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ABSTRACT

Nanoparticles were considered as the revolutionized drug delivery system besides
conventional drug delivery. Nanoparticles prepared with chitosan were found to be
biodegradable and biocompatible with low toxicity which made chitosan as a valuable tool to
manipulate the molecules and their structures. Chitosan nanoparticles can be delivered
through parenteral and per-oral routes that offer a valuable tool for novel targeted drug
delivery systems.Chronic inflammation of gastro intestinal tract due to inflammatory bowel
disease was frequently occurred in young people. Anti-inflammatory drugs suppress the
intestinal inflammatory burden with limited therapeutic efficacy by developing adverse drug
reactions. Thus, the drugs have been targeted using novel drug delivery strategies for elevated
therapeutic efficacy by diminishing adverse drug reactions. The efficacy of corticosteroids
and aminosalicylates were explained using many randomized trials from 4 to 5 decades that
continued till today. The review summarizes the structure and properties of chitosan, methods
for production of chitosannanoparticles and efficacy of corticosteroids and aminosalicylates
in the treatment of Inflammatory Bowel Disease.
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1. INTRODUCTION:

1.1 Brief perception on Inflammatory Bowel Disease (IBD):
IBD is collectively called as Crohn’s Disease (CD) and Ulcerative Colitis (UC) which
was characterized as chronic inflammatory disease of gastro intestinal tract. IBD is very
common in western countries with 1.4 million people affected in United States and 2.2
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million in Europe [1-3]. IBD is associated with an elusive interaction of environmental
factors and genes [4] like smoking[5-7], diet [8,9], intestinal permeability [10], colonic
mucus [11,12], genetic factors [13], microbial agents [14] etc. CD and UC are associated
with a variety of complaints like fever, bloody diarrhoea, weight loss, abdominal pain and
vomiting. Extra intestinal manifestations are common and mostly affect joints, skin, eyes
and bile ducts [15-17].

The treatment of IBD depends on the severity of disease subtype, pre-existing illness and
patient tolerance to drugs. The most common classes of drugs in the treatment of IBD
includes anti-inflammatory (aminosalicylates, corticosteroids etc) and imunosupressive
agents (azathioprine, 6-mercaptopurine etc) [18,19]. Considerable challenge in the
therapy of IBD is the prevention of drug related side effects including mortality.

Ulcerative

FIG.1: COLON WALL WITH ULCERATIVE COLITIS AND CROHN’S DISEASE

TABLE 1: DRUGS USED IN THE TREATMENT OF IBD AND ITS SIDE EFFECTS

SI.No Class Drugs Side effects
1 Anti-inflammatory ~ 5-Aminosalicylates  Sulfasalazine Headache, Nausea,

(mainly for UC) [20] Mesalazine Epigastric pain,
Olsalazine Diarrhoea [21-23]
Balsalazide

Corticosteroids [24]  Prednisolone Acne, Moon face,
Prednisone Oedema, dyspepsia,
Budenoside glucose intolerance[25]

Methylprednisolone

2 Immunosuppressant  Thiopurines [26] Azathioprine, Myalgia, Diarrhoea,
Mercaptopurine Hepatotoxicity [27,28]
Tremor, Malaise.

Cyclic polypeptide  Cyclosporin [29] Gingival hyperplasia,
Hirsutism [30]

3 Anti-neoplastics Folate derivative Methotrexate [31]  Nausea, vomiting,
Diarrhoea,
Stomatitis[32]
4 TNF-a blocker [33] Monoclonal Infliximab Fever, Myalgia, Joint
Antibody Pain and stiffness
[34,35]

*TNF — Tumor Necrosis Factor.
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1.2 Concept of Drug Targeting:

“Magic bullet” was a scientific concept developed by a German physician Paul Ehrlich in
1908 [36]. The concept was evolved to Kill a specific microorganism which causes
diseases in the body. Just like the bullet hits the target, he found the concept to
specifically target invading microbes with maximum therapeutic efficacy and
simultaneous reduction of side effects [37].

Currently this concept has become a predominant approach for targeting the drug to a
specific organ. Many efforts and attempts were made till today in order to develop an
innovative drug delivery system for the treatment of IBD. With considerable advances in
the field of pharmacy, innovative drug carriers were developed which can efficiently
deliver the drug at inflammed intestinal areas and target the drug to the site of
inflammation.

1.3 Targeted Drug Delivery in IBD — Basic requirements:

Main priority of drug targeting in IBD is, availability of concentration of active
ingredients at the site of inflammation to improve the therapeutic efficacy with complete
biodegradation and biocompatibility without pro-inflammatory properties. Moreover
targeted drug delivery systems have to be formulated as peroral dosage forms to induce
and maintain compliance.
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FIG.2:.THERAPEUTIC BENEFIT OF TARGETED DRUG DELIVERY STRATEGY

[38]

1.4 Chitosan Nanoparticles — Promising system in the treatment of IBD:

2

Chitosanoffers various advantages over other polymeric carriers in its biodegradability,
biocampatibility, easier formulation techniques with low toxicity. Chitosan nanoparticles
avoid the use of hazardous organic solvents, since they are soluble in aqueous acidic
solutions. Cationic nature of chitosan improves crosslinking with multivalent anions [39].
Microparticulates of various drugs and prodrugs like sulfasalazine [40], prednisolone
[41], salazosulfapyridine [42] etc has been successfully formulated for the treatment of
IBD.

STRUCTURAL FEATURES AND PROPERTIES OF CHITOSAN:

2.1 Chitosan:
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Chitosanwas a best polysaccharide which was used as a carrier in various biomedical and
pharmaceutical preparations [43-45].Chitosan is a second abundant natural
polysaccharide made of randomly distributed -(1-4) linked D-glucosamine and N-acetyl-
D-glucosamine. It is obtained by deacetylation of chitin extracted from the shells of
shrimps and crabs [46]. Chitosan is a positively charged, linear, hydrophillic compound
with mucoadhesive property for the preparation of nanoparticles [47,48].Chitosan is
digested by chitinases, that are secreted by intestinal microorganisms or plant ingredients
or by lysozymes [49,50].
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FIG.3: STRUCTURE OF CHITIN AND CHITOSANI51]

2.2 Structural features:
Chitin and chitosan weredifferentiated based on N-acetyl-D-glucosamine units with more
than 50% in chitin and less than 50% in chitosan [49]. The presence of primary amine at
C-2 position of glucosamine residue made chitosan as an important polysaccharide for the
fabrication of functional drug delivery. Presence of amino groups makes the molecule
with high charge density and readily available for chemical reactions and salt formation
with acids. It can interact with polyions and forms complexes and gels [52,53].

