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Study on the Colon Specific Delivery of Prednisolone Using Chitosan Capsules
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In this study, we examined the effectiveness of chitosan capsules for the colon-specific delivery of prednisolone in
rats. We also evaluated the effectiveness and side effects of prednisolone using chitosan capsules compared with the con-
ventional dosage form (gelatin capsules). We found a significant increase in the concentration of prednisolone in the
large intestinal mucosa when prednisolone was administered orally using chitosan capsules, as compared with the case
using gelatin capsules. On the other hand, the plasma concentrations of prednisolone after oral administration using
chitosan capsules were much lower than those in the case of gelatin capsules. We also assessed the effectiveness of pred-
nisolone for the healing of trinitrobenzene sulfonic acid-induced colitis by measuring myeloperoxidase (MPO) activity
and colon wet weight/body weight (C/B) ratio. MPO activities and C/B ratios were significantly reduced when pred-
nisolone was administered orally using chitosan capsules, in comparison with the case of gelatin capsules. Moreover, the
weight of the thymus, which is an index of the side effects of prednisolone, markedly decreased after oral administration
of prednisolone using gelatin capsules, whereas its weight did not change as much when prednisolone was administered
orally using chitosan capsules. These findings indicate that chitosan capsules might be useful for the colon-specific deliv-
ery of prednisolone and its enhanced effectiveness for the healing of colitis in rats. Moreover, chitosan capsules might be
also effective in reducing the side effects of prednisolone due to its decreased intestinal transfer to the systemic circula-
tion.
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Fig. 1. Scheme of Chitosan Capsule

HELU CTHERFOE EREL L TASMHEHIN
TWaH, Zoxmm, BEELAFEHANEERENT
W7 L Ry zERWn, KRBRFFHFHTBNT
FrY ATV ERAWEZT L Ry O OKRGH
AR ZEICE T AR Tk, IHICF T D
TRIZK DT L FZy 0 > ORBRIMGIN R D
i, EFMWEIER QBRI DOWT bR 2o 7z

2. FMYLATRILOREFE(CEAT 2 ERER
¥t

KIBIZBT 2F MY 25 7)) O % %
g 272, ERNAEMBRERICBITSF MY
T TV E DORNHEY 5(6) -carboxyfluorescein
(CF) OEHEEBRZREN Ay MEICK DT
7. TORER, Fig. 2ITRLEZ&DIC, E5F28
TIb G 1R 2 hr—% 2 ¥% 4 hr— 5 15 N B Y i
# 6 hr) TIIABRIRZ S 2 IRICEHL, WHEY T
% CF ORWBEHNASND T ENHSNETR
o —H, FEFATEIL E 1 2hr—%5 2
K 4 hr—> B BNEEER 6 hr) TIXHE 2 ®icHBN
TIXF & A E CF DIFEHMNBR I NN > T2 DITxt
L, BENAYRERICERE, H72Ilhso
CF ORI EH N A SN, Bk TR E TIZ CF
EFE 100%EH L-. 2T LT, Fh320h
Tl (B8 1% 2 hr—%5 2 % 4 hr— H fik i buffer 6
hr) TIXEREE buffer ICEHE H CF ORAM DA H
R EINT, B TR0 T RIVIRITKE
ZLIZBD s Neho 7z,

Doz &ms, F 89207 INE, BRRE
OEEFICBWTHRNICHRIEL, NAERYZ
TEDZENMREINT.

3. FrHYCATEILCHASNAETL K=Y O
> @ In vivo {KAFRED FF4

K2, ¥IF o ATRNARICF "S> T
ERHWTT L RzvorzegOfkbE, JL Ry
TR R SEAN A B EHIZ. 1957 4
TARTTAE 4. 1980 FHUHD K F 32
RER, FMRFRERELRE, HL
ARRICHEE L, 1983 FEICEAEHED
By &5, 1987 4|23+ D224y
ZHUS%, REEHY 7T KEF
CLEEREEEL, 1A REDY
>IN P R D RERE R N 8 1 D
WTHFZE U 7=, IRE, 1991 4F 1 SUERERL K S Bl H 22 2
EBEEEIT, 1998 5 EAPEBEHIRIT/RD, BRI
5, WKL, 7=, YaF¥Frr, HERE.




No. 4

623

Liquid 1 Liquid 2
(pH 1.2) (pH 6.8)

Suspension of cecal contents
or bicarbonate buffer (pH 7.0)

120

100

80

60

% Released

40

20

Time (hr)

Fig. 2. Release of 5(6)-carboxyfluorescein (CF) from Chitosan Capsules or Gelatin Capsules by Japan Pharmacopoeia (J.P.)

