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Abstract

In the previous study, chitosan-succinyl-prednisolone conjugate microparticles (MP) were found
to exhibit good efficacy and reduced toxicity nearly as well as their Eudragit L-coated microparti-
cles (MP/EuL). This proposes a question whether enteric-coating of MP is necessary or not. Al-
though MP/EuL were already examined for their pharmacokinetic and gastrointestinal behaviors,
MP have not been done yet. Therefore, in this study, MP were evaluated by investigating pharma-
cokinetic features in detail. MP with the in vitro features equivalent to those of the previous con-
jugate microparticles could be produced more readily in the modified preparative method. Phar-
macokinetic and gastrointestinal behaviors of MP were investigated by intragastric dosing (5 mg
PD eq./kg) to rats with 2,4,6-trinitrobenzenesulfonic acid-induced ulcerative colitis. The plasma
concentration was suppressed extensively in MP as well as MP/EuL, supporting the reduction of
PD systemic toxic side effects. However, the plasma level increased gradually up to 7 h in MP, but
not in MP/EuL. At 8 h after dosing, MP were detected in the stomach to a fair extent, and free PD
was found there, indicating that MP were subjected to trapping in the stomach probably due to
positive charge of chitosan molecules. For MP, such prolonged localization and slow release of PD
in the stomach were probably associated with the gradual increase in plasma concentration.
Therefore, MP/EuL were evaluated to be superior to MP for effective targeting to ulcerative colitis.
Itis concluded that enteric-coating is very important for the targeting system using MP.

Keywords
Chitosan-Succinyl-Prednisolone Conjugate Microparticle, Enteric-Coating, Pharmacokinetic
How to cite this paper: Onishi, H. (2014) Pharmacokinetic Evaluation of Chitosan-Succinyl-Prednisolone Conjugate Mi-

croparticles as a Colonic Delivery System: Comparison with Enteric-Coated Conjugate Microparticles. Health, 6, 1286-1295.
http://dx.doi.org/10.4236/health.2014.611157



http://www.scirp.org/journal/health
http://dx.doi.org/10.4236/health.2014.611157
http://dx.doi.org/10.4236/health.2014.611157
http://www.scirp.org/
mailto:onishi@hoshi.ac.jp
http://creativecommons.org/licenses/by/4.0/

H. Onishi

Feature, Gastrointestinal Behavior, 2,4,6-Trinitrobenzenesulfonic Acid-Induced
Ulcerative Colitis

1. Introduction

Recently, inflammatory bowel disease (IBD), represented by ulcerative colitis (UC) and Crohn’s disease (CD),
has become a serious health problem for many developed countries. IBD is said to be induced by various factors
such as genetic background, change in intestinal environment associated with enteric flora and disorder of intes-
tinal immune system [1]-[3]. However, as the root cause has not been elucidated clearly yet, its treatment is
mainly based on a symptomatic therapy, not a definitive therapy. Although new agents such as antibodies against
proinflammatory cytokines have been developed as new excellent drugs, they are very costly and not easy to use
due to immune system-related side effects [4] [5]; therefore, conventional drugs such as 5-ASA-related agents
and glucocorticoids are still important clinically [6] [7].

Prednisolone (PD) is often used for the treatment of IBD because it can function effectively and promptly
even to the severe diseased states [8] [9]. However, as PD causes severe toxic side effect considerably in a pro-
longed use or high dose, its use is generally limited [10] [11]. It is important for enhancement of efficacy and
reduction of toxic side effect to deliver an anti-inflammatory drug to the diseased site specifically. As to 5-ASA,
sulfasalazine, Pentasa and Asacol, being commercially available, can carry 5-ASA well to the lower intestine
including a colonic area; they can promote efficacy and improve toxicity [12]. As to glucocorticoids, various
targeted delivery systems have been developed based on a similar concept [13] [14]. In particular, for UC, as the
diseased area located in the lower intestine, the techniques such as delayed release or enteric-coating have been
attempted to achieve effective targeting [15]-[18], though the systems related to glucocorticoids have not been
commercially available. Micro- or nano-particles and prodrugs for glucocorticoids have been reported to exhibit
enhanced efficacy and reduced toxicities, which are based on the localization of the drug at the diseased site and
the reduction of the systemic drug level [19]-[21]. Thus, small size particles (submicron-micron order size) and
prolonged release are considered to be important in order to improve the drug function in the treatment of UC
[19] [22].

