation and
mitochondrial damage. Scientists have investigated nano based
approach to for the treatment of gastric ulcer by encapsulating drugs
into nanoparticles. Quercetin loaded polymeric nanoparticles
significantly reduce the oxidative stress in an ethanol induced gastric
ulcer in mice by down-regulating MMP-9 and NOS-2 with highly
bioavailability [77].

Gastric cancer can be treated by inhibiting the expression of
cyclooxygenase-2 (COX-2) and it has been discovered that ursolic acid
could induce apoptosis in the cancer cell lines but the hydrophobic
nature of this drug limits its clinical application. To address this issue
the scientist have designed ursolic acid nanoparticles (UA-NPs), NPs
of amphilic methoxy poly(ethylene glycol)-polycaprolactone (mPEG-
PCL) block copolymers used as drug carriers and the drug was
efficiently transported into SGC7901 cells by effectively penetration
into the membrane and significantly increased cell death and
inhibition of COX-2 and caspase-3 activity as well [78]. Effects of
titanium dioxide nanoparticles with an average size of 75 nm have
been tested in the mouse model with gastric ulcer and found statistical
increase in the white blood cells and red blood cells even at prolonged
nanoparticles treatment without any effect on the coagulation index
factor [79].

Paclitaxel (Ptx) has been used in the treatment of gastric cancer.
There are few side effects affiliated with the use of paclitaxel and to
overcome this problem paclitaxel loaded biodegradable nanoparticles
have been synthesized with tetrandrine to increase the stability of
paclitaxel loaded nanoparticles. Oxidation therapy by these
nanoparticles can be by the ROS production from tetrandrine while
paclitaxel could synergistically deplete the cellular antioxidants in the
cells and increase cytotoxicity. The co-administration of these two
drugs provides an efficient therapeutic strategy for the gastric cancer
[80].

Gastrointestinal irritation
Gastrointestinal irritation caused by many drugs. One of them is

triptolide is being used in many biological applications [81] behaving
as anti-inflammatory, immunosuppressive, anti-fertility, anti-
cytogenesis and anti-cancerous drug [82] irrespective to poor solubility
and highly toxicity. It is responsible in causing adverse effects of
gastrointestinal tract such as nausea, anorexia, vomiting, diarrhea, and
gastrointestinal ulcer and bleeding [83]. Triptolide-loaded solid lipid
nanoparticles (TP-SLN) of particle size 179.8 ± 5.7 nm have reduced
gastric irritation in rats of oral administration and the drug was
released in a sustained released pattern in vitro and stable in gastric
fluids without significant size change even at 3 h of incubation [84].

Nanoparticles with peptidic ligands can be used for specific
targeting in the gastrointestinal (GI) tract due to having small size,
high surface area and high selectivity for the functional groups
modification. Nanotechnology is trying to overcome the problem of
oral delivery of proteins drugs having poor membrane permeability,
high molecular weight, and enzymatic degradation of protein drugs
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[9]. Tsai et al. have synthesized the hyaluronan-cisplatin conjugate
nanoparticles (HCNPs) as a specific drug delivery carrier for colon
targeting by entrapping them in Eudragit S100-coated pectinate/
alginate microbeads (PAMs) that are helpful to alleviate the
nephrotoxicity in vivo caused by cisplatin [85]. As for as the
therapeutic effects are concerned micro and nanoparticles have a great
contribution in disease treatment. CD98 siRNA/polyethyleneimine
(PEI)-loaded NPs have beneficial effects to decrease the colitis by
releasing CD98-specific siRNA to colonic cells and down regulation of
CD 98 in the intestinal epithelial and in macrophage cell in the treated
mice [86].

