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ABSTRACT
Background: Inflammatory bowel disease (IBD) refers to idiopathic inflammatory
diseases of the intestine, principally ulcerative colitis and Crohn’s disease. IBD is
characterized by chronic inflammation in the mucosal membrane of large intestine. 5ASA is the gold standard for the treatment of IBD and when searched for a better 5ASA prodrug, a novel mutual azo prodrug was designed and synthesized.
Methods: A mutual prodrug was synthesized by coupling p-phenetidine with
salicylic acid. The stability of this prodrug in HCl buffer, in phosphate buffer and in
rat fecal matter were monitored.
Results: The chemical structure of mutual prodrug was characterized by physical and
spectroscopic techniques using FTIR, UV/Visible, 1H-NMR and 13C-NMR spectra. In
vitro kinetic studies in HCl buffer (pH 1.2) showed negligible release of 5-ASA and
p-phenetidine, whereas in phosphate buffer (pH 7.4) only (22.04 %) release was
observed over a period of (6 hr.). In rat fecal matter, the hydrolysis of mutual prodrug
was almost complete (77.96 %), with a half-life of 182.67 min, following zero order
kinetics.
Conclusion: The mutual prodrug was split in colon by the action of bacterial
azoreductase into 5-ASA and p-phenetidine that constitute two anti-inflammatory
compounds with different mechanisms of action. Therefore, this mutual prodrug is a
promising colon specific prodrug for IBD and worthy of further study.
Keywords: IBD, 5-ASA, p-phenetidine, azo coupling, mutual prodrug.
اﻟﺨﻼﺻﺔ
