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Dextran-5-(4-ethoxycarbonylphenylazo)salicylic Acid Ester
as a Colon-specific Prodrug of 5-Aminosalicylic Acid

Yun Jin Jung, Jeoung Soo Lee, Yun Taek Kim, Young Mi Kim’,
Dae Duk Kim and Suk Kyu Han
College of pharmacy, Pusan National University, Pusan Korea 609-735

Abstract— Dextran-5-(4-ethoxycarbonylphenylazo)salicylic acid ester (Dextran-5-ESA) was synthesized
as a potential colomrspecific prodrug of 5aminosalicylic acid (5-ASA). No free 5-(4-ethoxycar-
bonylphenylazo) salicylic acid (5-ESA) was detected when the chemical stability of dextran-5-ESA was
tested at pH 1.2, or pH 6.8 bath solution. Effects of the degree of substitution (DS) and molecular
weight of dexiran on the depolymerization by dextranase was investigated. Depolymerization (%) de-
creased with increasing DS, and was not affected by M\W. of dextran. The extent of prodrug conv-
ersion after incubation in the contents of various G.I. tract segments of rats was evaluated. 5-ASA was
released in the cecal contents, but not in the contents of proximal small intestine (PSI) or distal small
intestine (DS]). No significant prodrug conversion was observed in the cecal contents of rats pretreated
with kanamycin sulfate, which indicated that microbial enzymes were responsible for the cleavage of

the prodrug.

Keywords [_] Colon-specific delivery, 5-aminosalicylic acid prodrug, dextran, inflammatory bowel disease.
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Nonstarch polysaccharide®] dextrana <Fz7he]
o-1,3-4%9 547 9 o-1,6glucopyranose 2%
07 o]Fo)xl AMXY polysaccharideZA =4, BY
Aol glar AN A ] HolubA BT 2A e
ARgEo] ghow H|HTE TEA gMpRERTA A
FE Ak Dextran ¥8) #2491 dextranase® ¥4
AellA] AL gl bacteriodsol 2lsiA] Aatsls] olF
o] ERolY &4 AL JiA M X AR Je] o)
7t Ao Aoz dEA Yot o218 BAL colon-
specific drug delivery system©.2A v|¢ 3483 A
Aolg} 4tk Dextran prodrugis matrix2 A%
A2 QalA A At AEE o] 7R
3w 2] ok bacterial count’} 2 2ol Kol
Al dextranase°l 2|8} dextran matrix’t WA W
S5 2 Fa=o] £2} 27|71 ol ¥ ofEo] 7hi
sl felss Aew gelA Ukt

5-Aminosalicylic acid¥ Crohn's disease 22 4
T BAS AR FE AN FE Ashael A mulk
=AY tiA} B84 57| gl 1 AR 859
NE oo = 43 & =284 £3, FrE 5
aminosalicylic acid= nephrotic syndrome & ¢27]
E Aeg dEA gleuf inflammatory bowel
disease®] 2| &ol Hgalx) Zaic} " wpebr 5-am-
inosalicylic acid®] azo prodrug?! sulfasalazine, ol-
salazine 5°] 7= o] ALEE 1 gl o] FpES
A NES U2 S3e F el KBE e ek
Yol & azo Aol FYE S-aminosalicylic
acid’} frelslo] ZHgahs Aoz A gok P Az
o= 5-aminosalicylic acid®l 3122+ prodrug.*™
brush-border enzyme-mediated amino acid pro-
drugs® =¥ glycoside FEA"7} 7gslo] Bug
LI =

£ A& Crohn's disease, YA &g sl A
£3= 5-aminosalicylic acid®] M=2$ kEiiEagH:
prodrqu—] Mg B o 7 dextran-5-ESAE &433&
3 ole] AR Aol s4EHA kA, dextra-
nase°ll &% depolymerization®ll J&& vA= 291,
B3 59 E 8B o3 ¥ FEREE AV

12} 3t} Dextran-5-ESA¥ #5504 dextranase
off 2}3}e} matrix7t £33 A 5-ESA7} HE =1L a-
zoreductaseol] 2J3ta] azo groupo! FLFHA 5-
aminosalicylic acid7} f8 2 Aoz A