From such knowledge, PD-loaded microparticles have been developed using chitosan-suscinyl-predinisolone
conjugate and enteric-coating polymer, Eudragit [23] [24]. Before now, Eudragit L-coated conjuagte microparti-
cles (MP/EuL) were evaluated for pharmacological and pharmacokinetic features [25] [26]. The results in effi-
cacy and toxicity are summarized in Figure 1 [26]. MP/EuL showed the most beneficial results in enhanced ef-
ficacy and reduced toxicity, which were found to be based on their pharmacokinetic features. However, conju-
gate microparticles (MP) themselves were found to exhibit excellent results nearly as well as MP/EuL. Namely,
a question whether enteric-coating is necessary or not has remained to be solved. In this study, MP were inves-
tigated for their pharmacokinetic features, and evaluated by comparison with MP/EUL reported before [25]. As
many words or phrases were abbreviated in the paper, their abbreviations were listed in Table 1.

2. Materials and Methods

2.1. Materials

Prednisolone (PD), N-hydroxysuccinimide (NHS) and chitosan (Ch; viscosity grade 1000 (5 g/L, 20°C)) were
purchased from Wako Pure Chemical Industries, Ltd. (Osaka, Japan). Prednisolone 21-hemisuccinate (SP) so-
dium salt (SP-Na), 2,4,6-trinitrobenzenesulfonic acid (TNBS) and 1-(3-dimethylaminopropyl)-3-ethylcarbodii-
mide hydrochloride (EDC) were obtained from Sigma-Aldrich (St. Louis, MO, USA). Sorbitan sesquioleate
(SO-15) was obtained from Nikko Chemicals Co., Ltd. (Tokyo, Japan). All other chemicals were of reagent
grade.

2.2. Animals

Male Wistar rats (7 weeks old; weighing 200 - 210 g) were purchased from Tokyo Laboratory Animals Science
Co. Ltd. (Tokyo, Japan). They were bred on the breeding diet MF supplied by Oriental Yeast, Co., Ltd. (Tokyo,
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Figure 1. Evaluation of anti-inflammatory effect and toxic side effect after intra-gastric administration to rats with TNBS-
induced colitis at the dose of 5 mg PD eq./kg x 6 (12 h intervals). The results are based on the previous report [26]. (a) ad-
ministration schedule (PD: PD alone; MP: Conjugate mcroparticles, MP/EuL: Eudragit L-coated MP, Cont: Comtrol, Norm:
Normal); (b) Cd (Distal colon weight)/B (Body weight) ratio; (c) MPO activity; (d) T (Thymus weight)/B (Body weight) ra-
tio. The results are expressed as the mean + S.E. (n =3 - 4).

Table 1. List of abbreviations.

Abbreviation Original word or phrase
PD Prednisolone
Ch Chitosan
SP-Na Prednisolone 21-hemisuccinate sodium
EDC 1-(3-Dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride
NHS N-Hydroxysuccinimide
MP Conjugate microparticles
MP/EuL Eudragit L-coated conjugate microparticles
TNBS 2, 4, 6-Tinitrobenzenesulfonic acid
ST Stomach
Pl Proximal small intestine
DI Distal small intestine
CE Cecum
PC Proximal colon
DC Distal colon

Japan) with water ad libitum at 23°C £ 1°C and relative humidity of 60% * 5%. They were used for the experi-
ments a few days after purchase. The experimental protocol was approved by the Committee on Animal Re-
search of Hoshi University, Japan. The animal experiments were performed in compliance with the Guiding
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Principles for the Care and Use of Laboratory Animals, Hoshi University, Japan.

2.3. Preparation of Conjugate Microparticles (MP)

MP were produced by referring to the previous reports [25] [26], though the method was modified to some ex-
tent. In the first place, the conjugate between Ch and SP was prepared by the carbodiimide coupling of amino
groups of Ch and the carboxyl group of SP. Briefly, Ch (120 mg) was dispersed in 85 ml of water, and dissolved
by adjusting the solvent pH to 3 with a 1 M HCI aqueous solution. After SP-Na (40 mg) was added to the Ch
solution, the mixture pH was adjusted to pH 5.5 with a 1 M NaOH aqueous solution and EDC (400 mg) and
NHS (240 mg) were added. The resultant mixture was stirred for 3 h under ice cooling and subsequently for 21 h
at room temperature. The product was precipitated with addition of a four-fold volume of acetone, and washed
with a mixture of acetone and water (4:1, v/v). The product was lyophilized to obtain the conjugate powder.