 ﻣ ﺮض اﻷﻣﻌ ﺎء اﻟﺘﺤﺮﻳﻀ ﻲ ﻳﺸ ﻴﺮ إﻟ ﻰ ﻣﺠﻤﻮﻋ ﺔ ﻣ ﻦ اﻷﻣ ﺮاض اﻟﺘﺤﺮﻳﻀ ﻴﺔ اﻟﻤﺠﻬﻮﻟ ﺔ اﻷﺳ ﺒﺎب واﻟﺘ ﻲ:اﻟﺨﻠﻔﻴ ﺔ
 وﻳﺘﻤﻴﺰ ﻣﺮض اﻷﻣﻌﺎء اﻟﺘﺤﺮﻳﻀﻲ ﺑﻮﺟ ﻮد اﻟﺘﻬ ﺎب،ﺗﺼﻴﺐ اﻷﻣﻌﺎء ﺧﺎﺻﺎ اﻟﺘﻬﺎب اﻟﻘﻮﻟﻮن اﻟﻤﺘﻘﺮح وﻣﺮض آﺮوﻧﺰ
 أﻣﻴﻨ ﻮ ﺣ ﺎﻣﺾ اﻟﺴﺎﻟﻴﺴ ﻴﻠﻴﻚ اﻟﻤﻌﻴ ﺎر اﻟ ﺬهﺒﻲ ﻟﻤﻌﺎﻟﺠ ﺔ ه ﺬا-٥  ﻳﻌﺘﺒ ﺮ.ﻣﺰﻣﻦ ﻓ ﻲ اﻟﻐﺸ ﺎء اﻟﻤﺨ ﺎﻃﻲ ﻟﻸﻣﻌ ﺎء اﻟﻐﻠﻴﻈ ﺔ
 ﺗ ﻢ ﺗﺼ ﻤﻴﻢ وﺗﺼ ﻨﻴﻊ ﺑ ﺎدئ دواء، أﻣﻴﻨ ﻮ ﺣ ﺎﻣﺾ اﻟﺴﺎﻟﻴﺴ ﻴﻠﻴﻚ-٥ وﻋﻨﺪ اﻟﺒﺤﺚ ﻋﻦ أﻓﻀﻞ ﺑﺎدئ دواء ﻟﻌﻘﺎر،اﻟﻤﺮض
.ﺗﺒﺎدﻟﻲ ﺟﺪﻳﺪ ﻣﻦ ﻧﻮع اﻵزو
 إن اﺳ ﺘﻘﺮارﻳﺔ ﺑ ﺎدئ. ﻓﻴﻨﺘﻴﺪﻳﻦ ﻣﻊ ﺣ ﺎﻣﺾ اﻟﺴﺎﻟﻴﺴ ﻴﻠﻴﻚ- ﺗﻢ ﺗﺼﻨﻴﻊ ﺑﺎدئ اﻟﺪواء اﻟﺘﺒﺎدﻟﻲ ﺑﺎﻗﺘﺮان اﻟﺒﺎرا:ﻃﺮق اﻟﻌﻤﻞ
 ﻣﺤﻠﻮل اﻟﻔﻮﺳﻔﻴﺖ اﻟﺒﻔﺮي وﻓﻲ ﻣﺎدة ﺑﺮاز اﻟﺠﺮذان ﻗ ﺪ،اﻟﺪواء اﻟﺘﺒﺎدﻟﻲ ﻓﻲ ﻣﺤﻠﻮل ﺣﺎﻣﺾ اﻟﻬﺎﻳﺪروآﻠﻮرﻳﻚ اﻟﺒﻔﺮي
.ﺗﻤﺖ ﻣﺮاﻗﺒﺘﻬﺎ
 ﺗﻢ ﺗﺸﺨﻴﺺ اﻟﺸﻜﻞ اﻟﻜﻴﻤﻴ ﺎﺋﻲ ﻟﺒ ﺎدئ اﻟ ﺪواء اﻟﺠﺪﻳ ﺪ ﺑﺎﺳ ﺘﺨﺪام اﻟﻮﺳ ﺎﺋﻞ اﻟﻔﻴﺰﻳﺎﺋﻴ ﺔ واﻟﻄﻴﻔﻴ ﺔ آﻄﻴﻔ ﻲ اﻷﺷ ﻌﺔ:اﻟﻨﺘﺎﺋﺞ
 آﻤ ﺎ أﻇﻬ ﺮت اﻟﺪراﺳ ﺎت،ﺗﺤ ﺖ اﻟﺤﻤ ﺮاء وﻓ ﻮق اﻟﺒﻨﻔﺴ ﺠﻴﺔ واﻟ ﺮﻧﻴﻦ اﻟﻨ ﻮوي اﻟﻤﻐﻨﺎﻃﻴﺴ ﻲ ﻟﻠﺒﺮوﺗ ﻮن واﻟﻜ ﺎرﺑﻮن
اﻟﺤﺮآﻴ ﺔ ﺧ ﺎرج ﺟﺴ ﻢ اﻟﻜ ﺎﺋﻦ اﻟﺤ ﻲ اﺳ ﺘﻘﺮارﻳﺔ ﺑ ﺎدئ اﻟ ﺪواء اﻟﺠﺪﻳ ﺪ ﻓ ﻲ ﻣﺤﻠ ﻮل ﺣ ﺎﻣﺾ اﻟﻬﺎﻳ ﺪروآﻠﻮرﻳﻚ اﻟﺒﻔ ﺮي
( ﺧ ﻼل٤,٧ ( ﻓ ﻲ ﻣﺤﻠ ﻮل اﻟﻔﻮﺳ ﻔﻴﺖ اﻟﺒﻔ ﺮي )درﺟ ﺔ ﺣﻤﻮﺿ ﺔ٠٤,٢٢%) ( وﺗﺤﺮﻳ ﺮ ﻓﻘ ﻂ٢,١ )درﺟ ﺔ ﺣﻤﻮﺿ ﺔ
( وﺑﻌﻤ ﺮ ﻧﺼ ﻒ٧٧٫٩٦%)  أن ﺗﺤﻠ ﻞ ﺑ ﺎدئ اﻟ ﺪواء اﻟﺠﺪﻳ ﺪ ﻓ ﻲ ﻣ ﺎدة ﺑ ﺮاز اﻟﺠ ﺮذان آ ﺎن ﺷ ﺒﻪ آﺎﻣ ﻞ.ﺳ ﺎﻋﺎت٦
. دﻗﻴﻘﺔ( ﻣﺘﺒﻌﺎ ﺣﺮآﻴﺎت رﺗﺒﺔ اﻟﺼﻔﺮ١٨٢٫٦٧)
 أﻣﻴﻨ ﻮ-٥ ﺳﻴﻨﺸﻄﺮ ﺑﺎدئ اﻟﺪواء اﻟﺘﺒ ﺎدﻟﻲ ﻟﻴﺤ ﺮر، ﻓﻲ اﻟﻘﻮﻟﻮن وﺗﺤﺖ ﺗﺄﺛﻴﺮ إﻧﺰﻳﻢ اﻻزورﻳﺪآﺘﻴﺰ اﻟﺒﻜﺘﻴﺮي:اﻻﺳﺘﻨﺘﺎج
 ﻟ ﺬﻟﻚ. ﻓﻴﻨﺘﻴ ﺪﻳﻦ ﻣ ﻮﻓﺮا ﺑ ﺬﻟﻚ ﻣ ﺮآﺒﻴﻦ ﻣ ﻦ ﻣﻀ ﺎدات اﻟﺘﺤ ﺮﻳﺾ ﺑﺎﻟﻴ ﺎت ﻋﻤ ﻞ ﻣﺨﺘﻠﻔ ﺔ-ﺣ ﺎﻣﺾ اﻟﺴﺎﻟﻴﺴ ﻴﻠﻴﻚ واﻟﺒ ﺎرا
ﻳﻤﻜ ﻦ أن ﻳﻌﺘﺒ ﺮ ﺑ ﺎدئ اﻟ ﺪواء اﻟﺘﺒ ﺎدﻟﻲ ه ﺬا دواء واﻋ ﺪ ﻟﻌ ﻼج ﻣ ﺮض اﻷﻣﻌ ﺎء اﻟﺘﺤﺮﻳﻀ ﻲ آﻤ ﺎ اﻧ ﻪ ﺟ ﺪﻳﺮ ﺑﺪراﺳ ﺔ
.إﺿﺎﻓﻴﺔ
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I