2.3 Properties:

Physicochemical properties of chitosan mainly depend on degree of deacetylation,
molecular weight and its viscosity [49]. Solubility, hydrophobicity, ability to interact with
polyanions were mainly affected by degree of deacetylation [54-56]. Greater solubility
and fast degradation was exhibited by chitosan having low molecular weights with lower
deacetylation and vice versa[56-59]. pKa of chitosan was found to be approximately 6.5
on amine groups with pH less than 6 reflecting polycationic behavior of chitosan [60-62].
Solubility of chitosan can be improved by quarternization that forms trimethyl chitosan
derivatives at neutral and basic pH [60]. At higher pH above 6.5 deprotonation of amines
takes place that undergo interpolymer associations leading to film and gel formation [52].
Adhesivity of chitosan is mainly due to presence of amino and carboxyl groups that can
be combined with glycoprotein in mucus, to form hydrogen bond. The mucoprotein
present in the mucus is negatively charged, there by chitosan and mucus was attracted to
each other and prolongs the retention time of drug, improving drug bioavailability.
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FIG.4:ELECTROSTATIC INTERACTION BETWEEN CHITOSAN AND
MUCUS[63]

3. METHODS FOR THE PREPARATION OF CHITOSAN NANOPARTICLES:
3.1 Emulsification and cross linking:

This method involves the preparation of W/O type of emulsion and subsequent
addition of cross linking agent to the formed droplets. Glutaraldehyde was used as a
cross linking agent to harden the formed droplets. Amino groups of Chitosan undergo
covalent crosslinking with the aldehyde groups of glutaraldehyde, thereby production
of chitosan nanoparticles [64]. Tedious procedures and application of harsh
crosslinking agents (glutaraldenyde) makes this method a major drawback [65].
Glutaraldehyde may induce toxicity and affects drug integrity which leads to a
progressive shift towards less tedious procedures.
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FIG.5:REACTION BETWEEN AMINO GROUPS OF CHITOSAN AND
CARBONYL GROUPS OF GLUTARALDEHYDE[66]
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FIG.6:EMULSIFICATION AND CROSS LINKING

3.2 Emulsion droplet coalescence:

Chitosan was dissolved in the aqueous solution of drug and a small aliquot of this
solution is added to 10 ml of liquid paraffin containing span 80. W/O type of
emulsion was formed using high speed homogenizer. In parallel, another W/O type of
emulsion was prepared by adding 1.5 ml sodium hydroxide to 10 ml of same outer
phase (10 ml of liquid paraffin containing span 80). Both the emulsions were mixed
with high speed homogenizer leading to droplet coalescence. Sodium hydroxide acts
as a precipitating agent for the solidification of chitosan particles. Further the particles
were centrifuged and washed with the help of water, ethanol or toluene [67].
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FIG.7:EMULSION DROPLET COALESCENCE

http://xisdxjxsu.asia VOLUME 18 ISSUE 12 December 2022 1597-1617



http://xisdxjxsu.asia/

Journal of Xi’an Shiyou University, Natural Science Edition ISSN : 1673-064X

3.3 lonic gelation and polyelctrolyte complexation:

High degree of protonation due to the presence of amine groups in chitosan has
capacity to form hydrogels in the presence of specific polyanions [68,69]. Inter and
intra molecular crosslinkages conciliated by anionic molecules has been used to
produce chitosan nanoparticles by ionic gelation and polyelectrolyte complexation
[70]. Small anionic molecules like citrate, phosphate, sulphate induces ionic gelation
while large anionic molecules like tripolyphosphate induces polyelectrolyte
complexation, sometimes can be called as complex coacervation or interfacial
coacervation [71,72].The mean particle size of nanoparticles at ultrasonication,
decreases with increasing in solution temperature [73]. The size and surface charge of
nanoparticles can be changed by changing the ratio of chitosan and stabilizer.
Chitosan nanoparticles were prepared in a complete hydrophillic environment with
the help of polyanion tripolyphosphate (TPP) reported by Calvo et al (1997).
Immediately after the addition of TPP to the solution of chitosan, nanoparticles were
formed under mild stirring and room temperature. In order to stabilize the particles
stirring should be continued approximately for 10 minuites and obtained suspension
was centifuged to separate the nanoparticles from unreacted chitosan and
tripolyphosphate. The obtained nanoparticles were washed and dried [74]. Production
of chitosan nanoparticles were improved with increasing the concentration of TPP
[75]. By analyzing the different ratios of chitosan:TPP, it was found that zeta potential
was increased with the increament of chiton concentration which may be due to the
increase of protonated groups of chitosan [76-79]. Using complete hydrophilic
environment, avoidance of organic solvents and high shear forces makes ionic
gelation and polyelectrolyte complexation as a best suitable method for the
preparation of chitosan nanoparticles [62].
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FIG.8: QUANTITY OF RECOVERED NANOPARTICLES AS A FUNCTION OF
AMOUNT OF TPP ADDED.[75]
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FIG.9: EFFECT ON CHITOSAN:TPP RATIO ON THE SIZE OF

NANOPARTICLES AND ZETAPOTENTIAL.[80]
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FIG.10:10NIC GELATION AND POLYELCTROLYTE COMPLEXATION

3.4 Modified ionic gelation with radical polymerization:
Modified ionic gelation is derived from ionic gelation with introduction of acrylic
acid monomers. The method involves addition of aqueous monomer solution of
acrylic or methacrylic acid with aqueous solution of oppositely charged chitosan.
Polyethylene glycol or polyether was also added in some cases either separately into
monomer solution or following mixing with chitosan. lonic interactions between the
opposite charges of chitosan and acrylic/methacrylic acid occurs and radical
polymerization of acrylic/methacrylic acid is initiated by the addition of potassium
persulfate. Polymerization reaction lasts for six hours under nitrogen stream with
temperature raised from 60-70°C. Formed nanoparticles were allowed to settle
overnight, centrifuged and washed thereafter with distilled water [81,82,83].
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FIG.11:MODIFIED IONIC GELATION WITH RADICAL
POLYMERIZATION

3.5 Emulsification and solvent diffusion:

Emulsion solvent diffusion is based on the partial miscibility of organic solvent with
water. In this method organic solvents (eg: methylene chloride and acetone)
containing a hydrophobic drug was added to an aqueous solution containing chitosan
and stabilizer (eg lecithin and poloxamer) under stirring. This leads to the formation
of O/W type of emulsion which was then subjected to high pressure
homogenization[84]. Under reduced pressure methylene chloride was removed
thereby acetone diffuses to the aqueous phase reducing chitosan solubility.
Nanoparticles were formed upon polymer precipitation and complete diffusion of
acetone was favoured by adding additional amount of water. Finally nanoparticles
were centrifuged and isolated. This method is suitable for encapsulating hydrophobic
drugs with high encapsulation efficiencies. Limited studies on this method revealed
that chitosan molecular weight, homogenization rate were expected to affect final
properties of the vehicles [84].
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FIG.12:EMULSIFICATION AND SOLVENT DIFFUSION

Acetone difusion

3.6 Reverse miscellization:
Mitra et al. (2001) reported the production of chitosan nanoparticles in the form of
reverse miscelles [85]. Reverse miscelles form W/O type of system in contrast to
regular miscelles that form O/W type of system. This method involves the addition of
a lipophilic surfactant (cetyl triethyl ammonium bromide or sodium bis(ethylhexyl)
sulfosuccinate) to an organic solvent (n-Hexane) to prepare W/O microemulsion.
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Chitosan, drug and glutaraldehyde was dissolved in water and added to the organic
phase under continuous stirring. At this stage reverse miscelles were produced and
nanoparticles were extracted following solvent evaporation [86]. Reverse
miscellization has an advantage of producing the nanoparticles with size lessthan
100nm [87].