Colorectal cancer
Colorectal cancer is among the frequently diagnosed cancers

affecting around a million of people per year in the world [87].
Recurrent colon cancer is not easy to cure by conventional
chemotherapeutic approaches [88]. There is a need for the
development of effective therapies to prevent the colorectal cancer.
Many delivery systems including nanoparticle delivery systems have
been used recently to deliver the drugs in a target delivery. One of the
example is CS-TPP/IL-21 nanoparticles (chitosan encapsulated IL-12
incorporated by tri-polyphosphate as a cross linking agent). Cytokine
delivery system by these nanoparticles significantly reduce the
colorectal liver metastasis due to the IL-21 as compare to the CS-TPP
treated mouse by exploiting liver immunity [89].

Methotrexate loaded and folic acid conjugated guar gum
nanoparticles (MTX-FA-GGNP) directly release the methotrexate in
the colonic fluid while protecting the pre-release of drug in the upper
gastrointestinal tract. From in vivo studies it has been revealed that
folic acid conjugated NPs can address the colorectal cancer by over
expressing the folate receptors on the cancerous cells [90]. Retinoic
acid has been used in the treatment of various tumors due to its anti-
proliferative, anti-migration and anti-invasive efficacy but there are
some factors that limit its efficacy and to overcome this limitation;
deoxycholic acid conjugates nanoparticles (DexDA) with the
incorporation of retionic acid has been used in vitro and in vivo
studies to investigate the anti-cancer activity. These nanoparticles
showed similar anti cancerous activity in vitro and higher anti-
metastatic activity in vivo in a CT26 pulmonary metastatic animal
model [91].

Solid lipid nanoparticles have been used as a delivery system for the
anti-cancer drugs and acting as anti-inflammatory agents. As cited
cholesteryl butyrate solid lipid nanoparticles (cholbut SLN) offer a
delivery system for anti-cancer drug butyrate by inhibiting the
adhesion of cancer cells (polymorphic nuclear cells) to the
endothelium derived from various human cancer cell lines by down
modulating the ERK and p38 phosphorylation [92].

Gastric toxicity
Ibuprofen (IBU) cause gastric toxicity revealed by growing number

of studies while in case of oral delivery and incorporating this drug
into biodegradable polymer; Poly (DL-lactic acid) (PLA) reduced the
gastric toxicity by systematic circulation of drug [93]. As it is a non-
steroidal anti-inflammatory drug is responsible to inhibit the
promotion and proliferation of various tumors. Anti-proliferative
effects of ibuprofen have been tested on MKN-45 human gastric cell
line by ibuprofen-loaded PLGA NPs with greater efficiency and at low
doses of ibuprofen [94]. Colloidal nanoparticles as nano-carrier agents

are the well suited drug delivery systems to overcome the dose limited
adverse effects of the unselective drug availability particularly in the
treatment of inflammation of bowel disease and in gastric ulcer [95].
Poly (amido amine) (PAMAM) dendrimers conjugated to SN38 has
improved oral bioavailability of persuasive anti-cancer drugs with
minimal GI toxicity [96].

Esophageal cancer
Esophageal cancer related deaths are at seventh level world

worldwide can be treated by photothermal ablation therapy using
chitosan-coated gold/gold sulfide (CS-GGS) nanoparticles.
Biocompatible gold nanoparticles (GNPs) with chitosan surface
modification are used in cell's response to X-ray irradiation
applications in tumor radiation therapy by increasing the radiation
therapeutic sensitivity to cells [97]. Combining gold nanoparticles with
near infrared-absorbing light is a feasible approach to destroy the
malignant tissue while leaving healthy tissue unharmed by providing
an optimal endo-luminal therapeutic option for esophageal cancer
[98]. CeO2 NPs have radical scavenging and UV-filtering properties in
the biomedical applications [57].

Colon cancer
Colon is the representative targeted organ in GI diseases and a large

number of drugs are used to cure and to target the colon. The current
strategy is the use of different natured drugs loaded nanoparticles
including small modalities like siRNA and tripeptide to larger
molecules like proteins for example nano-lactoferin; an iron binding
protein has also been used in the diagnostic, imaging, cancer and in
infectious diseases [99]. These modalities can be used in an
unaccompanied or co administered way to treat the diseases associated
with GI tract in a cost effective way.

