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Abstract

AIM: To investigate the release of cyclodextrin-5-amino-
salicylic acid (CyD-5-ASA) in cecum and colon.

METHODS: An anti-inflammatory drug 5-ASA was
conjugated onto the hydroxyl groups of a-, B- and
y-cyclodextrins (CyDs) through an ester linkage, and the
/n vivo drug release behavior of these prodrugs in rat’
s gastrointestinal tract after the oral administration was
investigated.

RESULTS: The 5-ASA concentration in the rat’s stomach
and small intestine after the oral administration of CyD-
5-ASA conjugate was much lower than that after the oral
administration of 5-ASA alone. The lower concentration
was attributable to the passage of the conjugate through
the stomach and small intestine without significant deg-
radation or absorption, followed by the degradation of
the conjugate site-specific in the cecum and colon. The
oral administration of CyD-5-ASA resulted in lower plas-
ma and urine concentration of 5-ASA than that of 5-ASA
alone.

CONCLUSION: CyD-5-ASA conjugates may be used as
prodrugs for colon-specific drug delivery system.

© 2005 The WIG Press and Elsevier Inc. All rights reserved.

Key words: Cyclodextrin; 5-Aminosalicylic acid; /n vivo;
Colon-specific

Zou MJ, Cheng G, Okamoto H, Hao XH, An F, Cui FD, Danjo K.
Colon-specific drug delivery systems based on cyclodextrin
prodrugs: /n vivo evaluation of 5-aminosalicylic acid from

its cyclodextrin conjugates. World J Gastroentero/ 2005;
11(47): 7457-7460

http://www.wjgnet.com/1007-9327/11/7457.asp

INTRODUCTION

Ulcerative colitis and Crohn’s disease are recurrent
disorders chronically involving the mucosa and sub-
mucosa of the colon. 5-Aminosalicylic acid (5-ASA) is
an active ingredient of agents used for the long-term
maintenance therapy to prevent relapses of Crohn’s
disease and ulcerative colitis' . However, when 5-ASA is
administered orally, a large amount of the drug is absorbed
from the upper gastrointestinal tract (GIT), and causes
systemic side effects. Therefore, it is preferable to deliver
the drug site-specifically to the colon. Various approaches
have been developed, including coating with biodegradable
polyrners[“], coating with pH-sensitive polyrners[é’ﬂ,
time-dependent formulations™” forming biodegradable
matrices""'", and forming prodrugs.

Azo prodrugs of 5-ASA are the most effective
prodrugs used for the treatment of inflaimmatory bowel
disease (IBD). Polymeric prodrugs of 5-ASA have not
been used in clinics"*". Natural polysaccharides have
been used as tools to deliver the drugs to the colon.
These polysaccharides remain intact in the physiological
environment of the stomach and small intestine, but once
the dosage form enters into the colon, it is acted upon by
polysaccharides, which release the drug into the colon"*",
Cyclodextrins are cyclic oligosaccharides that consists of
6-8 glucose units. They are known to be barely capable
of being hydrolyzed and only slightly absorbed in the
passage through the stomach and small intestine, and are
fermented by colonic microflora into small saccharides.
The present study aimed to clarify the 7n vivo release
behavior of 5-ASA from its CyD ester prodrugs in rat’s
intestines.

MATERIALS AND METHODS

Materials

o-, B-, y-CyDs and carbonyldiimidazole (CDI) were
obtained from Sigma Chemical Co (St. Louis, USA).
5-ASA was purchased from Acros Organics Ltd (NJ,
USA). CyD-5-ASA and Ac-5-ASA were prepared

according to the method reported in a previous paperM.
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All other chemicals and solvents were of analytical reagent
grade, and deionized double-distilled water was used
throughout the study.