Conjugate microparticles (MP) were prepared by emulsification and subsequent evaporation. The obtained
conjugate (150 mg) were dissolved in a 1% (v/v) acetic acid aqueous solution (30 ml), and emulsified in 450 ml
of liquid paraffin containing 1% (w/v) SO-15 at 1200 rpm at 40°C. The emulsion was sonicated at 45°C under
28 kH for 10 min, and the acetic acid and water were evaporated under reduced pressure while the mixture was
being stirred at 400 rpm at 40°C for 12 h. Then, the mixture was centrifuged at 3000 rpm for 5 min to precipitate
the product. The precipitate was washed with n-hexane, and dried in a desiccator to obtain MP.

2.4. Particle Characteristics and in Vitro Drug Release of MP

The particle size and shape of MP were observed using an OLYMPUS BX51 optical microscope (OLYMPUS
Corp.; Tokyo, Japan). The Green diameter (Feret diameter) was measured for 100 microparticles chosen at ran-
dom. At the same time, their particle shape was observed. The drug content of MP was analyzed by referring to
the previous study. Briefly, the MP sample (2 mg) was suspended in a 0.1 M NaOH aqueous solution (10 ml),
incubated for 10 min at 45°C and centrifuged at 3000 rpm for 5 min. The UV absorbance of the supernatant was
measured at 246 nm using a Beckman DU 640 spectrophotometer to determine the PD concentration.

The in vitro release from MP was investigated using artificial gastric fluid (JP16 1st fluid (pH 1.2)) and artifi-
cial intestinal medium (JP16 2nd fluid (pH 6.8)). Namely, MP were put in 5 ml of JP16 1st and 2nd fluids at a
concentration of 50 pg PD eq./ml. Each mixture was incubated by horizontal shaking at 100 rpm in a water bath
warmed at 37°C. At 1 and 6 h, the mixture was centrifuged at 3000 rpm for 5 min, and the aliquot sample (100
ul) was withdrawn and stored in a freezer at —20°C until analysis. After each sampling, the incubation mixture
was gently stirred, and the incubation was continued. The incubation time was defined as the time for the mix-
ture to be immersed in the water bath at 37°C. To each sample, a 3-fold volume by addition of the HPLC mobile
phase was added, and the resultant mixture was analyzed by HPLC to determine the amount of released PD.

2.5. Animal Experiments

Animal models with ulcerative colitis were produced using instillation of TNBS to the colonic parts of rats [19]
[20] [22]. Namely, after rats were fasted for 48 h, 0.25 mL of 50% (v/v) aqueous ethanol containing TNBS (20
mg) was instilled to each rat into the colonic part 7 cm from the anus through a catheter. Three days after TNBS
treatment, the rats, which weighed 80% - 100% of that immediately before TNBS instillation, were selected as
an ulcerative colitis animal model. Then, the rats were fasted for 24 h. MP were administered intragastrically at
a dose of 5 mg PD eq./kg as a suspension in saline (1.5 ml). Immediately before and 0.5, 1, 2, 4, and 7 h after
administration, blood samples (0.3 ml) were withdrawn via the jugular vein under light anesthesia with ethyl
ether inhalation. Plasma was obtained after centrifugation of the blood at 3000 rpm for 10 min. To the plasma
(100 pl), 100 pl of saturated NaCl aqueous solution, 100 pl of 6% (w/v) phosphoric acid and 4 ml of the mixture
of t-tributyl methyl ether and pentane (3:2, v/v) were added, and the resultant mixture was shaken vigorously.
After the mixture was centrifuged at 3000 rpm for 10 min, 3 ml of the organic phase was taken, and dried under
nitrogen gas. The resultant residue was dissolved in the HPLC mobile phase, and analyzed by HPLC.