4 #H

Alek % 7171

Dextran, dextranase(Penicillium sp.), carbony-
Idiimidazole, salicylic acid, ethyl-p-aminobenzo-
ate, sulfamic acid, kanamycin sulfate 2 2.4-din-
itrosalicylic acid(DNS)+= Sigma A%, HPLC#
A2ke Merck AEE, Sephadex LH-202 Phar-
macia®F&, sodium nitrite, 80 2 7|E} Al
E5& AHEEITH

IR spectra= Bomem MB100 FT-IR spec-
trophotometerg ARSSIGTH oFZe] A ¢ 242
Shimadzu UV 2101-PC UV/VIS spectrophoto-
meter?} Gilson HPLCZ 3%t} pH= Orion 320
pH meterE, A|E%= OHAUSE Analytical PlusZ A}
B3lo] FARIAt A g9 Y4Eel= Hanil Supra
K-22 centrifuge® AHE-3}%th. TLCE Kieselgel 60
FusZ AMS-3}TH

& - USP] Al ulz} 2Ajste] ARE-3IT).
AN AL FAEEA(pH 1.2)
AEA B 1M Z2A44ENH(pH 5.4)
ged C: 3 AdAEARLE 01 M sod. phos-
phate dibasic&943} (.15 M sod. phosphate mono-
basic £94& pH 6.80] HE& T3] A5t

&439D : 5.0 mM ¢14tekE 4L 5 mM sod. phos-
phate dibasic €93} phosphoric acid& pH 6] 5
52 et A

HPLCHR 0|28t 5-ASAQ| HE

HPLC= 2 pump system(model 305, 306), vari-
able UV detector(model 117), autoinjector(model
234), manometric module(model 805), dynamic
mixer(model 811C)2 T3 ¥ GilsonAte] AEFS 418
31} Column-2 GilsonAke] Synchropac ODS(250
x4.6. 5pmE A8ET, 422 264 nm. AUFS
0.019M HE&3d. o, A5 e] M2lE GilsonAke] 712
softwareZ 33t} o154 0.5mM tetrabutylam-
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monium chloride?t £ 429D 10% MeOH
£H2 (.45 um membrane filter® o f3dfe] AR5}
I, 4 1.5 mi/min®.g 2000 psi Aol 4ol
A ARRER
Mg 29 5-ASAe] 242 Chungi 591”44
Hudle] Pl o A Yae BuEgl =8

Ak

2 o

UV spectrophotometerfi} O} 28t 2Hg2| Hak

0.1N NaOH 100 mi¢ll ¢F& 100 mgs 232 60°Cell
A AT §REAIZ] F wESol Fo 5-ESAS] FE7F 1
ng/mi~20 pg/ml 5|52 0.IN NaOHZ 33tz
358 nmol A FHEE A3 PFE ZAJsa 1|
ANgS] FHEE FA3 ] AFHoZRE B F

g 343t

DNSE{0f| 2|8t EHpiEol Hak

DNS A& dinitrosalicylic acid 5gol 2N
NaOH 100 mI¢ 55 250 mIE 715t} 94A3] =
¢l ¥ sodium potassium tartrate tetrahydrate
150 g& &8iA71 FHSTE Hol 500 mi7} HA =
At 2pg-8716] B@si]ct.

Maltose ¥59(0.093 mg/ml~0.75 mg/mi) 200
pIE DNS Al 600 Wil 412 § 587 84400 8
o] AgolA 102 J4F 540 nmolA FHEE F
At AFAE FAAstan Mg FREE S}
o HEdog Ry #yde] g S35