PLGA nano system is considered as best drug delivery system that is
associated with different drug delivery systems. Meloxicam is a non-
steroidal anti-inflammatory drug that is an enolic acid type effective in
the inhibition of COX-2 enzymes as these are the cancer causing
enzymes. Sengel-Turk et al. have prepared the meloxicam loaded
PLGA nano particles by combining and modifying the salting out and
emulsion evaporation technique. PLGA (50:50 of 5-15 kDa or 40-75
kDa) and meloxicam (1:3) were mixed in an organic phase in the
presence of acetone and dichloromethane. Aqueous phase transfer was
done in the varying weights of PVA and then emulsification was done
with the ultra-sonication. Continuous stirring and addition of aqueous
PVA completely evaporates the di-choloromethane and pure form of
modalities was acquired after ultracentrifugation and washing with
ultra-pure water. As prepared spherical shaped, negatively charged
meloxicam loaded PLGA nanoparticles is effective for the colon cancer.
These nanoparticles are efficiently taken up by the HT-29 cells (COX-2
expressing human colon adenocarcinoma cell line) and markedly
increase the cytotoxicity at 800 micro-molar concentrations. These
nanoparticles have considerable cytotoxic effects and effective drug
delivery system of meloxicam for the treatment of colon cancer [100].

Hydrogel based anti-inflammatory drugs loaded nanoparticles are
used to target the digestive tract including colon. This strategy is based
on electrostatic interactions of positive and negative polysaccharides
effective in the reduction of colon inflammation even at lower doses
and efficient delivery of drugs to the colon. Laroui et al. have designed
the hydrogel based nanoparticles in situ by double cross linking
process mediated by Ca2+ and SO4

2− of chitosan and alginate. These
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nanoparticles can specifically target the colon after the oral
administration (by double gavage) into the mouse gastrointestinal tract
with a reduced rate of nanoparticles degradation in the aggressive
environmental conditions of gastrointestinal tract [101].

Colitis induced by dextran sulfate sodium (DSS) can be treated by
using fruit derived grape exosome-like nanoparticles (GELNs). The
findings of Ju et al. have revealed that these edible exosomes like
nanoparticles can efficiently take up by the mouse intestinal stem cells
and helps to promote the Lgr5hi stems cells of intestine by mediating
the intestinal tissues remodeling and protection [102].

In the intestinal tract mixture of complex compounds including
enzymes, food, bacteria, etc., can sometimes reduce the toxicity of the
ingested nanoparticles [17].

Conclusions
This review has summarized the advantages and disadvantages of

nano based systems in the treatment of major gastrointestinal diseases.
In the field of medicine, nanotechnology is the rapidly growing area of
investigation. Nano-medicine is a promising therapeutic representative
in the gastrointestinal tract. Their physio- chemical properties such as
high surface to volume ratio, less cytotoxic to healthy tissues, ease in
hydrophobic drug delivery, stability and biodegradability are
important to be considered. Different types of nanoparticles have
prospective uses in the field of gastroenterology as they overcome the
conventional system of treatment in many gastrointestinal diseases due
to their less toxic, target specific, efficient, reliable and practicable
approach and they can be used in the diagnosis and personalized
therapies. Keeping in view the advantages of nano materials,
disadvantages of the nano based systems cannot be overlooked in the
applications of modern health care practices. So, there is an imperative
need of careful approach and consideration in the selection of less
toxic nano-based drugs in the disease therapy. Risk assessment of these
nanoparticles is of great concern to avoid unnecessary hazardous
effects because most of the nanoparticles possess toxicity and drug
resistance in the biological systems after incorporation. A safe
approach and detail study in the selection of nano based system is of
main concern particularly in the in-vivo systems as these systems are
based on close clinical diagnosis and these studies play key role in the
future of nano-medicines.
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