One h after blood sampling at 7 h, the animals were sacrificed by excessive inhalation of ethyl ether immedi-
ately. Their stomach (ST), upper half of the small intestine (upper small intestine or proximal small intestine
(PD)), lower half of the small intestine (lower small intestine or distal small intestine (DI)), cecum (CE), upper
one-third of the colon (proximal colon (PC)) and lower two-thirds of colon (distal colon (DC)) were excised.
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The content in each tissue was collected by washing with phosphate-buffered saline, pH 7.4 (PBS), homoge-
nized using a glass homogenizer with a Teflon pestle, and diluted with PBS into 4 ml for ST, PI, DI and PC, and
into 8 ml for CE and DC. First, the amount of free PD in the content suspension was examined as follow. Each
content suspension (100 ul) was treated in the same manner as in plasma. That is, 100 pl of saturated NaCl
aqueous solution, 100 pl of 6% (w/v) phosphoric acid and 4 ml of the mixture of t-tributyl methyl ether and
pentane (3:2, v/v) were added, and the resultant mixture was shaken vigorously. Then, 3 ml of the organic phase
was dried under nitrogen gas at room temperature. The resultant residue was dissolved in the HPLC mobile
phase, and analyzed by HPLC.

In addition, the amount of total (free plus incorporated) PD in the content suspension was determined as fol-
lows. To 100 pl of the content suspension, 20 pl of 0.1 M NaOH aqueous solution was added, and kept at 45°C
for 10 min to hydrolyze the ester. Then, extraction of PD and preparation of the sample for the HPLC assay
were performed as stated above. The obtained sample solution was analyzed by HPLC to determine the total
amount of PD in the content suspension.

2.6. HPLC Assay

HPLC analysis of each sample was performed at room temperature using the following apparatuses and condi-
tions, which were referred to the reports on another macromolecular prodrug of PD [27]. A Shimadzu LC-6AD
pump was used with a Shimadzu SPD-10AV VP UV-VIS detector, which was set at a wavelength of 246 nm
and connected with a Shimadzu C-R7A Chromatopac. A YMC Pack ODS-AM column (6 mm inner diameter x
150 mm length; YMC Co., Ltd., Kyoto, Japan) was used as the analytical column. A 26% (v/v) 2-propanol
aqueous solution containing 0.1% (v/v) trifluoroacetic acid was used as the mobile phase. The HPLC assay was
performed at room temperature, in which the flow rate was set at 1 ml/min and the injection volume was 20 pl.
The PD concentration was determined by the absolute calibration curve method.

2.7. Statistical Analysis

Statistical analyses were performed with one-way ANOVA followed by Tukey-Kramer’s test, and the signifi-
cant difference was set as p < 0.05.

3. Results and Discussion
3.1. In Vitro Characteristics

MP were prepared based on the previous method, but modified to some extent; because, in the previous produc-
tion of MP, the conjugation reaction time was fairly long and the formation of microparticles required high
temperature and long time. In the present study, NHS was added in the EDC conjugation of SP with Ch. The
drug content of the conjugate tended to be a little greater (data not shown), and the conjugation reaction time
could be shortened to 24 h. For the preparation of MP, acetic acid and water of the aqueous droplets in the
emulsion could be removed for a short time (12 h) at low temperature (40°C) by reduced pressure. The obtained
microparticles (MP) are shown in Figure 2. The shape was almost spherical and the size was distributed at the
range of 1 - 4 um. The particle diameter and drug content are shown in Table 2. Their values were almost
equivalent to those of the inside microparticles of MP/EuL reported before [25] [26].

Furthermore, MP were examined for the in vitro release. The results are shown in Figure 3. The drug release
patterns were similar to those of the inside microparticles of the previous MP/EuL. Although a small initial re-
lease was observed, it was considered to be due to the co-existent of PD relieved in particle formation.

PD was released gradually in the artificial intestinal fluid (pH 6.8), while very slowly in the artificial gastric
fluid (pH 1.2). Therefore, although MP were produced by the modified preparation method, they were consid-
ered to have in vitro features quivalent to those of the inside microparticles of MP/EuUL reported before [25]
[26].

3.2. Plasma Concentration-Time Profiles

The plasma concentration-time profile after intragastric administration of MP is described in Figure 4, in which
it (closed square) was compared with those for previously-reported PD alone and MP/EuL (open triangle and
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Figure 2. Optical micrographs of MP (Magnification:
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Figure 3. In vitro release profiles of PD in the incu-
bation of MP in the JP16 1st fluid (pH 1.2) and 2nd
fluid (pH 6.8). The results are expressed as the mean
= S.D. (n = 3). As the S.D. value was smaller than the
symbol size, it could not be seen.