Analytical methods

The HPLC system that consisted of LC-10ADvp pumps,
SPD-10ADvp detector, and SIL-10ADvp autoinjector
was purchased from Shimadzu. Reversed-phase HPLC
conditions!"®"” for the determination of 5-ASA and
its metabolites were as follows: a mobile phase of
5.0 mmol/L pH 6.0 phosphate buffer/acetonitrile/
0.1 mol/L tetrabutyl-ammonium chloride (90:10:0.5
v/v/v), a flow rate of 1.0 mL/min, and a detection of
wavelength 330 nm for 0-9 min, 240 nm after 9 min.

Release of 5-ASA in rat’s gastrointestinal tract and tissues
Male SD rats, weighing about 200 g, wete fasted for 8
h prior to drug administration while water was allowed
ad libitum. 5-ASA or CyD-5-ASA (equivalent to 50 mg
of 5-ASA) was orally administered to the rats and then
the rats were placed in metabolic cages. At appropriate
intervals (4, 8, 12, and 24 h), blood samples (about
3 mL) were taken from the jugular vein, and the rats were
killed by ether anesthesia, followed by thoracotomy. The
blood was centrifuged at 10 000 g for 5 min, and serum
was frozen at -20 °C and stored until analysis. The GIT
was isolated and divided into stomach, small intestine,
cecum, and colon. The intestinal contents were removed
by gently squeezing the gastrointestinal segments, which
were then rinsed with a small amount of phosphate buffer
(about 10 mL) to remove the adherent materials. The
separated contents and tissues were quickly frozen at -20 °
C and stored until analysis. Urine and feces samples were
collected and frozen at -20 °C.

The frozen intestinal contents were thawed, weighed, and
diluted with 1.5 mL of 0.1 mol/L HCL. They were vortexed
for 3 min, centrifuged at 5 000 r/min for 5 min, then
2.5 mL of methanol was added to 0.8 mL of the
supernatant, vortexed for 2 min. The mixture was
centrifuged for 10 min at 5 000 r/min. The supernatant
of 3.0 mL was transferred into another cleaning tube and
evaporated under N2 at 40 °C. The remaining supernatant
was dissolved in mobile phase and filtered through 0.2-mlL
membrane. The frozen tissues wete thawed, weighed, cut
into small pieces and homogenized with five volumes of
cold 0.1 mol/L HCl using a tissue homogenizer (Polytron
PT-MR3100, Kinematica, Switzerland) at 0 °C.

RESULTS
Recovery of CyD-5-ASA, 5-ASA and its metabolite

In a previous paper'”, we have reported that the hydroxyl
propyl cellulose/5-ASA (HPC-5-ASA), chitosan/5-ASA
(ChT-5-ASA) conjugate are stable in rat’s GIT, where
CyD-5-ASA liberates 5-ASA site-specifically in rat’s cecum
and colon. In this study, the distribution of CyD-5-ASA
prodrugs, 5-ASA and its metabolites were investigated.
Tables 1-3 show the recovery percentage of the intact

prodrugs, 5-ASA and N-acetyl-5-ASA (Ac-5-ASA), a

metabolite of 5-ASA in GIT, blood, liver, feces, and
urine after the oral administration of CyD-5-ASA to rats.
The sampling time was chosen on the basis of the time
necessary for CyD-5-ASA to reach the cecum after oral
administration. The total recovery was defined as the sum
of the intact prodrugs, 5-ASA and Ac-5-ASA in the entire
GIT and tissues, blood (assuming that the blood volume is
0.5% of body weight), urine and feces, and expressed as a
percentage of the dose administered. The recovery from
the stomach, small intestine, cecum, colon, blood, utine,
feces, and liver was expressed as a percentage of the total
recovery described above.

Four hours after dosing, about 60% of 5-ASA and Ac-
5-ASA were recovered in intact form from the stomach
and small intestine and about 40% in the cecum and
colon. Eight hours after dosing, 20% of the prodrugs
were located in the stomach and small intestine and a
large portion (>70%) was recovered from cecum and
colon. After 12 h, the major portion of the prodrugs
was recovered from the cecum, colon, and feces. There
was only a negligible amount of 5-ASA and Ac-5-ASA
in blood and urine. These results indicated that the CyD
prodrugs survived passage through the rat’s stomach and
small intestine and were subjected to the ring-opening
process in the cecum and colon.