5-(4-Ethoxycarbonylphenylazo)salicylic acid (4, 5-
ESA)Q| 814

Ethyl p-aminobenzoate(1. 4.13 g, 25 mmole)&
18% A4t 13miell @EATIL 4£°C2 BZNZ F,
sodium nitrite(1.9 g, 27.5 mmole) 3.5 miol 232
7 8AEg siste] 3023 BSAIHCh B9 nitrous
acide sulfamic acid(0.25 g, 2.5 mmole) & 713k
BafjA7] 2, W3t £ salicylic acid(3, 3.45g, 27.5
mmole)& 20% sodium carbonate £l gajA)7!
£4L 718t pH 9~108 FAAIFIRA 4°Coll A 1A]
b wghstEA kAT AAdE SE 49 so-
dium ¥< 93t EtOH/H,0(1:7) §4o2 42
AXNA Fsta 27 ez Falstd 55 g(69%)
o} 2A4¢ Atk mp 216~217°C, IR(nujol) em™
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1690(C=0, acid), 1720(C=0, ester).

Dextran-5-(4-ethoxycarbonylphenylazo)salicylic acid
ester(7, Dextran-5-ESA)Q| 814

3I3HE(4, 0.5g. 1.6 mmole)2 DMF 3.5 miol 59
benzene 17mlE& 7}t  carbonyldiimidazole(5,
0.52g, 3.2mmole)& 7}5t F 3t A|Zk wbg AT} o
71ell benzene 18 mIE 7Félal Sephadex LH-20 550
mge 7Hted 1Az whSAlA Te]  carbonyl-
diimidazoleE AA% % Sephadex LH-20< oju}s}
3 benzeneS FLAZl ¥, dextran(MW 70,000) 3
g& DMSO 60 mioll 52 498 H713ta triethy-
lamine 5.25 mI& 7}ty 55°CeilA] 3AIZE whg-A1Zic
HH-E-S kel BtOH/Et0(1:5) €40l 713t A4
B HAE EEd ¥ A DMSOe £-3fstn 28k
EtOH/Et,0(1:5) €] 713l A= =3¢ 2
W wkE3le) Bakatel AAg AArh TLCAA #24
ele] 3EE 4= HEHA) 4t}

OHEO| X|# 5 (Degree of substitution : DS)2| X

Dextran-5-ESA 100 mg2 0.1N NaOH €9 100
mi¢} 60°CAA 1417 ¥Hg-A1A fE]=E sodium 5
(4-carboxylphenylazo)salicylate® 358 nmoll 4]
UvVa A#sla o] ghimg) e DSE 9t & DS=
Dextran-5-ESA 100 mgell 2&9 3158 42 mg &
2 Aot

Dextran-5-ESA2| S}51%| oFA

Dextran-5-ESA 1g& &5 A 50mis} €59
C 50 miell Ztz} Y31 37°ColA 6X]7F WEg-A1ZTh, wh
2 0.1 mIol MeOH 0.9 mIg 713t 287 £¢3)
1 10,000x goll A 587 A& 3 A5 NoA dex-
tran-5-ESAZHE #2jd 3B 45 358 nmollA
UV=E A st

Dextranase0|| 2} depolymerization0f 0|X|= dex-
tran #X122] J&

2ol 9,000 2 70,0009 dextrans AMg-&te] &
A% DS 102 dextran-5-ESAE dextran %22
2.52 mg/ml FE5 4594 Bell 0|1, dextranase
£ 15 dextranase unit(DU)/ml7} HEE 713},
37°CollA dAAIZE vEgAIZ] & AHE s
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Dextranase0j| 2|8t depolymerization0ij D|X}= DS
o] HE ' I

Bz# 70,0009] Dextrang A& DS7 2zt
43, 20, 15, 10, 9. 62! dextran-5-ESAE ¥43tn
depolymerizationo] ¥]Xl= DS d&E& AR
t}. Dextran-5-ESAZ dextran@©Z 2.52 mg/ml
7t =% 7}z 9o Boll 30]11 dextranase® 15
DU/m7} S| x=2 718te] 37°Coll A} AT uk-gA1Z
5 AAE g94de DNSyles AaFsle] depoly-
merization A EE &3}