Drug+ Chitoson+
Glutaraldehyde
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2
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Sodium bis (ethylhexyl) sulfosuccinate W/O Emulsion
Chitoson NPs

FIG.13:REVERSE MISCELLIZATION

3.7 Precipitation:

This is a quite simple method where chitosan nanoparticles were produced by blowing
chitosan solution into an alkaline solution of sodium hydroxide or
methanol.Coacervate particles can be formed by blowing the air through compressed
air nozzle. Particles were separated by filtration followed by washing with hot air and
cold water. Parameters like compressed air pressure, diameter of spray nozzle and the
concentration of chitosan affects the particle size and shape [88]. The method may be
simple but, particles with weak mechanical strength and irregular morphology may be
produced.

3.8 Emulsification and Ultrasonic coalescence:

Ultrasonic W/O emulsion by coalescence and precipitation is a complex process in
which two nonstable W/O emusions were prepared. Emulsion with chitosan and
emulsion with coagulant was prepared separately by continuous stirring of aqueous
phase, oil phase and surfactant at 600RPM for 10 minutes. Both the emulsions were
sonicated at 24 kHz amplitude for one minute for the production of stable
miniemulsions. W/O miniemulsions of chitosan and coagulant were mixed together
while being sonicated with same frequency for 5 minuites. During this process
coalescence, precipitation and agglomeration of chitosan nanospheres occurs and
centrifuged at 4200 RPM. The chitosans were collected and washed with distilled
water [89].
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TABLE 2:CHITOSAN NANOPARTICLES PREPARED BY VARIOUS METHODS.

Production . . .
Method Drug Matrix composition Therapeutic Use
lonic gelation Rifaximin [90] Chitosan —TPP IBD
Resveratrol [91] Chitosan-Tricarballic acid IBD

Emulsion droplet Gadopentetic acid [67] Chitosan Cancer
coalescence 5-Fluorouracil [92] Chitosan, Eudragit S-100 Cancer
Emulsification Paclitaxel [93] Chitosan Cancer
cross linking
Ultrasound Eugenol [94] Chitosan Anti-bacterial
mediated

emulsification

Modified ionic Oral Insulin Delivery  Chitosan, Fatty/Amino acid Anti-diabetic
gelation with [95] with N-Isopropyl
radical acrylamide and 3-
polymerization aminopropyltriethoxyxilane
Emulsificationand  Cyclosporin — A [84] Chitosan — Lecithin, Immunosupressant
solvent diffusion Poloxamer 188.
Reverse Levofloxacin [96] Chitosan — Acetic acid, Antibiotic
miscellization Poloxamer 188.
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Reverse

Chitosan nanoparticles  Chitosan-glutaraldehyde-  Antimicrobial/Delivery
miscellization [97] sodium bis(ethylhexyl) agent

sulfosuccinate

4. CORTICOSTEROIDS IN THE TREATMENT OF IBD:

Various corticosteroids in the form of prednisone, oral prednisolone, budenoside,
methylprednisolone etc were used in the treatment of IBD. These are potent
antiinflammatory agents that have no role in maintenance therapy either for ulcerative
colitis and crohn’s disease. Corticosteroids act through inhibiting the inflammatory
pathways like induction of IkB (IkB kinase) that stabilizes NK- kB (Nuclear factor—
kappa-light chain enhancer of activated B-cells) complex, supressing interleukin
transcription, supression of arachidonic acid metabolism and stimulation of apoptosis
of lymphocytes present in the lamina propria of gut [98].

4.1 Efficacy in Ulcerative colitis and Crohn’s disease: (Coricosteroids):

Starting at 40 mg daily, oral prednisolone induced remission in 77% (sample size-
118) of patients with mild to moderate UC in two weeks.Oral and rectal steroids as
combination were found to have better therapeutic efficacy and adverse effects were
seen at a dose of 60mg daily. Rapid reduction of prednisolone dose leads to relapse
and doses lessthan 15 mg/day was found to be ineffective in the treatment of UC [99-
101]. Budenoside was also effective for treating mild to moderate left sided and
extensive colitis [102].

Starting at 0.5 to 0.75 mg/kg/day, Prednisone induced remission in 60% (sample size-
162) of the patients with CD in the trail conducted by The National Co-operative
Crohn’s Disease Study for about 17 weeks [104]. Prednisone induced remission in
83% (sample size- 105) of the patients in the trail conducted by European Co-
Operative Crohn’s Disease Study for about 18 weeks [103]. Budenoside is the best
alternative for active ileo- ascending colonic disease [105-107]. Another study
conducted for 12 weeks explains that oral budenoside (9 mg/day CR) is effective and
remission occurred in over 60% (sample size- 178) of patients when compared to
prednisolone (40 mg/day CR) with a remission of 42% [108].

TABLE 3:EFFICACY OF CORTICOSTEROIDS IN IBD

Type of Tested Interventions No of % of Period of
Severity IBD Patients Remission study
(n)
Short Term- CD BUD 9 mg Daily 80 48
(Mild to BUD 4.5 mg 79 53 8 Weeks
Moderate) Placebo [109] 41 33
CD BUD 9 mg Daily 58 60
BUD 4.5 mg BID 61 42 8 Weeks
PREL 40 mg Daily and tapered [108] 58 60
CD BUD 3mg TID 34 56 8 Weeks
PREL 48 mg Daily and tapered [110] 33 72.7
CD BUD 3mg TID 100 51 8 Weeks
PREL 40 mg Daily and tapered [111] 101 52.5
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Short Term — ucC PRED 60 mg 20 65
(Moderate to PRED 40 mg 20 65 5 Weeks
Severe) PRED 20 mg TID [112] 20 30
CD Methyl Prednisolone 40 mg/day 47 83
(8 mg/week tapered)
Sulfasalazine 3 gm/day 54 50 18 Weeks
Methyl Prednisolone 40 mg/day+ 56 78
Sulfasalazine 3 gm/day
[103]
Long Term CD Methyl Prednisolone 8 mg/day 113 57 and 42
Sulfasalazine 3 gm/day 117 43and 33 land?2 Year

Methyl Prednisolone 8mg/day + 112 50 and 39
Sulfasalazine 3 gm/day

Placebo [103] 110 30 and 22
ucC Cortisone 100 mg/day— 6 weeks 109 48.8
Or Cortisone 100 mg/day—3 weeks 9 months
tapered to 50-75 mg/day for 6 weeks
Placebo [113] 101 21.1

* BUD-Budenoside, PREL — Prednisolone, PRED- Prednisone, BID-Twice Daily, TID-Thrice Daily.