nflammatory bowel disease (IBD)
encompasses several chronic
inflammatory
conditions,
most
significantly ulcerative colitis and
Crohn’s disease1. IBD is characterized
by chronic inflammation in the
mucosal membrane of the small and/or
large intestine2. The etiology of IBD
remains unknown; however, two
primary theories have been proffered
focusing on either a specific persistent
infectious agent3,4 or an abnormal host
immune response to ubiquitous
antigens in the luminal constituents.
Evidence support the observation that
patients with IBD are genetically
susceptible to this disease and the
defect targets are unable to effectively
down-regulate
the
inflammatory
response to specific antigens or
luminal bacteria5. Although many
treatments have been recommended
for IBD, they do not treat the cause but
are effective only in reducing the
inflammation
and
accompanying
symptoms in up to 80% of patients6.
Oral delivery is the most common and
preferred route of drug administration,
this is the ideal route to deliver
compounds to colonic sites to treat
IBD; however; the digestive tract
exhibits several obstacles to drug
delivery including gut motility,7
stomach intraluminal pH profiles8 and
degradative enzymes9.
In order to achieve an effective colonic
delivery, a drug needs to be protected
from
absorption
and/or
the
environment of upper GI tract and then
rapidly released into the proximal
colon, which is the optimal site for
colon-targeted delivery of the drug.
Colonic drug delivery through colonspecific prodrug activation may be
accomplished by the utilization of the
high activity of certain enzymes at the
target site relative to non-target
tissues,
enabling
for
prodrug
conversion to active drug10.
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The intestinal microflora consists of a
coexisting
mixture of
aerobic,
facultative anaerobic and strict
anaerobic bacteria in a complex
ecosystem. These bacteria produce a
wide range of enzymes such as βglucuronidase, β-xylosidase,
αarabinosidase,
β-galactosidase,
nitroreductase,
azoreductase,
deaminase, urea hydroxylase, etc11,12.
5-Aminosalicylic acid (5-ASA) is an
effective compound to attenuate the
inflammatory response in IBD while
its mechanism of action is not fully
understood. Because 5-ASA usually
fails to reach the colon leading to
significant adverse effects,13 a prodrug
approach for colonic delivery of 5ASA has become a rational system of
drug delivery for the topical treatment
of IBD14.
5-ASA triggers the peroxisome
proliferator-activated receptor (PPARγ) family of nuclear receptors, which
regulate
inflammation,
cell
proliferation, apoptosis, and metabolic
function. PPAR-γ receptors are highly
expressed in colonic epithelia and their
expression is up-regulated by the gut
bacteria15.
Non-steroidal anti-inflammatory drugs
(NSAIDs) are widely used in the
treatment of chronic inflammatory
states. In addition, they showed a
promising activity for prevention and
treatment of IBD16, 17. When they are
administered orally, a large amount of
the NSAIDs are absorbed from the
upper GIT and causes systemic side
effects. Therefore, it is preferable to
deliver the drug site-specifically to the
colon.18
As amide or azo prodrugs, selective
delivery of NSAIDs to colon can be
useful in terms of reducing the
administered dose and undesirable
side-effects19, 20 but the most important
disadvantages of these prodrugs are
the low bioavailability and the
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irritation cause by their carboxylic acid
groups21, 22.
P-phenetidine is a minor metabolite of
phenacetin and is a more potent
inhibitor, even at a nanomolar level, of
the prostaglandins synthesis than
indomethacin, with greater selectivity
to COX-2 inhibition23, 24.
It was believed that p-phenetidine may
cause renal toxicity and methemoglobinemia, but recently, researches
confirm that the N-hydroxy metabolite
which results from hepatic oxidation
of p-phenetidine is responsible for
these toxicities25, 26 .
Experimental
Materials
P-phenetidine was
synthesized in laboratory according to
Williamson synthesis of ether27, 28 via
condensation
of
sodium
Paminophenoxide and ethyl chloride.
All other chemicals were of analytical
reagent grade and those of synthetic
grade were purified prior to use.
Instruments
Thin layer chromatography (TLC) of
the synthesized compound was
performed on precoated plates of silica
gel 60 F 5 (Merck) using iodine vapor
and UV light for visualization. The
solvent mixture employed for TLC
was composed from chloroform:
acetone (4:1).
Melting point of the product was
determined by open capillary method
on electrothermal CIA 9300 and is
uncorrected.
Chemical structures were drawn by
Chemdraw Office 2001 software.
Ultraviolet spectrum of the
synthesized compound was determined
on Carrywinn U.V. Varian UV/Visible
double-beam spectrophotometer in
hydrochloric acid buffer (pH 1.2),
phosphate buffer (pH 7.4), chloroform
and distilled water.
FTIR spectrum of the synthesized
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compound was recorded by Buck 500
scientific I.R. spectrophotometer in
anhydrous potassium bromide (IR
grade) pellet.
The 1H-NMR and 13C-NMR spectra of
the synthesized compound were
recorded by Varian Mercury 400
MHz. (France)
Synthesis of azo prodrug 29
A concentrated hydrochloric acid (16
ml) was added to a well stirred
suspension of p-phenetidine citrate
(3.425 g, 0.025 mol) in water (12 ml)
and the mixture was heated up to 70°C
and maintained at that temperature till
a clear solution obtained. After cooling
the solution to 3°C in a cryostatic bath,
a solution of sodium nitrite (2 g, 0.028
mol) in water (10 ml) was added
dropwise over a period of 10 minutes
with stirring. The reaction mixture was
stirred at a temperature below 5°C for
one hour. The excess of nitrous acid
(tested by using moist starch iodide
paper) was removed by adding
required amount of sulphonic acid
solution (10%). The clear diazonium
salt solution was obtained and used
immediately in the coupling reaction.
Salicylic acid (3.45 g, 0.025 mol) was
dissolved in sodium hydroxide
solution (25 ml, 10% w/v). The
solution was cooled to 3°C in
cryostatic bath. To this well stirred
solution, the above diazonium solution
was added dropwise and the
temperature kept below 5°C. The
reaction mass was further stirred for
two hours at 5°C maintaining the pH
8.0 by adding required amount of 10%
w/v of sodium carbonate solution. The
reaction mass was diluted with hot
water (80 ml) until the washings were
neutral. Then diluted solution of HCl
was added dropwise. The product was
filtered off, dried and recrystallized
from ethanol (scheme 1).
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H 3 CH 2 C

