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Delivery of glucocorticoid conjugate in rat gastrointestinal tract and

its treatment for ulcerative colitis’
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ABSTRACT

AIM. To evaluate colonic delivery and therapeutic effect
of the newly synthesized dexamethasone (DX )-dextran
{500 000) conjugate (DXD50) in the rat. METH-
ODS; The amount of dexamethasone was measured in the
contents from different parts of rat gastrointestinal tract
and in plasma after ig conjugate. Therapeutic effect of
conjugate and DX was tested in trinitrobenzenesulfonic
acid-induced colitis in rat, Repair of colitis was assessed
by measuring colonic ulceration area, colon weight, and
colonic myeloperoxidase (MPQO) activity. Systemic im-
munosuppression of DX was evaluated with weight of thy-
tus and spleen and lymphocyte count in peripheral blood
from rat with ulcerative colitis. RESULTS: Dexam-
ethasone released from conjugate was mainly distributed
in contents of cecum and colon. When DXD50 and DX
0.25 pmol kg~ -d ™" were used ig to treat ulcerative col-
itis in rat, the ulcerative area of colon was reduced by
55.6 % and 33.3 %, respectively whereas colon weight
was reduced by 17.9 % and 2.6 %, respectively. The
conjugate had no effect on lymphocyte count in peripheral
blood, spleen weight, and thymus weight of rat which
could be reduced markedly by the same dose of DX (P <
0.05 vs control). CONCLUSION. DXDS50, which
could specifically deliver DX to large intestine, is a
promising agent in the treatment of human inflammatory
bowel disease.
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INTRODUCTION

Ulcerative colitis is a common disease of the gas-
trointestinal (GI) tract, Although the administration of
glucocorticoid has generally been proved effective, it is
nommally limited to treat disease in its acute form and can
cause systemic side effects, such as adrenosuppression,
immunosuppression, efc'’) on long term usage. In
theory, selective delivery of drug to the colon could lower
the required dose, reduce systemic side effects, and im-
prove the curative effects. A variety of dosage forms
have been investigated for their ability to efficiently deliv-
er drugs to the lower gastrointestinal tract, including con-
jugaie, bioerodible polymer coatings, and sustained-re-
lease dosage forms. Of these, conjugate represents a
specific means to deliver a drug to the inflamed regions of
the colon'® . We synthesized a series of ghucocorticoid
conjugates with different molecular weight dextrans, and
observed their hydrolytic character in vitro'*), The cb-
jectives of the present study were (1) to evaluate the
pharmacokinetics of a newly synthesized colon-specific
conjugate, dexamethasone ( DX )-dextran ( 500 000,
molecular weight of dextran = 500 000) , DXD50; (2) to
observe the efficacy of DXD50 in treatment for experi-
mental ulcerative colitis in rat.

MATERIALS AND METHODS

Materials DX was purchased from Tianjin Phar-
maceutical Corporation, batch number 98-8-2. DXD50
was synthesized as described previously®, DXD50 is a
white powder and DXD50 100 mg containted DX 4. 5
mg. In addition, HPLC analysis showed that the
DXD50 contained less than 0.3 % (w/w) non-covalent-
Iy bound drug. 2,4, 6-Trinitrobenzenesulfonic acid was
purchased from Sigma Chemical Co. All other chemi-
cals and solvents were either of HPLC grade or analytical
reagent prade. Sprague-Dawley rats (200 g + 20 g)
were purchased from Experimental Animal Research Cen-
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ter, Fourth Military Medical University. The animals
were allowed water and laboratory chow ad libitum. A
12-h light-dark cycle was used. Main apparatus used
was the high-performance liquid chromatography (HPLC,
purchased from Beckman Cooperation) .