Table 2. Particle size and drug content of each preparation.

Preparation Particle diameter (um) Drug content (%, w/w)
MP 197 +0.49 4.61+0.40
MP/EuL? 31.78 £11.11 3.23+0.68
Inside microparticles in MP/EuL? 1.50 + 0.50 4.60+0.74

Particle diameter (n = 100); drug contentent (n = 3). *The data of MP/EuL were based on the previous papers [25] [26].

circle, respectively). The plasma concentration was suppressed extensively in MP as well as MP/EuL when
compared with that in PD alone. Since the systemic absorption of PD decreased greatly in MP and MP/EuL, the
toxic side effect represented by T/B reduction was considered to be reduced in MP as well as MP/EuL. However,
the magnified figure (Figure 4(b)) showed that the PD levels increased slowly in MP, while it did not in
MP/EUL. This indicated that PD was absorbed slowly for a prolonged period in MP, suggesting that MP should
be inferior to MP/EUL from a viewpoint of the reduction of toxicity.

The pharmacokinetic parameters were calculated using a program MULTI [28], and are shown in Table 3.
The AUC values of MP and MP/EuL were suppressed at 1/14 and 1/70 of that of PD alone, respectively; they
were significantly different from that of PD alone (p < 0.01). This was considered to lead to the reduction of
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Figure 4. Plasma concentration-time profiles (a) after intra-gastric administration at 5 mg PD eq./kg to rats with TNBS-in-
duced colitis. (b) Magnified figure for the square part. The data of MP/EuL and PD were based on the previous report [25].
The results are expressed as the mean = S.E. (n = 3).

Table 3. Pharmacokinetic parameters of each preparation after intragastric administration at 5 mg PD eq./kg in rats with
TNBS-induced colitis.

Preparation Crnax (ng/ml) Tiax (M) AUC (0-7h) (ugh/ml)  MRT (0 -7 h) (h) VRT (0 - 7 h) (h%)

MP 0.11+0.05" 6.00 + 100" %2 0.43 +0.05" 445+0.61™"" 5.27 1437
MP/EuL® 0.05+0.04" 1.33+0.33 0.08 +0.07" 1.43+0.32 0.21+0.18
PD alone® 1.81+0.23 2.00 +0.00 5.97 +1.32 2.20£0.30 1.16 +0.40

The data of MP/EuL and PD were based on the previous report [25]. The results are expressed as the mean + S.E. (n = 3). "p < 0.05 vs. PD alone, “%p

< 0.05 vs. MP/EUL, *p < 0.01 vs. PD alone, “%p < 0.01 vs. MP/EuL (Tukey-Kramer’s test).

toxic side effect. Also, the C.x values were lowered in MP and MP/EuL. On the other hand, Ty MRT and
VRT were significantly different between MP and MP/EuL. This was due to the gradual increase of the plasma
levels in MP as shown in Figure 4(b). This plasma concentration pattern of MP was unsuitable for suppression
of toxic side effects.

3.3. Gastrointestinal Drug Distribution

Gastrointestinal distribution was examined 8 h after intragastric administration of MP. The results are shown in
Figure 5. The distribution profiles were compared with those of the previously-reported MP/EUL [25]. After the
dosing of MP, free PD was observed in the tracts from ST to DC, especially, at a fairly high level in the ST. On
the other hand, after the administration of MP/EuL, free PD was hardly detected throughout the gastrointestinal
tract, except for the PC site. However, the total PD was observed to be distributed mainly in the DI and CE and
colonic sites.

These gastrointestinal distribution profiles of free and total PDs were well consistent with the plasma concen-
tration profiles. Namely, as to MP/EuUL, PD was not distributed in the gastric and upper intestine long, leading to
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Figure 5. Gastrointestinal distribution of free (a) and total (free + conjugated)
PD (b) 8 h after intra-gastric administration to rats with TNBS-induced colitis.
The data of MP/EuL were based on the previous report [25]. The results are
expressed as the mean + S.E. (n = 3).

the low plasma concentration and short residence time in the systemic circulation. In addition, MP/EuL was lo-
cated mostly in the area of DI, CE and colon, indicating that PD could be released only near the diseased site
which was little involved in drug absorption.