Release behavior in rat’s gastrointestinal tract and tissues
In this study, 5-ASA, a-CyD-5-ASA, 3-CyD-5-ASA and
y-CyD-5-ASA (equivalent to 50 mg/kg 5-ASA) were
administered to the rats. There was no or a very small
amount of 5-ASA detected in the tissues after the oral
administration. The results of $-CyD-5-ASA and y-CyD-
5-ASA were similar to those of a-CyD-5-ASA.

Figure 1 shows the concentrations of 5-ASA and Ac-
5-ASA in rat’s blood, urine, feces, liver homogenates
after the oral administration of 5-ASA (50 mg/kg) and
o-CyD-5-ASA (equivalent to 50 mg/kg 5-ASA). With
the oral administration of 5-ASA, 5-ASA being absorbed
in the upper GIT, the concentration in cecum and colon
was very low. Whereas during the oral administration of
a-CyD-5-ASA, the levels of 5-ASA and Ac-5-ASA in the
plasma and urine were very low in the whole experimental
period, which might indicate the limited oral absorption of
o-CyD-5-ASA. o-CyD-5-ASA was not degraded to release
5-ASA in the GIT, and 5-ASA was detected in the cecum
and colon. A portion of the released 5-ASA might be
absorbed in the large intestine and appeared in the plasma
concentration of Ac-5-ASA.

DISCUSSION

In this study, formation of prodrugs has improved the
delivery properties of the parent drug molecule. Activated
by the microbial enzymes in the large intestine, CyD-5-
ASA released 5-ASA at a controlled rate. These results
suggest that after the oral administration of prodrugs
there is no or a very small amount of 5-ASA in the tissues
of rats. Oral administration of 5-ASA gives much higher
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Figure 1 Concentration of 5-ASA and Ac-5-ASA in serum (¢ ), urine (M), feces (O), liver homogenates (A), stomach contents (<), small intestinal contents (A), cecal
contents ([J), colonic contents (%) after the oral administration of 50 mg/kg 5-ASA or a-CyD-5-ASA (equivalent to 50 mg/kg 5-ASA) to rats. A: Concentration of 5-ASA after
oral administration of 5-ASA; B: concentration of Ac-5-ASA after oral administration of 5-ASA; C: concentration of 5-ASA after oral administration of 10 o-CyD-5-ASA; D:
concentration of Ac-5-ASA after oral administration of a.-CyD-5-ASA.

Table 1 Recovery (%) of a-CyD-5-ASA, 5-ASA and Ac-5-ASA in the GIT, plasma, urine, feces, and liver after oral administration of o-CyD-5-
ASA to rats (mean+SD)

Time Stomach Small intestine Cecum Colon
(h) Prodrug ~ 5-ASA  AC-5-ASA Prodrug  5-ASA  AC-5-ASA Prodrug  5-ASA  AC-5-ASA Prodrug  5-ASA AC-5-ASA
4 19.8+4.8 0.0+£0.0 0.0£0.0  41.6%30.8  0.0+0.0 0.0+0.0 7.7+¢7.6  14.7+17.3 7.3+12.6  6.3%11.0 0.8+1.0 1.841.6
8 2.844.3 0.0£0.0 0.0+0.0 14.3+6.5 0.7+0.4 0.0£0.0  11.3+14.0 20.24224  6.1+5.8 7.249.9 9.1+7.7  18.4%13.6
12 0.0+£0.0 0.1+0.1 0.4+0.5 1.740.4 0.5+0.7 2.5£3.9 9.4+11.8 4.7+7.4 6.2+6.4 1724240 17.3#23.7 16.6+17.9
24 0.0+0.0 0.0+£0.0 0.0+0.0 0.0£0.0 0.0£0.0  22.8+242  9.249.0 0.3+0.5 79+13.6 13.3+¥15.6  1.4+1.1  23.4+15.6
Plasma Urine Feces Liver Total