Delivery of conjugate in rat GI tract The rats
were randomized into 8 groups, 6 rats for each. As the
dark circle ended at approximately 7; 00, DXD53) 5
pmol/kg was administered ig to rat between 9; 00 and
10:00. The rats were anesthetized by ether at appropri-
ate time points {1, 2.5, 3.5, 4.5, 6, 9,12, and 15 h
after dosing) and 34 mL of blood was withdrawn from
abdomino-aorta. (1) The blood was heparinized, and
the plasma was separated by centrifugation (7 min, 4 T,
2500 x g). Plasma 1.0 mL and 200 pl. of pred-
nisolone (intemal standard) 1 mg/L were added into the
tube. The mixture was extracted twice by vortexing with
2.0 mL of a mixture of methyl fer?-tubyl ether: pentane
=6:4 for30 s. The sample was centrifuged for 3 min at
1000 x g. Each time, 1.5 mL of the organic phase was
removed into tubes and evaporated in the ventilation cabi-
net. The residue was dissolved in 50 pL of methanol
and then 20 pL was analyzed by HPLCY), The mobile
phase consisted of 35 % of acetonitrile and 65 % of
trisodium citrate 5¢ mmol/L adjusted to pH = 4.1 with
phosphoric acid, and Cyg column (250 mm x 4.6 mm)
was used. The flow rate was 1 mL/min, and the wave
length of detection was 242 nm. (2) Immediately after
collection of the blood, the contents of stomach, proxi-
mal small intestine (PSI), distal small intestine (DSI),
cecum, and colon were removed. After the removal,
the contents were diluted to 100 g/L with chilled (4 C)
phosphate buffer (pH=6.8, 0.1 mol/L). Diluted con-
tents of stomach, PSI, DSI, cecum, and colon 0.7 mL
was added into five different tubes, respectively. Into
each of these wbes, 200 pL of saturated agueous sodium
chloride and 200 pL of prednisolonehemisuccinate (inter-
nal standard) 6 mg/L was added. The extraction of the
samples was done by refeming to the above step.

Induction of ulcerative colitis The rats were
randomized into 6 groups (6 rats for each group) and
then gently anesthetized by ether. A rubber catheter
(OD, 2 mm) was inserted rectally into the colon such
that the tip was 8 ¢m proximal to the anus. 2,4,6-Trini-
trobenzenesulfonic acid dissolved in 38 % ethanol (v/v)
was instilled into the lumen of the colon through the rub-
ber catheter at the dose of 125 mg/kg'® .

Administration of DXD50 and DX to colitis
rats DXD50 0.05 - 1.25 pmol-kg~'-d~! and DX
0.25 pmol-kg™1+d~" were administered ig 6 h after the
induction of ulcerative colitis for 7 d.

Preparation of the samples and collection of
data  The rats were decapitated after measuring the
lymphocyte count in peripheral blood of rats. (1) Thy-
mus and spleen were removed and weighed. (2) The
colon was taken from the region which was 8 c¢m proxi-
mal to the anus.  Along its mesenteric border, the colon
was opened and gently rinsed of its contents with an jced
NaCl solution 154 mmol/L. The colon was then placed
flat, mucosal surface upwards, on a plate chilled at 4 TC.
A transparent film was placed 5 mm above the mucosal
surface, and the area of ulceration and total surface area
were traced by a marker-pencil. The colon fissue was
weighed after being dried on a filter paper. (3) The
colonic myeloperoxidase activity was determined as previ-
ously reported!”!,

Statistical method  All data were analyzed with
SPLM software package {from Department of Statistics,
Fourth Military Medical University, China). The statis-
tical analysis of the data was performed according to One
Factor Analysis of Variance.

RESULTS

Pharmacokinetics of DXD50 No DX could be
determined in the contents of the stomach, proximal and
distal small intestine within 15 h after DXD50 was admin-
istered ig. However, the active drug could be deter-
mined in the contents of cecurm and colon at 4.5 h after
dosing {Tab 1). Large amounts were released in the
contents of the colon. The absorption rate of DX was
low with the oral administration of DXDS0 (Tab 2).
The pharmacokinetic parameters of conjugate were: AUC
=430 pg-h~ "L, K,=0.36, K, =0.31, Tpu=
7.2 h.

Efficacy of DXD50  When DXD50 and DX
(0.25 pmol-kg~1-d™!) were vsed ig to treat ulcerative
colitis in rat, the ulcerative area of colon was reduced by
55.6 % and 33.3 %, respectively; colon weight was re-
duced by 17.9 % and 2.6 %, respectively; and the
colonic MPO activity was reduced by 59. 2 % and
56.6 %, respectively {Tab 3). This implied that
DXD50 was able to facilitate the repair of damaged
coloni¢ mucosal better than the same dose of DX.
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Tab1l. Amount of DX released in contents of different
parts of rat gastrointestinal tract after ig DXD50. Dose of

conjugate was 5 pmol/’kg, n=6. xt 5.
‘ DX/pgrg!
Time/B gomach PSI  DSI - Cocum Colon

I

2.5 — - — - -
3.5 - - - - -
4.5 — — — 0.2120.07 0.1x0.4
[{] — — — 0.9+0.3 2.0x0.4
9 - - — 0.61£0.25 1.22+0.27
12 - — — 0.21+£0.06 0.16+0.04
15 — - — — 0.06£0.02

PSI, proximal small intestine; DSI, distal small intestine; ‘—°,
non-detectable.