NH 2

O

4-Ethoxy-phenylamine
(p-Phenetidine)
Diazonium salt formation

H 3 CH 2 C

HCl , NaNO 2

N 2 + Cl -

O

4-Ethoxy-phenyldiazonium chloride

Coupling reaction

Sodium salicylate
Sodium carbonate (10%)

COO - Na +
H 3 CH 2 C

O

N
N

OH

Sodium; 5-(4-ethoxy-phenylazo)-2-hydroxy-benzoate

Scheme 1. Synthesis of azo prodrug
The purity of compound was
established by TLC and its result
showed that only a single spot was
observed. The melting point was 217219°C, the percentage of yield was
78% and the Rf value was 0.43.
In vitro stability studies
The stability of azo prodrug in 0.05 M
hydrochloric acid buffer (pH 1.2) and
in 0.05 M phosphate buffer (pH 7.4)
was monitored according to the
following procedure 30 :
A sample (10 mg, 0.035 mmol) of azo
prodrug was introduced into a conical
flask containing 900 ml of HCl buffer;
the resulting solution was kept at a
constant temperature (37 ± 1°C) using
a water bath with gentle stirring. When
the UV spectra of 5-ASA, pphenetidine and
prodrug
were

overlaid, it was observed that the UV
spectrum of prodrug did not interfere
with the absorption ranges of 5-ASA
and p-phenetidine, as is obvious from
the difference in the λmax values of 5ASA (303 nm), p-phenetidine (247
nm) and the prodrug (385 nm).
Therefore the aliquots were directly
estimated
on
UV/Visible
spectrophotometer at 385 nm every 30
minutes for three hours to monitor the
amount of prodrug remaining.
In order to examine the stability of azo
prodrug in phosphate buffer, the same
procedure as described above was
followed, except that the phosphate
buffer replaced the HCl buffer and the
UV/Visible data were taken at 476 nm
every 30 minutes for six hours.
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Table 1. Kinetic data obtained from the stability studies
Type of buffer
A
λmax (nm)
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a (mmole)