| oix} LY2|2| dextranase §HA &5

Dextrang ¢=d Coll =91 £-4(25 mg/ml) 1 ml
£ dA %) dextranase(Penicillium sp.) ¢} 37°Cell A
3082 MiRA 7 F, A B Bol 1£7F 9ol A4S
Bg4slA 7|0 A $992 DNSHez £33
At} Dextranase AH:-#F 0.5 DU/miolA 4.5 DU/
ml HYolA] FFHE AUt H#HE Sprague-Daw-
ley ratg Et,02 v}33te] /HES & 9% 299 &
Z2 3PNE Fu o8P 5§ Adet § ALE A
5] = AA el st 2 EEE 0.1 g2
B gsted nlo)a2 FHol| Y11 7)ol dextrand %<
#E9 C(25 mg/m)) 1 miE 7} ¥ 37°ColAM 30
ZH el T A B Bl 187 91, wigdue] &
43e DNSHoR EZAste] Ao a s 4
2 1 g % dextranase 84& 3319t}

o

ol AzAE U AR UESEY HILSEH dex-
tran-5-ESAZ HE| FalE= 5-ASAQ| &3

AE NS T o T 3] YARS dds)
37 EWG J1FEeE ARE 2PRESD, e
A748-(DSD# sk PSI 2 DSI 882 93l
CE 5ol A3t £ 0.2 miE #3le] vlo]a2FE
Y31 od7]o)] dextran-5-ESA(DS 10: 5-ESAZA] 110
Hg/0.4mhE 5% Eol %3] £ 04 mlIE 718t
6A17F B9k 37°ColA wigetact. 1 3 HHa AIRF 2+
Aol A A|ZE 5.000 rpmellA] 327 YA s 42
45 0.1 miol MeOH 0.9 mi= 71381 283 313}
1 10,000x goll A 5871 ddielstd A5 20 WE

Hatel 28 2B el % HPLOZ EAsiglnt,

Fo| WA LIS WD} UIFEE dextran-5-ESARRE T
25l 5-ASAS| &£H

M Sprague Dawley rat® Et,0Z vhalslo 7}
B3 F g B 4EE SR R ang F
S Hee ¥ AR A8} Q= AR el A drhst
o 1 WEES (0.1 g4 HHsle] vlo]2RFH Yo
oJ7]e] Dextran-5-ESA(DS 10: 5-ESAZEA 110
ng/0.5mHE 4E9A Coll 32 84 0.5 mlE 722+ 7}
gy 6AIZE F<E 3T°CollA wiFE AT o ¥ HAEs
AlZE ¥ A &E 5,000 rpmoll A 387 YA E2
3l A& 459 0.1miol MeOH 0.9 mi& 713}
287 33 10,000X goll A 583 A28l A
S 20 WE Fsld felE 5-ASAY %S HPLCE
43T

Kanamycin sulfate(5x200 mg/rat)& 29 &<
31 23] Telm AYEE A1FE] 4ATE Aol AT
7 7o) A JEES AHEEl o e doR

dextran-5-ESA ¥E #EHE 5-ASA9 %4&
HPLCE #4439t
gda ¥ s

Dextran-5-ESA (7)2| &M
Dextran? 5-ASA2) A%-2 Scheme 1o YEHA A

NaNOJHC
NH@COOCM; ¢ © N;O €00C;Hs

1

2
H H
pH 9~10
HOOC: + 2 ——> HOOC N=N COOCH,
0 1hr, 4% e
)

3
RCOOH + __}l—co—N l —  » reo-N .
4 5 8

] TEA
Oextran—OH + Rco~ K ————= Dextran -OCOR
\=N

Scheme I— Synthesis of 5-FESA and dextran-5-ESA.
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3} o] HA 5-ASA9] olvnr|E B3] St
ethoxycarbonylphenylazo”] & =&t 3188 48
gAdstn o)A S dextran® HHEAIFTH IATE 49
T & 89HE 15 tolxsiiA e 2892 ¥ 8
FE 37 wheAlA A e, 33 IR datart T8
o} Ax&Act HPFE 49 dextran®] AP
Scheme Il vehd b9} 7o) carbonyldiimidazole
(58 AHg3le ol5E 3FE 62T T triethy-
lamineE & & 8lo] dextran®} ¥rg-AlAL} A=
6ol WSS ZANF)7] Y8t F u) 2o 3
£ 52 AMg3lg o, olu kg Fofl ZAdh= 7
o] 33HE 50 93 dextran® cross-linking®] ¥
U= A 98] 938t Sephadex LH-20% 713
o 71e)e] 3I5HE 58 AAT ¥ dextranyt WA
o+ Fig. 19 dextran-5-ESA9] IR spectrum& 1}
Bl er, 9832l 33E 4 9 dextrand 719l
3k peakEo] T B} dextrane] Aol 9
3l A7) ester carbonyl”12] peak”} 1690 cm ' 3§l
A el #2388 5 Aot