5. AMINOSALICYLATES IN THE TREATMENT OF IBD:

Sulfasalazine, Balsalazide, Mesalamine and Olsalazine are anti-inflammatory
compounds that contain 5-aminosalicylic acid (5-ASA). These can be given orally or
rectally to decrease inflammation at the wall of intestine. Aminosalicylates can be
used to treat ulcerative colitis and maintain remission but may not be effective in
treating Crohn’s disease. Aminosalicylates works with a mechanism of releasing the
lipid mediators, inflammatory cells, cytokines and reactive oxygen species to act on
epithelial cells.Asacol®, Salofalk®, Pentasa®, Mezavant XL®, Ipocol®, Mesren®,
Salazopyrin®, Dipentum®, Colazide® etc were the marketed oral aminosalicylates
that releases the drug by various mechanisms [114-116].

5.1 Efficacy in Ulcerative colitis and Crohn’s disease: (Aminosalicylates):

Some of the studies demonstrate that rectal 5-ASA showed maximum percentage of
remission in distal ulcerative colitis when compared to rectal steroids [117].
Combination of oral and topical preparations of mesalazine was found to be more
effective due to the increased colonic concentrations of 5-ASA, when compared to
oral preparation alone [118]. Therapeutic advantage of sulfasalazine for maintaining
remission was influenced by tolerability where mesalazine was tolerated by 80% of
patients when compared to sulfasalazine [119,120]. One of the evidence suggest that
once daily dose is effective when compared to multiple dosing where efficacy
depends mainly on prescribed dose than the delivery system [121].

Sulfasalazine at a dose of 4-6 gm/day was found to have some benefit in CD to some
extent in an investigation conducted by National Co-operative Crohn’s Disease Study
[126].

Table 4:Efficacy of Aminosalicylates in IBD
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No of

Type of . . % of Remission  Period of
IBD Tested Interventions Pa?:)nts Complete/Partial study
ucC 5-ASA 4.8 gm/day 24/50 6 Weeks
5-ASA 1.6 gm/day 87 5/13
Placebo [122]

ucC Mesalamine 1.6 gm/day 43 6 Weeks
Mesalamine 2.4 gm/day 158 49
Placebo [123] 23

ucC Mesalamine 0.8 gm/day 68 58.8 6 Months
Mesalamine 1.6 gm/day 58 65.5
Placebo [124] 63 39.7

CD Mesalamine 4 gm/day 310 43 16 Weeks
Placebo [125] 18

CD Sulfasalazine 4.7 gm/day 569 43 17 Weeks
Placebo [126] 30

CONCLUSIONS:

Chitosan is an ideal drug carrier for controlled/targeted drug delivery due to its
biodegradability, biocompatibility, ability to open tight junctions with greater flexibility and
water solubility. Even thoughchitosan nanoparticles can be manufactured using various
methods, ionic gelation was found to be the best suitable method according to the literature.
Using large quantities of organic solvents in other methods madechitosan nanoparticles more
toxic and unstable. Anti-inflammatory efficacy of corticosteroids was effective in short-term
and long-term ulcerative colitis and crohn’s disease, whereas aminosalicylates were found to

be more effective in treating ulcerative colitis when compared to crohn’s disease.
REFERENCES:

E.V. Loftus: Clinical epidemiology of inflammatory bowel disease: incidence,
prevalence, and environmental influences. Gastroenterology 2004;126:1504-1517.

M. Carter, A. Lobo, S. Travis: Guidelines for the management of inflammatory bowel
disease in adults. Gut 2004; 53:v1-v16.

B. Baburajan, M. Parkes: The genetics of inflammatory bowel disease. Hosp. Med. 2003;
64:599-602.

Koutrobakis I, Manousos ON, Mewwissen SGM, Pena AS: Environmental risk factors in
inflammatory bowel disease. Hepatogastroenterology 1996;43:381-393.

Harries AD, Baird A, Rhodes J: Non-smoking: a feature of ulcerative colitis. BMJ
1982;284:706.

Somerville KW, Logan RFA, Edmond M, Langman MJS: Smoking and Crohn’s disease.
BMJ 1984;289:954-956.

Reif S, Klein I, Arber N, Gilat T: Lack of association between smoking and inflammatory
bowel disease in Jewish patients in Israel. Gastroenterology 1995;108:1683-1687.

http://xisdxjxsu.asia VOLUME 18 ISSUE 12 December 2022 1597-1617



http://xisdxjxsu.asia/

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Journal of Xi’an Shiyou University, Natural Science Edition ISSN : 1673-064X

Ainly C, Cason J, Slavin BM, Wolstencroft RA, Thompson RPH: The influence of zinc
status and malnutrition on immunological function in Crohn’s disease. Gastroenterology
1991;100:1616-1625.

O’Morain C, Segal A, Levi A: Elemental diet as a primary treatment of acute Crohn’s
disease: a controlled study. BMJ 1984;288:1859-1862.

Hollander D, Vadheim C, Brettholz E, Pettersen GM, Delahunty T, Rotter JI: Increased
intestinal permeability in patients with Crohn’s disease and their relatives. Ann Intern
Med 1986;105: 883-885.

Raouf A, Parker N, Ryder S, Langdon-Brown B, Milton JD, Walker R, Rhodes JM: lon
exchange chromatography of purified colonic glycoproteins in inflammatory bowel
disease: absence of a selective subclass defect. Gut 1991;32:1139-1145.

Tysk C, Riedelsen H, Lindberg E, Panzini B, Podolsky D, Jarnerot G: Colonic
glycoproteins in monozygotic twins with inflammatory bowel disease. Gastroenterology
1991;100:419-423.

Asquith P, Stokes PL, Mackintosh P, Holmes GKT, Cooke WT: Histocompatibility
antigens in patients with inflammatory bowel disease. Lancet 1974;1:113-115.

Fredericks DN, Relman DA: Sequence-based evidence of microbial disease causation:
when Koch'’s postulates don’t fit. J NIH Res 1996;8:39-44.

S. Ardizzone, P.S. Puttini, A. Cassinotti, G.B. Porro: Extraintestinal manifestations of
inflammatory bowel disease. Dig. Liver Dis 2008; 40: S253-5259.

K. Karlinger, T. Gyorke, E. Mako, A. Mester, Z. Tarjan: The epidemiology and the
pathogenesis of inflammatory bowel disease. Eur. J. Radiol 2000; 35:154-167.