ε

HCl buffer (pH 1.2)
0.0413
385
0.035
589.75
Phosphate buffer (pH 7.4)
0.0537
476
0.035
766.81
A = absorbance, a = conc. of mutual prodrug at zero time and ε = absorbance
coefficient.
Release study in rat fecal matter 31
consequently, lower the administered
The azo prodrug was dissolved in
dose and systemic side effects.36 A
phosphate buffer (pH 7.4), so that the
variety of approaches have been
final concentration of the solution was
developed for the purpose of achieving
250 mg/ml. Fresh fecal material of rats
colonic targeting, one of the most
was weighed (1 g) and placed in set of
common approaches is azo prodrugs37.
test tubes. To each test tube, (1 ml) of
This type of prodrugs is designed to
the prodrug solution was added and
undergo minimal absorption and
diluted to (5 ml) with phosphate buffer
hydrolysis in the upper GIT and
to achieve a final concentration of 50
undergo enzymatic hydrolysis via
mg/ml. The test tubes were incubated
azoreductase to release the active drug
at 37°C.
moiety in colon38.
Every (30 minutes) for six hours, one
In treatment of IBD, 5-ASA
test tube was removed from a water
usually coupled with a carrier for
bath and the concentration of azo
colon targeting,39 the most commonly
prodrug was directly estimated on a
used naturally occurring colondouble
beam
UV/Visible
targeting carriers are polysaccharides
spectrophotometer at 476 nm. All the
such as cyclodextrins 40 and amino
kinetic studies were carried out in
acids such as aspartic acid, glutamic
triplicate and monitored by the
acid, glycine, lysine and tyrosine,
decrease in prodrug concentration with
these carriers are not toxic but have no
time.
pharmacological activity41-43.
The potential of some NSAIDs as
Results and Discussion
Colonic drug delivery has gained a
colon targeted delivery systems for
great importance not just for the
treatment of IBD was studied, but
delivery of drugs for the treatment of
these
systems
have
several
local diseases associated with colon
disadvantages
such
as
low
like Crohn’s disease and ulcerative
bioavailability and irritation caused by
colitis but also for the potential it holds
their carboxylic acid group44.
for the systemic delivery of proteins
In this study, a novel mutual azo
and therapeutic peptides32. The large
prodrug of 5-ASA with p-phenetidine
was synthesized. The azo linkage of
intestine, though difficult to reach by
this mutual prodrug was proposed to
peroral delivery, is still deemed to be
be broken in colon by the action of
the ideal site for the delivery of agents
azoreductase produced by colonic
to cure the local diseases of colon.33
microflora to release two compounds
The most critical challenge in such
with
different
anti-inflammatory
drug delivery approach is to preserve
mechanisms of action. This study
the formulation during its passage
proposed that this novel prodrug may
through the stomach and about first six
be beneficial in treatment of IBD.
meters of the small intestine 34, 35.
Targeted drug delivery to the colon
Infrared spectrum of azo prodrug
The infrared spectrum (KBr) of azo
would therefore, ensure direct
prodrug showed a weak band at 1494
treatment at the disease site and,