Prodrug ~ 5-ASA AC-5-ASA Prodrug  5-ASA  AC-5-ASA  Prodrug  5-ASA  AC-5-ASA Prodrug  5-ASA  AC-5-ASA recovery
0.0£0.0 0.0£0.0 0.0£0.0 0.0£0.0 0.0£0.0 0.0£0.0 0.0£0.0 0.0£0.0 0.0£0.0 0.0£0.0 0.0£0.0 0.0£0.0  69.3+29.0

8 0.0+0.0 0.5+0.3 4.0+2.6 0.0+0.0 0.2+0.1 2.0+1.3 0.0+0.0 0.0£0.0 0.0+0.0 0.0+0.0 0.3+0.1 3.0+22  65.0+11.9
12 0.0£0.0 0.4£0.5 4.7+4.0 0.0£0.0 0.3£0.4 2.8+2.4 0.3£0.5 7.1£8.2 7.1£8.0 0.0£0.0 0.2£0.3 0.4+£0.8  50.5+20.0
24 0.0£0.0 1.4£1.2 1.9£1.9 0.0£0.0 0.0£0.0 0.0£0.0 4.3+7.4 1.3£13 9.3£11.8 0.0£0.0 1.4£13 21425 12.6£7.6

Total recovery=100%(amount of the intact prodrugs, 5-ASA and Ac-5-ASA recovered from stomach, small intestine, cecum, colon, blood, urine, liver, and feces)/
dose.

Table 2 Recovery (%) of 3-CyD-5-ASA, 5-ASA, and Ac-5-ASA in GIT, plasma, urine, feces, and liver after oral administration of 9 9 3-CyD-5-
ASA to rats (mean+SD)

Time Stomach Small intestine Cecum Colon

(h) Prodrug 5-ASA AC-5-ASA Prodrug 5-ASA  AC-5-ASA Prodrug 5-ASA  AC-5-ASA Prodrug 5-ASA  AC-5-ASA

4 26.743.2  0.0£0.0 0.0£0.0 47.0+27.6  0.0+0.0 0.0£0.0  13.2#13.7  1.0£0.6 0.3£0.3 9.74169  1.2+14 0.9+1.4
8 8.5+129  0.0£0.0 0.0£0.0 14.9+6.6 24434 0.0£0.0  30.6+35.8 7.5+11.6  3.843.8 12.3+17.0 9.1+4.4 43429
12 0.0+0.0 0.0+0.0 0.7+1.2 6.6+7.9 0.4+0.3 3.0+£0.8 8.4+7.4 18.7413.1 11.7412.8 16.1+12.6 13.5%£12.4 7.9£7.3
24 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 29+4.4 16.6x16.1 10.3+16.7 1744152 27.2+452 11.0£12.9 5.3+5.9
Plasma Urine Feces Liver Total

Prodrug ~ 5-ASA  AC-5-ASA Prodrug  5-ASA AC-5-ASA Prodrug  5-ASA  AC-5-ASA Prodrug  5-ASA  AC-5-ASA recovery
0.0£0.0 0.0£0.0 0.0£0.0 0.0£0.0 0.0£0.0 0.0£0.0 0.0£0.0 0.0£0.0 0.0£0.0 0.0£0.0 0.0£0.0 0.0£0.0  64.0£14.3