On the other hand, after the dosing of MP, free PD still remained in the ST to a fair extent 8 h after the ad-
ministration and to a certain extent in the Pl area (Figure 5(a)), resulting in prolonged absorption of PD. As MP
remained in the ST area to a fairly high extent (Figure 5(b)), PD was considered to be released from the ST area,
though the release rate was very slow. These distribution characteristics of MP were considered to be due to the
cationic charge of chitosan molecules.

As shown above, although MP and MP/EuL could deliver PD to the diseased site for a prolonged period, MP
allowed the drug to be absorbed very slowly for a long time, while MP/EuL did not. In conclusion, MP/EuL
were evaluated to be superior to MP for effective targeting to ulcerative colitis. It is concluded that enteric-
coating is very important for the targeting system using MP.

References

[1] Karlinger, K., Gybrke, T., Maké, E., Mester, A. and Tarjan, Z. (2000) The Epidemiology and the Pathogenesis of In-
flammatory Bowel Disease. European Journal of Radiology, 35, 154-167.
http://dx.doi.org/10.1016/S0720-048X(00)00238-2

[2] Fiocchi, C. (2002) Inflammatory Bowel Disease. Current Concepts of Pathogenesis and Implications for Therapy. Mi-
nerva Gastroenterologica e Dietologica, 48, 215-226.

[3] Danese S. and Fiocchi, C. (2006) Etiopathogenesis of Inflammatory Bowel Diseases. World Journal of Gastroenterol-
ogy, 12, 4807-4812.

[4] Troskot, B. and Simuni¢, M. (2013) Side Effects and Contraindications for Biological Therapy in Inflammatory Bowel
Disease. Acta Medica Croatica, 67, 131-143.

[5] Neef, H.C., Riebschleger, M.P. and Adler, J. (2013) Meta-Analysis: Rapid Infliximab Infusions Are Safe. Alimentary
Pharmacology and Therapeutics, 38, 365-376. http://dx.doi.org/10.1111/apt.12389

[6] Gionchetti, P., Rizzello, F., Habal, F., Morselli, C., Amadini, C., Romagnoli, R. and Campieri, M. (2003) Standard



http://dx.doi.org/10.1016/S0720-048X(00)00238-2
http://dx.doi.org/10.1111/apt.12389

H. Onishi

(7]
(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]
(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Treatment of Ulcerative Colitis. Digestive Diseases, 21, 157-167. http://dx.doi.org/10.1159/000073247

Kihbacher, T., Schreiber, S. and Félsch, U.R. (2004) Ulcerative Colitis: Conservative Management and Long-Term
Effects. Langenbeck’s Archives of Surgery, 389, 350-353. http://dx.doi.org/10.1007/s00423-004-0477-8

Tominaga, K., Nakano, M., Hoshino, M., Kanke, K. and Hiraishi, H. (2013) Efficacy, Safety and Cost Analyses in Ul-
cerative Colitis Patients Undergoing Granulocyte and Monocyte Adsorption or Receiving Prednisolone. BMC Gastro-
enterology, 13, 41. http://dx.doi.org/10.1186/1471-230X-13-41

Tanaka, T., Sugiyama, S., Goishi, H., Kajihara, T., Akagi, M. and Miura, T. (2013) Treatment of Children and Ado-
lescents with Ulcerative Colitis by Adsorptive Depletion of Myeloid Lineage Leucocytes as Monotherapy or in Com-
bination with Low Dose Prednisolone after Failure of First-Line Medications. BMC Gastroenterology, 13, 130.
http://dx.doi.org/10.1186/1471-230X-13-130

Nakajima, A., Doki, K., Homma, M., Sagae, T., Saito, R., Ito, S., Sumida, T. and Kohda, Y. (2009) Investigation of
Glucocorticoid-Induced Side Effects in Patients with Autoimmune Diseases. Yakugaku Zasshi, 129, 445-450.
http://dx.doi.org/10.1248/yakushi.129.445

Mazzantini, M., Torre, C., Miccoli, M., Baggiani, A., Talarico, R., Bombardieri, S. and Di Munno, O. (2012) Adverse
Events during Longterm Low-Dose Glucocorticoid Treatment of Polymyalgia Rheumatica: A Retrospective Study.
Journal of Rheumatology, 39, 552-557. http://dx.doi.org/10.3899/jrheum.110851