Tab 2. Concentration of DX in plasma after ig DXD50.
Dose of conjugate was 5 pmol’kg, n=6. x <t 5.

Time/h Concentration of DX/pg+L™"
l —
2.5 t
3.5 —_
4.5 105
6 41+ 14
9 59+23
12 31x12
15 107
‘—' . non-detectable.

On the other hand, lymphocyte count in peripheral
blood, spleen weight, and thymus weight of rat were
greatly reduced by ig DX at the dose of 0,25 ymol kg ™'+
d"'(P <0.05 vs control). However, these were not
influenced by the conjugate at the same dose (Tab 4).
This indicated that immunosuppression induced by ig
DXD50 was lower than that caused by DX.

DISCUSSION

It is well known that DX can be rapidly and aimost
completely absorbed in upper Gl tract when free DX is si-
multaneously administered orally. This rapid and com-
plete absorption of DX can easily cause systemic side ef-
fects of glucocorticoids such as adrenosuppression and
immunosuppression, which are directly related to blood
levels of exogenous glucocorlicoidsw]. In order to re-
duce the absorption of DX in upper GI tract, a conjugate
was synthesized by selecting succinic anhydride as a
cross-linker to conjugate DX and dextran’®’ .

The present experiment showed that the synthesized
conjugate (DXDS0) could selectively deliver DX to the
colon. This pmplied that the absorption of the conjugate
could be restricted from the small intestine, which
resulted in the lowering of the blood DX concentration
[ AUC of DX was observed to be 11875 pg-h~'- L™}
(unpublished data), AUC of same dose of conjugate was
430 pg+h~'-L™']. The systemic immunosuppression of
glucocorticoids could thus be reduced.

Colonic MPO activity reflects the quantity of neu-
trophils in the tissue, and it is also an objective index for
evaluating the inflammatory bowel disease'™®. When
DXD50 was used to treat ulcerative colitis in rat, DXD50
had no effects on colonic MPO activity at the dose of
(.05 pmol~kg™'-d"! whereas ulcerative area was signifi-
canily reduced at the same dose ( P <0,01, vs model).
Similar discordant results between intestinal repair and
MPO activity during treatment for colitis in rats have been
reported by Fedorak er a/{'"?. This indicates that the fa-
cilitation by the synthesized conjugate at lower doses in
repairing gross colonic ulceration was not a result of inhi-
bition of neutrophil migration.

Tab 3. Effect of DXD50 on colonic ulceration, colon weight, and colonic MPQ activity of ulcerative colitis rat. n=6.
£t§. P<0.01 vs control. *P<0.05, 1P <0.01 vs model. '"P<0.05 vs DX.

Group Dose Percent of ulcerative area CW/BW Colonic MPO activity
(psmol+kg=1+d"") (%) (mg-g™") (pomol-min~"-g~")
Control 0 0 2.5%0.2 0«11
Model 0 T8 3.9:0.7 228+ 40°
DX 0.25 1828 3.8+0.6 99+ 20
DXD50 0.05 1828 3.7+0.6 295 +30
DXD30 0.25 12 £4% 3.220.4% 93 21"
DXD50 1.25 9.7x2.0f 3.1%0.3° 4+9

Percent of uloerative area = ulceration area/toial area of 8-cm colon. CW: colon weight; BW: body weight.
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Tab 4. Effect of DXD50 on weights of thymus, spleent, and lymphocyte count in peripheral blood of ulcerative colitis

at. n=6, %xs. "P<0,05 P<0.01 vs control.
-9
Group Dos_e‘ . TW/ B}’:/ SW/ B_VY 1077 % Ly:mphocyle
{pmol-kg™'+d""} (mg-g~") (mg-g™") (L%
Control 0 2.5+0.5 3.1x0.7 11+3
Maodel 0 2.2+0.4 3.1+£0.8 14+4
DX 0.25 0.93+0.23° 2.1x£0.6° 2.3x1.0¢
DXD50 0.05 2.4+0.3 3.2+0.6 13+4
DXD50 0.25 2.1+0.4 2.9+0.6 134
DXD50 1.25 1.43£0.26° 2.3x0.4° 4.0+ 1.0°

Percent of ulcerative area = ulceration area/total area of 8-cm colon. TW; thymus weight; BW: body weight; SW. spleen weight.

All these experimental results showed that the newly
synthesized DXDS0 could specifically deliver DX to the
large intestine. 'The development of this conjugate may
yield a promising agent for the treatment of human infla-
mmatory bowel disease.
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