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cm-1 for unsymmetrical p-substituted
azo group. The band at 3356 cm-1
indicating the presence of phenolicOH (H-bonded). The bands at 1612
cm-1, 1085 cm-1 can be attributed to
aromatic ether. The characteristic
bands at 1754 cm-1 and at 2935 cm-1
are due to the stretching of carbonyl
and hydroxyl groups of carboxylic
acid while the bands appear at 3095
cm-1, 2885 cm-1 are corresponding to
the stretching of methylene and methyl
groups respectively. The strong bands
at 824 cm-1, 805 cm-1 refer to the
bending of C-H of disubstituted and
trisubstituted
aromatic
rings
respectively.
UV/Visible spectrum of azo prodrug
The ultraviolet spectrum of azo
prodrug gave different λmax values in
different solvents such as: λmax in an
aqueous acidic solution (pH 1.2) = 385
nm, λmax in an aqueous phosphate
buffer solution (pH 7.4) = 476 nm,
λmax in chloroform = 412 nm and the
λmax in distilled water =454 nm. The
λmax values of azo prodrug in different
solvents showed an increasing in
magnitude compared with 5-ASA, this
red shift or bathochromic shift is due
to the increase in conjugation
indicating the formation of azo
bond.45, 46
1
H-NMR spectrum of azo prodrug
1
H-NMR (DMSO-d6) spectrum of azo
prodrug showed the chemical shifts for
the protons of methyl and methylene
groups at δ 1.91-2.07 ppm (t, 3H) and
at δ 3.06-3.29 ppm (q, 4H)
respectively. This spectrum clearly
indicated the proton of phenolic-OH at
δ 6.23 ppm (s, 1H). The protons of
aromatic rings resonated at δ 6.90-6.96
ppm (m, 3H) and at δ 7.13-7.34 ppm
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(dd, 4H) while the proton of
carboxylic acid group resonated at δ
11.14 ppm (s, 1H).
13
C-NMR spectrum of azo prodrug
13
C-NMR spectrum of azo prodrug
reported that the carbons of methyl
and methylene groups resonated at δ
14.72 ppm and at δ 67.94 ppm
respectively. The carbon of aromatic
ring attached to COOH resonated at δ
129.48 ppm while the carbon atoms of
aromatic rings attached to azo bond
resonated at δ 132.94 ppm and at δ
134.61 ppm which confirmed the
formation of azo bond.
The carbon atom of aromatic ring
attached to OH resonated at δ 153.45
ppm while the carbon atom of
aromatic ring attached to ether group
resonated at δ 164.12 ppm. This
spectrum clearly indicated that the
carbon atom of (C=O) group resonated
at δ 170.71 ppm.
In vitro kinetic studies
The azo prodrug in (0.05 M)
hydrochloric acid buffer (pH 1.2)
showed negligible release of 5-ASA
and p-phenetidine. Whereas in
phosphate buffer (pH 7.4), only (22.04
%) release was observed over a period
of six hours. The objective of
bypassing the upper gastrointestinal
tract with minimum prodrug release
was achieved. Further study in rat
fecal matter was carried out to confirm
the colonic reduction of azo prodrug
over a period of six hours; azo prodrug
gave (77.96 %) cumulative release of
5-ASA and p-phenetidine.
Table 2 shows the kinetic data
obtained from the release study of azo
prodrug in rat fecal matter at 37°C and
λmax (476 nm).
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Table 2. Kinetic data of the release study in rat fecal matter
Absorbance