Harris, M.S. and Lichtenstein, G.R. (2011) Review Article: Delivery and Efficacy of Topical 5-Aminosalicylic Acid
(Mesalazine) Therapy in the Treatment of Ulcerative Colitis. Alimentary Pharmacology and Therapeutics, 33, 996-
1009. http://dx.doi.org/10.1111/j.1365-2036.2011.04619.x

McLeod, A.D., Friend, D.R. and Tozer, T.N. (1994) Glucocorticoid-Dextran Conjugates as Potential Prodrugs for Co-
lon-Specific Delivery: Hydrolysis in Rat Gastrointestinal Tract Contents. Journal of Pharmaceutical Sciences, 83,
1284-1288. http://dx.doi.org/10.1002/jps.2600830919

Wittaya-areekul, S., Kruenate, J. and Prahsarn, C. (2006) Preparation and in Vitro Evaluation of Mucoadhesive Proper-
ties of Alginate/Chitosan Microparticles Containing Prednisolone. International Journal of Pharmaceutics, 312, 113-
118. http://dx.doi.org/10.1016/j.ijpharm.2006.01.003

Tozaki, H., Komoike, J., Tada, C., Maruyama, T., Terabe, A., Suzuki, T., Yamamoto, A. and Muranishi, S. (1997)
Chitosan Capsules for Colon-Specific Drug Delivery: Improvement of Insulin Absorption from the Rat Colon. Journal
of Pharmaceutical Sciences, 86, 1016-1021. http://dx.doi.org/10.1021/js970018g

Alvarez-Fuentes, J., Fernandez-Arévalo, M., Gonzalez-Rodriguez, M.L., Cirri, M. and Mura, P. (2004) Development
of Enteric-Coated Timed-Release Matrix Tablets for Colon Targeting. Journal of Drug Targeting, 12, 607-612.
http://dx.doi.org/10.1080/10611860400013501

Yamamoto, A. (2007) Study on the Colon Specific Delivery of Prednisolone Using Chitosan Capsules. Yakugaku
Zasshi, 127, 621-630. http://dx.doi.org/10.1248/yakushi.127.621

Kaur, K. and Kim, K. (2009) Studies of Chitosan/Organic Acid/Eudragit RS/RL-Coated System for Colonic Delivery.
International Journal of Pharmaceutics, 366, 140-148. http://dx.doi.org/10.1016/].ijpharm.2008.09.006

Lamprecht, A., Ubrich, N., Yamamoto, H., Schéfer, U., Takeuchi, H., Maincent, P., Kawashima, Y. and Lehr, C.M.
(2001) Biodegradable Nanoparticles for Targeted Drug Delivery in Treatment of Inflammatory Bowel Disease. Journal
of Pharmacology and Experimental Therapeutics, 299, 775-781.

Yano, H., Hirayama, F., Kamada, M., Arima, H. and Uekama, K. (2002) Colon-Specific Delivery of Predniso-
lone-Appended Alpha-Cyclodextrin Conjugate: Alleviation of Systemic Side Effect after Oral Administration. Journal
of Controlled Release, 79, 103-112. http://dx.doi.org/10.1016/S0168-3659(01)00532-6

Onishi, H., Kikuchi, H. and Machida, Y. (2012) Comparison of Simple Eudragit Microparticles Loaded with Predni-
solone and Eudragit-Coated Chitosan-Succinyl-Prednisolone Conjugate Microparticles: Part I. Particle Characteristics
and in Vitro Evaluation as a Colonic Delivery System. Drug Development and Industrial Pharmacy, 38, 800-807.
http://dx.doi.org/10.3109/03639045.2011.628677

Lamprecht, A., Schéfer, U. and Lehr, C.M. (2001) Size-Dependent Bioadhesion of Micro- and Nanoparticulate Carri-
ers to the Inflamed Colonic Mucosa. Pharmaceutical Research, 18, 788-793.
http://dx.doi.org/10.1023/A:1011032328064