Rotating Basket Method

@: Chitosan capsule (Liquid 1—Liquid 2—Suspension of cecal contents) , O: Chitosan capsule (Liquid 1—Liquid 2—Bicarbonate buffer), A: Gelatin capsule

(Liquid 1—Liquid 2—Suspension of cecal contents) . Results are expressed as the mean+S.E. of four experiments. *p<0.05, **p

pared with Chitosan capsule (Liquid 1—Liquid 2—Bicarbonate buffer) .
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Fig. 3. The Concentration of Prednisolone (PD) in Various Intestinal Mucosae after Oral Administration of (A) Gelatin Capsules

(1.5mg) or (B) Chitosan Capsules (1.5 mg)

O: Upper small intestine, A: Lower small intestine, (J: Large intestine. Results are expressed as the mean+S.E. of four experiments.

Table 1. Area under the Mucosal Concentration-time Curve
(AUCpueosa) Of Prednisolone after Oral Administration to
Rats in Different Dosage Forms

AUCmucosaOAoo (Ilg/g tissue - hr)

Slupper  Sliower  L.L

Gelatin capsules (1.5 mg) 3988.9 343.5 0
Chitosan capsules (1.5 mg) 526.9 899.2 5751.4

S.Lypper: Upper small intestine, S.I.,owe: Lower small intestine, L.I.:
Large intestine. Results are expressed as the mean of four experiments.
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Fig. 4. Plasma Concentration of Prednisolone (PD) after Oral Administration to Rats with Different Dosage Forms
@: Chitosan capsules (1.5 mg), O: Gelatin capsules (1.5 mg). Results are expressed as the mean+S.E. of four experiments. *p<{0.05, **p<0.01, compared
with rat administered gelatin capsules.

Table 2. Pharmacokinetic Parameters of Prednisolone after Oral Administration to Rats in Different Dosage Forms

Cmax (ng/ml) Tmax (hr) AUCOﬂoo (ng/ml ¢ hr) B.A. (%)
Gelatin capsules (1.5 mg) 55.1+9.9 4.5+0.3 124.8+15.4 1.47
Chitosan capsules (1.5 mg) 15.54+1.8%* 7.0£0.4%* 69.3+15.2% 0.87

Results are expressed as the mean+S.E. of four experiments. *: p<{0.05, **: p<{0.01, (N.S.): not significant, compared with rat administered gelatin capsules.
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Fig. 5. Effects of Different Dosage Forms of Prednisolone on the Myeloperoxidase (MPO) Activity of the Colonic Tissues on Day 5
in Rats
[J: Chitosan capsule, [l: Gelatin capsule, p.o.: Oral administration. Results are expressed as the mean=+S.E. of four experiments. *: p<0.05, **: p<{0.01,
compared with rat given TNBS. N.S.: not significant, compared with rat administered gelatin capsule at the same dose.
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Fig. 6. Effects of Different Dosage Forms of Prednisolone on the Ratio of Colonic Tissue Wet Weight to Body Weight (C/B Ratio)

on Day 5 in Rats

[CJ: Chitosan capsule, [l: Gelatin capsule, p.o.: Oral administration. Results are expressed as the mean=+S.E. of four experiments. *p<(0.05, **»<(0.01, com-
pared with rat given TNBS. #: p<{0.05, N.S.: not significant, compared with rat administered gelatin capsule at the same dose.
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Fig. 7. Photographs of the Colon (4 cm) from TNBS (30 mg/25% EtOH 0.25 ml) -induced Colitis Rats 5 Days after Oral Adminis-

tration to Rats in Different Dosage Forms

A: Saline, B: TNBS, C: Gelatin capsule (0.5 mg), D: Gelatin capsule (1.5 mg), E: Chitosan capsule (0.5 mg), F: Chitosan capsule (1.0 mg), G: Chitosan cap-

sule (1.5 mg).
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Fig. 8. Effects of Different Dosage Forms of Prednisolone on the Ratio of Thymus Wet Weight to Body Weight (T/B Ratio) on Day
S in Rats

[CJ: Chitosan capsule, [l: Gelatin capsule, p.o.: Oral administration. Results are expressed as the mean=S.E. of four experiments. *: p<{0.05, **: p<{0.01,
compared with rat given TNBS. #: p<0.05, N.S.: not significant, compared with rat administered gelatin capsule at the same dose.

Fig. 9. Photographs of the Thymus from TNBS (30 mg/25%EtOH 0.25 ml) -induced Colitis Rats 5 Days after Oral Administration
to Rats in Different Dosage Forms

A: Saline, B: TNBS, C: Gelatin capsule (0.5 mg), D: Gelatin capsule (1.5 mg), E: Chitosan capsule (0.5 mg), F: Chitosan capsule (1.0 mg), G: Chitosan cap-
sule (1.5 mg).
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Fig. 10. Proposed Mechanism of Colon Specific Delivery of Prednisolone Using Chitosan Capsules
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