8 0.0+0.0 0.7+0.7 2.4%3.0 0.0+0.0 0.1+0.0 0.4+0.4 0.0+0.0 0.1+0.0 0.1+0.1 0.0+0.0 1.9+25 1.1+1.6  40.6£14.7
12 0.0£0.0 1.2£0.5 41+4.6 0.0£0.0 2.4£3.5 23422 0.3£0.9 0.0£0.0 1.1£1.8 0.0£0.0 0.5£0.7 0.8£1.2  35.6+10.7
24 0.0£0.0 2.3£2.6 1.7#2.2 0.0+£0.0 0.0+£0.0 0.0+£0.0 4.6£7.9 0.2£0.2 0.7£0.9 0.0£0.0 0.0£0.0 0.0£0.0 14.8+6.5

Total recovery=100x(amount of the intact prodrugs, 5-ASA, and Ac-5-ASA recovered from stomach, small intestine, cecum, colon, blood, urine, liver, and feces)/
dose.
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Table 3 Recovery (%) of y-CyD-5-ASA, 5-ASA, and Ac-5-ASA in GIT, plasma, urine, feces, and liver after oral administration of y-CyD-5-ASA
to rats (meanSD)

Time Stomach Small intestine Cecum Colon
(h) Prodrug ~ 5-ASA  AC-5-ASA Prodrug  5-ASA  AC-5-ASA Prodrug  5-ASA  AC-5-ASA Prodrug  5-ASA  AC-5-ASA
4 19.849.4 0.0£0.0 0.0£0.0  46.4+428.7  0.2+0.3 0.0£0.0  10.0£10.1  0.9+0.3 5.4+4.8 8.4+14.6 6.4+5.4 2.2+1.8
8 3.245.0 0.0+0.0 0.0+0.0 16.2+3.3 2.4+1.5 0.0¢0.0 18.2+24.8 15.7+94 22427 4.0+4.2 20.248.2 7.7+4.2
12 0.0£0.0 0.2+0.0 0.620.6 21+1.2 0.8+0.3 0.0£0.0 7.617.0 49+25 1414122 7.9+5.2 72415  34.6£20.8
24 0.0+0.0 0.0+0.0 0.0£0.0 0.0+0.0 0.0£0.0 0.8£0.7 5.3+5.8 21+1.8  40.5#35.4 15.0+22.3 1944156 5.1+4.0
Plasma Urine Feces Liver Total
Prodrug ~ 5-ASA  AC-5-ASA Prodrug  5-ASA  AC-5-ASA Prodrug  5-ASA  AC-5-ASA Prodrug  5-ASA  AC-5-ASA recovery
0.0£0.0 0.0+0.0 0.2+0.2 0.0+0.0 0.0£0.0 0.0£0.0 0.0+0.0 0.0£0.0 0.0+0.0 0.0£0.0 0.0+0.0 0.0£0.0  76.8+12.2

8 0.0£0.0 0.2+0.1 25424 0.0+0.0 1.1+0.2 1.8+1.8 0.0+0.0 0.0£0.0 0.0+0.0 0.0£0.0 2.9+2.2 1.7£1.8  61.9£22.0
12 0.0£0.0 1.841.7 3.843.5 0.0£0.0 0.1£0.0 6.416.6 0.5+0.8 2.2+0.8 0.0£0.0 0.0£0.0 0.940.6 4.3+0.2 48.516.8
24 0.0+0.0 1.3+t14 0.6+0.1 0.0+0.0 0.1+0.0 2.5+2.4 3.7+4.1 0.3£0.0 3.4+1.3 0.0£0.0 0.0+0.0 0.0£0.0 17.2+2.4

Total recovery=100x(amount of the intact prodrugs, 5-ASA, and Ac-5-ASA recovered from stomach, small intestine, cecum, colon, blood, urine, liver, and feces)/

dose.

plasma and urine concentrations of 5-ASA than CyD-5-
ASA and the conjugate can lower the plasma concentration
of 5-ASA. The lower concentration is attributable to the
passage of the conjugate through the stomach and small
intestine without significant degradation or absorption,
followed by the degradation of the conjugate site-
specifically in the cecum and colon. Therefore, CyD-5-
ASA conjugates may be useful as prodrugs for colon-
specific delivery system.
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