Onishi, H., Oosegi, T., Machida, Y. and McGinity, J.W. (2007) Eudragit Coating of Chitosan-Prednisolone Conjugate
Microspheres and in Vitro Evaluation of Coated Microspheres. Drug Development and Industrial Pharmacy, 33,
848-354. http://dx.doi.org/10.1080/03639040701377904

Oosegi, T., Onishi, H. and Machida, Y. (2008) Novel Preparation of Enteric-Coated Chitosan-Prednisolone Conjugate
Microspheres and in Vitro Evaluation of Their Potential as a Colonic Delivery System. European Journal of Pharma-
ceutics and Biopharmaceutics, 68, 260-266. http://dx.doi.org/10.1016/j.ejpb.2007.06.016

Oosegi, T., Onishi, H. and Machida, Y. (2008) Gastrointestinal Distribution and Absorption Behavior of Eudragit-



http://dx.doi.org/10.1159/000073247
http://dx.doi.org/10.1007/s00423-004-0477-8
http://dx.doi.org/10.1186/1471-230X-13-41
http://dx.doi.org/10.1186/1471-230X-13-130
http://dx.doi.org/10.1248/yakushi.129.445
http://dx.doi.org/10.3899/jrheum.110851
http://dx.doi.org/10.1111/j.1365-2036.2011.04619.x
http://dx.doi.org/10.1002/jps.2600830919
http://dx.doi.org/10.1016/j.ijpharm.2006.01.003
http://dx.doi.org/10.1021/js970018g
http://dx.doi.org/10.1080/10611860400013501
http://dx.doi.org/10.1248/yakushi.127.621
http://dx.doi.org/10.1016/j.ijpharm.2008.09.006
http://dx.doi.org/10.1016/S0168-3659(01)00532-6
http://dx.doi.org/10.3109/03639045.2011.628677
http://dx.doi.org/10.1023/A:1011032328064
http://dx.doi.org/10.1080/03639040701377904
http://dx.doi.org/10.1016/j.ejpb.2007.06.016

H. Onishi

[26]

[27]

[28]

Coated Chitosan-Prednisolone Conjugate Microspheres in Rats with TNBS-Induced Colitis. International Journal of
Pharmaceutics, 348, 80-88. http://dx.doi.org/10.1016/j.ijpharm.2007.07.007

Onishi, H., Oosegi, T. and Machida, Y. (2008) Efficacy and Toxicity of Eudragit-Coated Chitosan-Succinyl-Predniso-
lone Conjugate Microspheres Using Rats with 2,4,6-Trinitrobenzeneesulfonic Acid-Induced Colitis. International
Journal of Pharmaceutics, 358, 296-302. http://dx.doi.org/10.1016/j.ijpharm.2008.02.015

Onishi, H., Isoda, Y. and Matsuyama, M. (2013) In Vivo Evaluation of Chondroitin Sulfate-Glycyl-Prednisolone for
Anti-Arthritic Effectiveness and Pharmacokinetic Characteristics. International Journal of Pharmaceutics, 456, 113-
120. http://dx.doi.org/10.1016/}.ijpharm.2013.08.007

Yamaoka, K., Tanigawara, Y., Nakagawa, T. and Uno, T. (1981) A Pharmacokinetic Analysis Program (Multi) for
Microcomputer. Journal of Pharmacobio-Dynamics, 4, 879-885. http://dx.doi.org/10.1248/bph1978.4.879



http://dx.doi.org/10.1016/j.ijpharm.2007.07.007
http://dx.doi.org/10.1016/j.ijpharm.2008.02.015
http://dx.doi.org/10.1016/j.ijpharm.2013.08.007
http://dx.doi.org/10.1248/bpb1978.4.879

	Pharmacokinetic Evaluation of Chitosan-Succinyl-Prednisolone Conjugate Microparticles as a Colonic Delivery System: Comparison with Enteric-Coated Conjugate Microparticles
	Abstract
	Keywords
	1. Introduction
	2. Materials and Methods
	2.1. Materials
	2.2. Animals
	2.3. Preparation of Conjugate Microparticles (MP)
	2.4. Particle Characteristics and in Vitro Drug Release of MP
	2.5. Animal Experiments
	2.6. HPLC Assay
	2.7. Statistical Analysis

	3. Results and Discussion
	3.1. In Vitro Characteristics
	3.2. Plasma Concentration-Time Profiles
	3.3. Gastrointestinal Drug Distribution

	References