C. Schmidt, A. Stallmach: Etiology and pathogenisis of inflammatory bowel disease.
Minerva Gastroenterol. Dietol 2005; 51:127-145.

K.M. Taylor, P.M. Irving: Optimization of conventional therapy in patients with IBD,
Nat. Rev. Gastroenterol. Hepatol 2011; 8:646-656.

K.L. Isaacs, J.D. Lewis, W.J. Sandborn, B.E. Sands, S.R. Targan: State of the art: IBD
therapy and clinical trials in IBD. Inflamm. Bowel Dis 2005; 11:S3-S12.

Sandborn WJ, Hanauer SB: Systematic review: the pharmacokinetic profiles of oral
mesalazine formulations and mesalazine prodrugs used in the management of ulcerative
colitis. Aliment Pharmacol Ther2003;17:29-42.

Loftus EV, Kane SV, Bjorkman D: Systemic review: short-term adverse effects of 5-
aminosalicylic acid agents in the treatment of ulcerative colitis. Aliment Pharmacol
Ther2004;19:179-189.

Ransford RAJ, Langman MJS: sulphasalazine and mesalazine: serious adverse reactions

re-evaluated on the basis of suspected adverse reaction reports to the Committee on
Safety of Medicines. Gut2002;51:536-539.

Van Staa TP, Travis SPL, Leufkens HJM, et al: 5-aminosalicylic acids and the risk of
renal disease: a large British epidemiological study. Gastroenterology2004;126:1733-
1739.

Franchimont D, Kino T, Galon J, et al: Glucorticoids and inflammation revisited: the state
of the art. Neuroimmunomodulation 2003;10:247-260.

Kane SV, Schoenfeld P, Sandborn W, et al: Systematic review: the effectiveness of
budesonide for Crohn’s disease. Aliment Pharmacol Ther2002;16:1509-1517.

http://xisdxjxsu.asia VOLUME 18 ISSUE 12 December 2022 1597-1617



http://xisdxjxsu.asia/

Journal of Xi’an Shiyou University, Natural Science Edition ISSN : 1673-064X

26.  Tiede I, Fritz G, Strand S, et al: CD28-dependent Racl activation is the molecular target
of aziothioprine in primary human CD4+ T lymphocytes. J Clin Invest2003;111:1133-
1145.

27.  Sandborn W, Sutherland L, Pearson D, et al: Azathioprine or 6-mercaptopurine for
inducing remission of Crohn’s disease. Cochrane Database Syst Rev2000; 2:CD000545.

28.  Pearson DC, May GR, Fick GR, et al: Azathioprine for maintaining remission of Crohn’s
disease. Cochrane Database Syst Rev2000; 2:CD000067.

29. Hawthorne AB: Ciclosporin and refractory colitis. Eur J Gastroenterol Hepatol
2003;15:239-244.

30. D’Haens G, Lemmens L, Geboes K, et al: Intravenous cyclosporine versus intravenous
corticosteroids as  single therapy  for  severe attacks of  ulcerative
colitis. Gastroenterology2001;120:1323-1329.

31.  Fraser AG: Methotrexate: first or second-line immunomodulator? Eur J Gastroenterol
Hepatol 2003;15:225-231.

32.  Te HS, Schiano TD, Kuan SF, et al: Hepatic effects of long-term methotrexate use in the
treatment of inflammatory bowel disease. Am J Gastroenterol2000;95:3150-3156.

33.  Rutgeerts P, Van Assche G, Vermeire S: Optimising anti-TNF treatment in inflammatory
bowel disease. Gastroenterology2004;126:1593-1610.

34. Ljung T, Karlen P, Schmidt D, et al: Infliximab in inflammatory bowel disease: clinical
outcome in a population based cohort from Stockholm County. Gut 2004;53:849-853.

35.  Colombel JF, Loftus EV Jr, Tremaine WJ, et al: The safety profile of infliximab in
patients with Crohn’s disease: the Mayo clinic experience in 500
patients. Gastroenterology2004;126:19-31.

36. Tan SY, Grimes S: "Paul Ehrlich (1854-1915): man with the magic bullet". Singapore
Medical Journal 2010; 51 (11): 842-843.

37. K. Strebhardt, A. Ullrich: Paul Ehrlich's magic bullet concept: 100 years of progress, Nat.
Rev. Cancer 2008; 8:473-480.

38.  Christian Lautenschlager, CarstenSchmidt, DagmarFischer et al: Drug delivery strategies
in the therapy of inflammatory bowel disease. Advanced Drug Delivery Reviews
2014;71:58-76.

39. Kalpana Nagpal, Shailendra Kumar Singh:Chitosan Nanoparticles: A Promising System
in Novel Drug Delivery.Chem. Pharm. Bull. 2010; 58(11):1423-1430.

40. M. Tavakol, E. Vasheghani-Farahani et al: Sulfasalazine release from alginate-N,O-
carboxymethyl chitosan gel beads coated by chitosan. Carbohydrate Polymers 2009;
77:326-330.

41.  Hiraku Onishi, Tomoko Oosegi et al: Preparation and In Vitro Evaluation of Chitosan
Microspheres Containing Prednisolone: Comparison of Simple and Conjugate
Microspheres. Drug Development and Industrial Pharmacy 2005;31:597-605.

42.  Klotz U: Clinical pharmacokinetics of sulphasalazine, its metabolites and other prodrugs
of 5-aminosalicylic acid. Clinical Pharmacokinetics 1985; 10: 285-302.

43. T.Chandy and C. P. Sharma: “Chitosan -As a Biomaterial,” Biomaterials, Artificial Cells
and Atrtificial Organs 1990;18 (1): 1-24.

44, L. llum, I. Jabbal-Gill, M. Hinchcliffe, A. N. Fisher and S. S. Davis:Chitosan as a novel
nasal delivery system for vaccines. Adv. Drug Deliv. Rev 2001; 51:81-96.

http://xisdxjxsu.asia VOLUME 18 ISSUE 12 December 2022 1597-1617



http://xisdxjxsu.asia/
http://smj.sma.org.sg/5111/5111ms1.pdf
https://www.sciencedirect.com/science/article/pii/S0169409X01001715
https://www.sciencedirect.com/science/article/pii/S0169409X01001715

Journal of Xi’an Shiyou University, Natural Science Edition ISSN : 1673-064X

45. 0. Felt, P. Furrer, J. M. Mayer, B. Plazonnet, P. Buri and R. Gurny.Topical use of
chitosan in ophthalmology: tolerance assessment and evaluation of precorneal retention.
Int. J. Pharm 1999;180:185-193.

46. Kas H S:Chitosan: properties, preparations and application to microparticulate systems.J.
Microencapsul. 1997;14:689.