Dextran Y7 3ol tidte] 3 49} AHES4 S 2

st} DS7} hE AYBE 9 S e 1 A%E

Fig. 1— IR spectra of a) 5ESA, b) Dextran, ¢) Dextran-
5ESA.
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Table I— Weight of 5-(4-ethoxycarbonyllphenylazo) sal-
icylic acid (5-ESA) per gram of dextran used
for the coupling of 5-ESA to dextran to pre-
pare dextran-5-ESA and the DS* of the resul-

ting product
5EAS 1.8 0.6 0.35 0.25 0.17
DS 43 21 15 10 6

* DS : mg of 5ESA bound per 100 mg of dextran-ESA.

Table 1ol Yehldth DS g2 dextran-5-ESAS
0.1IN NaOH &9l 117k §Hg-AI1A fFej=le o2
£ UVE &A3}Y dextran-5-ESA 100 mg¥ 2¢¥
k2ol mg & At

Dextran-5-ESAQ| &&= obgAM

A3#AA prodrugs 7317 & F AL
AXE ¢ B3 o2 Ao} sz ol A
A3t7] 93t dextran-5-ESAE 37°CellA], H &
24 pHE melshe] pH 1.2 = pH 6.8 58 o
Al 6AIZE B¢ HREAIZ 2L DSl #AI%10] S
4= AEHA Qo nz 9 T 2golx sepHon
=S Aow AZtE

l'e3

Dextran-5-ESAQ| dextranase0jl S8t depolymeri-
zation

Depolymerization AEE dextran®] dextrana-
seol| 9J3led Raj=lo] A4 H = isomaltoseE DNSH
o wiz} AFBEte] SAIATE EAEFo] k2 dex-
trang AHE-8led & dextran-5-ESA(DS 10)¢] de-
polymerization ZA#E Table I uYehlidey,
dextran®] 2ol o2 JFE ERA] FUTt
DS7F Y& AJRE59 depolymerization AEE At

Table HI— Influence of variation in molecular weight
(MW) of dextran on the depolymerization
(%) of dextran-5-ESA by dextranase®

MW Lime 5 min 05hr 1hr 3hr
9000 42 60 94 100
70000 38 58 94 100

* The amount of sample (DS 10) containing 2.52 mg e-
quivalent of dextran was incubated with dextra-
nase (15 DU/ml) at 37°C and the degree of de-
polymerization was determined by DNS method at
specified time interval.
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Table HI — Influence of DS on the depolymerization (%) of dextran-5-ESA by dextranase determined by DNS

method”

D Time  Gsmin  05hr 1hr 3hr 5 hr 8hr 24 hr 72 hr
43 - - - - - 3 6. 6
20 - - - 15 74 9.7 27.0
15 6.0 34.0 450 79.0 3.0 100
10 38.0 58.0 94.0 100 95.0
o 400 72.0 78.0 88.0
6 410 100 100

Dextran - 100

®The amount of sample containing 2.52 mg equivalent of dextran was incubated with dextranase (15 DU/ml) at
37°C and the degree of depolymerization was determined by DNS method at specified time interval.

» Sephadex LH-20 non-treated product.