Time
(min.)

(a-x)
(mol×10 6)

x
(mol×10 6)

0.0537
0.0492
0.0458
0.0397
0.0355
0.0307
0.0267
0.0224
0.0180
0.0132

0
30
60
90
120
150
180
210
240
270

35
32.05
29.88
25.91
23.18
20.05
17.43
14.59
11.73
8.58

0
2.95
5.12
9.09
11.82
14.95
17.57
20.41
23.27
26.42

Cumulated
drug release
(%)
0
8.43
14.63
25.97
33.77
42.71
50.20
58.31
66.49
75.49

0.0093
300
6.09
28.91
82.60
0.0036
330
2.38
32.62
93.20
0
360
0
35
100
(a)= conc. of azo prodrug at time zero and equal to (35×10-6 mole), (a-x) =
conc. of azo prodrug remaining for any time.

The release study of azo produg in rat
fecal matter followed zero order
kinetics
(Figures 1, 2), the t1/2
(average of three trials) of azo prodrug

was found to be (182.67 min), whereas
the rate constant (k) was found to be
(0.0958
×10-6
±
0.0001).

40
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Figure 1. The slope for release study of the azo prodrug in rat fecal matter

Cumulated drug release (%)
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Figure 2. Release profile of 5-ASA and p-phenetidine from their azo
prodrug in rat fecal matter.
Conclusion
In the present work, a novel mutual
azo prodrug was synthesized by
coupling p-phenetidine with salicylic
acid and its chemical structure was
characterized
by
physical
and
spectroscopic techniques, as FTIR,
UV/Visible, 1H-NMR and 13C-NMR
spectra. Properties of this prodrug
acting as a colon-specific compound
was evaluated depending on in vitro
kinetic studies in HCl buffer, in
phosphate buffer and in rat fecal
matter. The results showed that only a
small fraction of novel prodrug was
hydrolyzed in upper gastrointestinal
tract and the most fraction was
delivered to the colon and split by
bacterial azoreductase to liberate pphenetidine and 5-ASA. Therefore,
this prodrug is a promising colon
specific prodrug for IBD and worthy
of further study.
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