47.  Berscht P C, Nies B, Liebendorfer A and Kreuter J: Incorporation of basic fibroblast
growth factor into methylpyrrolidone chitosan fleeces and determination of the in-vitro
release characteristics. Biomaterials 1994; 15:593.

48.  Hirano S, Seino H, Akiyama Y and Nonaka I: Biocompatibility of chitosan by oral and
intravenous administration.Polym.Eng. Sci. 1988;59:897.

49.  Van der Lubben I. M, Verhoef J. C, Borchard G, Junginger H. E:Chitosan and its
derivatives in mucosal drug and vaccine delivery. Eur. J. Pharm. Sci 2001;14:201-207.

50.  Paul W, Garside C. P, Paul W, Garside C. P, Chitosan, a drug carrier for 2157 century: a
review. STP Pharma Sci 2000;10:5-22.

51. Islem Younesand Marguerite Rinaudo:Chitin and Chitosan Preparation from Marine
Sources. Structure, Properties and Applications. Mar. Drugs 2015; 13(3):1133-1174.

52. Yi H, Wu L. Q, Bentley W. E, Ghodssi R, Rubloff G. W, Culver J. N, Payne G. F:
Biofabrication with chitosan. Biomacromolecules 2005;6:2882-2894.

53. Calvo P, Remunan-Lopez C, Vila-Jato J L and Aloso M J:Novel hydrophilic
chitosan-polyethylene oxide nanoparticles as protein carriers.J. Appl. Polym. Sci. 1997,
63:125.

54. Kiang T, Wen J, Lim H. W, Leong K. W:The effect of the degree of chitosan
deacetylation on the efficiency of gene transfection. Biomaterials 2004;25:5293-5301.

55.  Huang M, Fong C. W, Khor E, Lim L. Y: Transfection efficiency of chitosan vectors:
effect of polymer molecular weight and degree of deacetylation.). Controlled Release
2005;106:391-406.

56. Bowman K, Leong K. W:Chitosan nanoparticles for oral drug and gene delivery.Int. J.
Nanomedicine 2006;1:117-128.

57. Zhang H, Neau S. H: In vitro degradation of chitosan by bacterial enzymes from rat
ceacal and colonic contents.Biomaterials 2002;23: 2761-2766.

58.  Koping-Hoggard M, Varum K. M, Issa M, Danielsen S, Christensen B. E, Stokke B. T,
Artursson P:Improved chitosan-mediated gene delivery based on easily dissociated
chitosan polyplexes of highly defined chitosan oligomers. Gene Ther 2004;11:1441-1452.

59.  Mao S, Shuai X, Unger F, Simon M, Bi D, Kissel T:The depolymerization of chitosan:
effects on physicochemical and biological properties.Int. J. Pharm 2004;281:45-54.

60. LeHoux J. G, Grondin F: Some effects of chitosan on liver function in the rat,
Endocrinology 1993;132:1078-1084.

61. Peniston Q. P, Johnson E: Process for the manufacture of chitosan. U.S. Patent 1980;
4195175.

62.  Tiyaboonchai W: Chitosan Nanoparticles : A Promising System for Drug Delivery.
Naresuan University Journal 2003;11:51-66.

63.  Seong-Chul Hong, Seung-Yup Yo et al:Chitosan-Based Multifunctional Platforms for
Local Delivery of Therapeutics. Mar. Drugs 2017;15(3): 60.

64. Ohya Y, Shiratani M, Kobayashi H, Ouchi T: Release behavior of 5-fluorouracil from
chitosan-gel nanospheres immobilizing 5-fluorouracil coated with polysaccharides and
their cell specific cytotoxicity. Pure Appl Chem 1994; A31: 629-642.

65.  Agnihotri SA, Mallikarjuna NN, Aminabhavi TM: Recent advances on chitosan-based
micro- and nanoparticles in drug delivery. J Control Release 2004; 100: 5-28.

http://xisdxjxsu.asia VOLUME 18 ISSUE 12 December 2022 1597-1617



http://xisdxjxsu.asia/
https://www.mdpi.com/search?authors=Islem%20Younes&orcid=
https://www.mdpi.com/search?authors=Marguerite%20Rinaudo&orcid=
https://www.mdpi.com/search?authors=Seong-Chul%20Hong&orcid=
https://www.mdpi.com/search?authors=Seung-Yup%20Yoo&orcid=

Journal of Xi’an Shiyou University, Natural Science Edition ISSN : 1673-064X

66. Akakuru OU, Isiuku BO: Chitosan Hydrogels and their Glutaraldehyde-Crosslinked
Counterparts as Potential Drug Release and Tissue Engineering Systems - Synthesis,
Characterization, Swelling Kinetics and Mechanism. J Phys Chem Biophys 2017;7: 256.

67. Tokumitsu H, Ichikawa H, Fukumori Y: Chitosan-gadopentetic acid complex
nanoparticles for gadolinium neutron-capture therapy of cancer: preparation by novel
emulsion-droplet coalescence technique and characterization. Pharm Res 1999;16:1830-
1835.

68.  Janes KA, Calvo P, Alonso MJ: Polysaccharide colloidal particles as delivery systems for
macromolecules. Adv Drug Deliv Rev 2001; 47: 83-97.

69.  Terbojevich M, Muzzarelli RAA: Chitosan. In: Phillips GO, Williams P, eds. Handbook
of Hydrocolloids. Cambridge: Woodhead Publishing Ltd 2009; 367-378.

70.  Bhattarai N, Gunn J, Zhang M: Chitosan-based hydrogels for controlled, localized drug
delivery. Adv Drug Deliv Rev 2010; 62: 83-99.

71.  Poncelet D: Microencapsulation: fundamentals, methods and applications. In: Blitz JP,
Gun’ko VM, eds. Surface Chemistry in Biomedical and Environmental Science.
Dordrecht: Springer 2005; 23-34.

72.  Kissel T, Maretscheck S, Packhauser C, Schnieders J, Seidel N: Microencapsulation
techniques for parenteral depot systems and their application in the pharmaceutical
industry. In: Benita S, ed. Microencapsulation: Methods and Industrial Applications. New
York: Taylor & Francis 2006; 99-122.

73.  Tsai M. L, Bai S. W, Chen R. H, Cavitation effects versus stretch effects resulted in
different size and polydispersity of ionotropic gelation chitosan-sodium tripolyphosphate
nanoparticle Carbohydr. Polymers 2008;71: 448-457.

74.  Carvalho EL, Grenha A, Remunan-Lopez C, Alonso MJ, Seijo B: Mucosal delivery of
liposome-chitosan nanoparticle complexes. Meth Enzymol 2009; 465:289-312.

75.  Antonio Rampino, Massimiliano Borgogna et al: Chitosan nanoparticles: Preparation,

size evolution and stability. International Journal of Pharmaceutics 2013; 455:219-228.