Wz Ao 1 AZE Table I eI
Dextran& 30% olujel] ¢bd3] &= en DSt
255 2371 Z dojubA] @%ta DS7E 20 o]l H
A E37F A Aoy gkotx] SFE 49] {8 Yol
7F = 5-aminosalicylic acid 2 benzocaine (1)¢]
wWZo] ASAY o P}

F9| =T LISRWON 2|2t dextran-5-ESAQ| §iAS}

Dextran-5-ESA®] 843} 24L& i 2siwol4]
= dextran®] YA Fol2 18t esterased] LS
wx)ofol AgH oFEo] JHEE A %I bacterial
count”t 2 colonolA vl 2ol sl € en-
dodextranased} 2)#] dextran matrix7} WA W&
452 BajEo] B2} 27171 Folxl £ Astg ojrjd
v £25H esterasedl] oJ3) FEo] s s o] &
gk Base] ot mebA, dextran-5-ESAE
AT Fodstm, AolA n|AEY FLO 2 dextran
F70] WA BajE 1 esterddel 7leEa9t azo7|
o) 3o A oFEQl 5-ASATE RE1E Ao oy
3lo, olw] ¥57)2 o] 83 benzocaineo] o= A&
A golA] AEsid 559 dsllr =]
g o2 7iuisidrt. 9] 4l dextran &3 E49]
AR G4 zlolE FARY| At dA e
dextran< dextranase(Penicillium sp )¢} w43 &
depolymerization®l = dextranased] ¥& ®
S}Al7IHA] DNSHOZ ARSI A3ME when, 2
< 9] dextran® 79| BF EE dA ) vt
& depolymerization A=E X3 A2 HHF
A& o] &3te] W WL-E9] dextranases] E4& =
AU D 2 AFE Fig. 20 Jehideh. #Hel g
o} ## dextranase activity(DA)& 7.4+0.11, (n=

=
A=

DA=2.215s + 0.0935(r=0.999)

Dextranase Activity(DU/ml)

-

o 1 1 1 L
0 " 04 0.8 1.2 18 2

Absorbance

Fig. 2— Calibration of dextranase activity (DA) and de-
termination of DA in rat cecum contents. Dex-
tran (25mg in 1 m] of phosphate buffer) was in-
cubated with dextranase at 37°C for 30 min and
the degree of depolymerization was determined
by measuring the absorbance at 540nm. Cali-
bration curve was constructed at a range of 0.5~
45DU/ml of DA. DA of cecum contents was
deduced from the calibration after incubation of
dextran and cecum contents (0.1g wet weight)
by the same procedure.

1002 A=A

B ol Be 279 40 EAEIL 2 Sl
dextranase°ll 9j3} A4E SUTE BT = A=
Qe Aoz A drhs dg mesHE,” A Hg
o2k 9] dextranase activitys £ 284 DNSY
o8 Z23% ght F Ao Y,

Dextran-5-ESA(DS 108 #o 943 J&E3
37°CelM HiFs A%E Fig. 300 YeRAATH Dex-
tran-5-ESAE 8217 A #318 ol oF 50%1(26.45 pg) 2
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100 -
—@— 5-E3A 0.11 mg eqv./100 mg cecal contents
-~ S-ESA 0.11 mg eqv./100 mg PSi or OS! contents

% Release of 5-ASA

0 5 10 15 20 25 30
Time(hr)

Fig. 3— Release of 5-ASA in contents of 0.6 ml of sixfoid
dilution in isotonic phosphate buffer (pH 6.8) of
cecumn (w/v), PSI (v/v) and DSI (v/v) during in-
cubation of dextran-5-ESA (DS 10, 110 pg equiv.
of 5-ESA). Data are mean*+S.E. (n=5).

5-ASA7F =, 242)7ke] AU E 80%(42.3
ug) ool =Tt 23 WE-B(PSI 9 DSDE A
&3t $U% WAooz P A= 5-ASAT &
2= edHFig. 3).

Kanamycin sulfate® A2l 4 @529 53y
B-Eol| A= prodrugs] 43171 Aol B354 ohgt=
B (5-ASAE57} 0.1 ug/ml ©|3}) °]+ prodruge] &
87t d il BB e Bl 710 8L RoF)

2 A%49%Z 5-aminosalicylic acid®] EAA
prodrug?! dextran-5-ESAE 43488l F471
AAE 3, sishq HEA oz Y3y, g =g
s M AR fEjel gl 93 FeiEo] AFEAA
& 7HAele dAgt

2 @
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