76. Q. Gan, T. Wang, C. Cochrane, P. Mccarron: Modulation of surface charge, particle size
and morphological properties of chitosan-TPP nanoparticles intended for gene delivery.
Colloids Surf 2005; 65-73.

77.  A. Grenha, B. Seijo, C. Remunan-Lopez: Microencapsulated chitosan nanoparticles for
lung protein delivery. Eur. J. Pharm.Sci. 2005; 25:427-437.

78. H. Liu, C. Gao: Preparation and properties of ionically cross-linked chitosan
nanoparticles. Polym. Adv. Technol 2009; 20:613-619.

79. S. Rodrigues, A.M.R. Costa, A: Grenha, Chitosan/carrageenan nanoparticles: effect of
cross-linking with tripolyphosphate and charge ratios. Carbohydr.Polym.2012; 89:282-
289.

80.  Andreia Lange de Pinho Neves, Camila Cardoso Milioli et al: Factorial design as tool in
chitosan nanoparticles development by ionic gelation technique. Colloids and Surfaces
A: Physicochem. Eng. Aspects 2014; 445:34-39.

81. HuYJiang X, Ding Y Ge H, Yuan Y Yang C: Synthesis and characterization of chitosan-
poly(acrylic acid) nanoparticles. Biomaterials 2002; 23:3193-3201.

82.  Sajeesh S, Sharma CP: Cyclodextrin-insulin complex encapsulated polymethacrylic acid
based nanoparticles for oral insulin delivery. Int J Pharm 2006; 325:147-154.

83.  Sajeesh S, Sharma CP: Novel pH responsive polymethacrylic acid-chitosan-polyethylene
glycol nanoparticles for oral peptide delivery. J Biomed Mater Res Part B Appl Biomater
2006; 76:298-305.

http://xisdxjxsu.asia VOLUME 18 ISSUE 12 December 2022 1597-1617



http://xisdxjxsu.asia/

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

Journal of Xi’an Shiyou University, Natural Science Edition ISSN : 1673-064X

El-Shabouri MH: Positively charged nanoparticles for improving the oral bioavailability
of cyclosporin-A. Int J Pharm 2002; 249:101-108.

Mitra S, Gaur U, Ghosh PC, Maitra AN: Tumour targeted delivery of encapsulated
dextran-doxorubicin conjugate using chitosan nanoparticles as carrier. J Control Release
2001; 74: 317-323.

Pileni MP: Reverse micelles used as templates: a new understanding in nanocrystal
growth. J Experim Nanosci 2006; 1:13-27.

Tang ZX, Qian JQ, Shi LE: Preparation of chitosan nanoparticles as carrier for
immobilized enzyme. Appl Biochem Biotechnol 2007;136:77-96.
L.E.Shi,X.J.Fang,L.Y.Xing,M.Chen,D.S.Zhu,X.-F.Guo,L.-M.Zhao,Z.-X.Tang: Chitosan
nanoparticles as drug delivery carriers for biomedical engineering. J. Chem. Soc.
Pak.2011;33:929-934.

J. Balcerzak, M. Kucharska, B. Gruchala: Progress on Chemistry and Application of
Chitin and Its Derivatives, Polish Chitin Society 2013;18:13-109.
Kumar J, Newton AMJ: Rifaximin - Chitosan Nanoparticles for Inflammatory Bowel

Disease (IBD). Recent Pat Inflamm Allergy Drug Discov. 2017;11(1):41-52.

Nieves Iglesias, Elsa Galbis et al: Nanostructured Chitosan-Based Biomaterials for
Sustained and Colon-Specific Resveratrol Release. Int. J. Mol. Sci. 2019; 20:398.

Anto Shering M, Kannan C et al: Formulation of 5-fluorouracil Loaded Chitosan
Nanoparticles by Emulsion Droplet Coalescence Method for Cancer Therapy.
International Journal of Pharmaceutical & Biological Archives 2011; 2(3):926-931.

Fang Li, Jianing Li et al:Anti-tumor activity of paclitaxel-loaded chitosan nanoparticles:
an in-vitro study. Materials Science and Engineering C 2010;30: 644.

Ying Shao, Chunhua Wu et al:Eugenol-chitosan nanoemulsions by ultrasound-mediated
emulsification: Formulation, characterization and antimicrobial activity.Carbohydrate
Polymers 2018; 193(1): 144-152.

Ayman M. Atta, Hamad A. Al-Lohedan et al:Synthesis of modified chitosan particles for
oral insulin delivery. Patent No 9828445. 2017.

Nishanth Kumar, S Parthiban et al: Ocular Drug Delivery of Levofloxacin Loaded
Chitosan Nanoparticle by Emulsion Solvent Diffusion Method. Imperial Journal of
Interdisciplinary Research 2016; 2(5): 1137-1142.

Orellano MS, Porporatto C et al:AOT reverse micelles as versatile reaction media for
chitosan nanoparticles synthesis. Carbohydr Polym. 2017;171:85-93.

Benchimol El, Seow CH, Steinhart AH, et al: Traditional corticosteroids for induction of
remission in Crohn’s disease. Cochrane Database Syst Rev 2008;(2): CD006792.

True love SC, Watkinson G, Draper G: Comparison of corticosteroid and
sulphasalazinetherapy in ulcerative colitis. Br Med J 1962; 2:1708-1711.

Baron JH, Connell AM, Kanaghinis TG, et al: Out-patient treatment of ulcerative colitis.
Comparison between three doses of oral prednisone. Br Med J 1962;2:441-443.
Lennard-Jones JE, Longmore AJ, Newell AC, et al: An assessment of prednisone,
salazopyrin, and topical hydrocortisone hemisuccinate used as out-patient treatment for
ulcerative colitis. Gut 1960; 1:217-222.

http://xisdxjxsu.asia VOLUME 18 ISSUE 12 December 2022 1597-1617



http://xisdxjxsu.asia/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kumar%20J%5BAuthor%5D&cauthor=true&cauthor_uid=28034350
https://www.ncbi.nlm.nih.gov/pubmed/?term=Newton%20AMJ%5BAuthor%5D&cauthor=true&cauthor_uid=28034350
https://www.ncbi.nlm.nih.gov/pubmed/28034350
https://www.sciencedirect.com/science/article/pii/S0928493109001945#!
https://www.sciencedirect.com/science/article/pii/S0144861718303655#!
https://www.sciencedirect.com/science/journal/01448617
https://www.sciencedirect.com/science/journal/01448617
https://www.sciencedirect.com/science/journal/01448617/193/supp/C
https://patents.justia.com/inventor/ayman-m-atta
https://patents.justia.com/inventor/hamad-a-al-lohedan
https://www.ncbi.nlm.nih.gov/pubmed/?term=Orellano%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=28578974
https://www.ncbi.nlm.nih.gov/pubmed/?term=Porporatto%20C%5BAuthor%5D&cauthor=true&cauthor_uid=28578974
https://www.ncbi.nlm.nih.gov/pubmed/28578974

Journal of Xi’an Shiyou University, Natural Science Edition ISSN : 1673-064X

102.  Lofberg R, Danielsson A, Suhr O, et al: Oral budesonide versus prednisolone in patients
with active extensive and left-sided ulcerative colitis. Gastroenterology 1996;110: 1713-
1718.

103. Malchow H, Ewe K, Brandes JW, et al: European Cooperative Crohn’s Disease Study
(ECCDS): results of drug treatment. Gastroenterology1984; 86:249-266.

104.  Modigliani R, Mary JY, Simon JF, et al: Clinical, biological, and endoscopic picture of
attacks of Crohn’s disease. Evolution on prednisolone. Groupe d’Etude Therapeutique des
Affections Inflammatoires Digestives. Gastroenterology 1990; 98:811-818.

105. Kane SV, Schoenfeld P, Sandborn WJ, et al: The effectiveness of budesonide therapy for
Crohn’s disease. Aliment Pharmacol Ther 2002; 16:1509-1517.

106.  Munkholm P, Langholz E, Davidsen M, et al: Frequency of glucocorticoid resistance and
dependency in Crohn’s disease. Gut 1994; 35:360-362.

107. Olaison G, Sjodahl R, Tagesson C: Glucocorticoid treatment in ileal Crohn’s disease:
relief of symptoms but not of endoscopically viewed inflammation. Gut 1990; 31:325-
328.

108.  Campieri M, Ferguson A, Doe W, et al:Oral budesonide is as effective as oral
prednisolone in active Crohn’s disease. Gut. 1997;41:209-214.

109.  Tremaine WJ, Hanauer SB, Katz S, Winston BD, Levine JG, Persson T, Persson A:
Budesonide CIR United States Study Group. Budesonide CIR capsules (once or twice
daily divideddose) in active Crohn’s disease: a randomized placebo-controlled study in
the United States. Am J Gastroenterol 2002; 97:1748-1754.

110.  Gross V, Andus T, Caesar I, Bischoff SC, Lochs H, Tromm A, Schulz HJ, Bar U, Weber
A, Gierend M, Ewe K, Scholmerich J: Oral pH-modified release budesonide versus 6-
methylprednisolone in active Crohn’s disease. German/Austrian Budesonide Study
Group. Eur J Gastroenterol Hepatol 1996;8:905-909.

111.  Bar-Meir S, Chowers Y, Lavy A, Lavy A, Abramovitch D, Sternberg A, Leichtmann G,
Reshef R, Odes S, Moshkovitz M, Bruck R, Eliakim R, Maoz E, Mittmann U:
Budesonide versus prednisone in the treatment of active Crohn’s disease. The Israeli
Budesonide Study Group. Gastroenterology 1998;115:835-840.

112. Baron JH, Connell AM, Kanaghinis TG, Lennard-Jones JE, Jones AF: Out-patient
treatment of ulcerative colitis. Comparison between three doses of oral prednisone. Br
Med J 1962;5302:441-443.

113.  Truelove SC, Witts LJ: Cortisone in ulcerative colitis; final report on a therapeutic trial.
Br Med J 1955;4947:1041-1048.

114.  Kefalakes H, Stylianides TJ, Amanakis G, et al: Exacerbation of inflammatory bowel
diseases associated with the use of nonsteroidal anti-inflammatory drugs: myth or reality?
Eur J Clin Pharmacol 2009; 65:963-970.

115.  Takeuchi K, Smale S, Premchand P, et al: Prevalence and mechanism of nonsteroidal
anti-inflammatory drug-induced clinical relapse in patients with inflammatory bowel
disease. Clin Gastroenterol Hepatol 2006; 4:196-202.

116.  Sandborn WJ, Hanauer SB: Systematic review: the pharmacokinetic profiles of oral
mesalazine formulations and mesalazine pro-drugs used in the management of ulcerative
colitis. Aliment Pharmacol Ther 2003; 17:29-42.

117.  Marshall JK, Thabane M, Steinhart AH, et al: Rectal 5-aminosalicylic acid for induction
of remission in ulcerative colitis. Cochrane Database Syst Rev 2010;(1): CD004115.

118. Marteau P, Probert CS, Lindgren S, et al: Combined oral and enema treatment with
Pentasa (mesalazine) is superior to oral therapy alone in patients with extensive

http://xisdxjxsu.asia VOLUME 18 ISSUE 12 December 2022 1597-1617



http://xisdxjxsu.asia/

Journal of Xi’an Shiyou University, Natural Science Edition ISSN : 1673-064X

mild/moderate active ulcerative colitis: a randomised, double blind, placebo controlled
study. Gut 2005; 54:960-965.

119.  Sutherland L, Macdonald JK:Oral 5-aminosalicylic acid for maintenance of remission in
ulcerative colitis. Cochrane Database Syst Rev 2006;(2):CD000544.

120. Dignass AU, Bokemeyer B, Adamek H, et al: Mesalamine once daily is more effective
than twice daily in patients with quiescent ulcerative colitis. Clin Gastroenterol Hepatol
2009; 7:762-769.

121. Kamm MA, Lichtenstein GR, Sandborn WJ, et al: Randomised trial of once- or twice-
daily MMX mesalazine for maintenance of remission in ulcerative colitis. Gut
2008;57:893-902.

122.  Kenneth W. Schroeder, M.D et al: Coated Oral 5-Aminosalicylic Acid Therapy for
Mildly to Moderately Active Ulcerative Colitis. N Engl J Med 1987; 317:1625-1629.

123.  Charles A. Sninsky, MD; David H. Cort, MD et al:Oral Mesalamine (Asacol) for Mildly
to Moderately Active Ulcerative Colitis: A Multicenter Study. Ann Intern
Med. 1991;115(5):350-355.

124,  Stephen B. Hanauer, MD; Charles A. Sninsky et al: An Oral Preparation of Mesalamine as
Long-Term Maintenance Therapy for Ulcerative Colitis: A Randomized, Placebo-
Controlled Trial. Ann Intern Med. 1996; 124 (2):204-211.

125.  Jean-Pierre Gendre,Jean-YvesMary et al:Oral mesalamine (Pentasa) as maintenance

treatment in  Crohn's disease: A  multicenter  placebo-controlled  study.
Gastroenterology1993; 104 (2):435-4309.

126.  Summers RW, Switz DM, Sessions JT Jr, et al: National Cooperative Crohn’s Disease
Study: results of drug treatment. Gastroenterology 1979; 77:847-869.

http://xisdxjxsu.asia VOLUME 18 ISSUE 12 December 2022 1597-1617



http://xisdxjxsu.asia/
https://www.sciencedirect.com/science/article/abs/pii/0016508593904115#!
https://www.sciencedirect.com/science/article/abs/pii/0016508593904115#!
https://www.sciencedirect.com/science/journal/00165085

