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ABSTRACT
The aim of present study was to synthesize Polyphosphazene copolymers 4‐amino‐BCA conjugates containing an aromatic azo bond. The
combination of colon specific aromatic azo bond cleavage resulted in a highly efficiently release of 4‐amino‐BCA from conjugate by caecal contents
in vitro. The conjugates were also determined to be stable in simulated upper GI tract conditions. These Polyphosphazene copolymer BCA conjugate
have the potential to enhance the therapeutic efficacy of 4‐amino‐BCA against colon cancer and to reduce side effects due to local drug release.
Acidic PBS buffer, rat small intestine contents and small intestine mucosa solutions were used to simulate upper GI tract conditions, where rat
caecum contents and large intestine mucosa solutions were used to simulate conditions in the colon. These experiments suggested that the
Polyphosphazene copolymer‐ BCA conjugate containing an aromatic azo bond was stable in simulated upper GI tract conditions. Here, we reported
the design and synthesis of Polyphosphazene co‐polymer BCA conjugate, which are cleaved specifically in colon and produce 4‐amino‐BCA. Due to
absence of peptide bond, this conjugate was not susceptible to attack by digestive enzymes in stomach and SI and demonstrated stability in acidic
phosphate, SI mucosa and SI contents. Therefore it can be predicted that after oral administration, the conjugate will stay intact in upper GI tract.
When the conjugate reaches the large intestine, its indigenous micro‐flora degrades the azo bond and released 4‐amino‐BCA, remnants of linker
group. Using this novel approach, Colon tumor cell may be effectively killed by high local drug concentration obtained by colon specific drug release
Keywords: 4‐amino‐BCA conjugates, Colon cancer, Colon specific drug release

INTRODUCTION
The anticancer drug N,N‐Bis‐(2‐Chloroethyl)Aniline (BCA) is a
synthetic nitrogen mustard derivative1 and act by alkylating the N7
nitrogen of a guanine residue in one or both strands of DNA
molecule.2 This alkylating leads to cross‐linkages between guanine
residue in the DNA Chains and/or depurination that facilitates DNA
strands breakage Fig.1.
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efficacy.3 Water soluble Polyphosphazene4 Polymer might provide a
platform to treat colon cancer by maintaining BCA concentration
over its threshold in the colon by the use of colon specific drug
delivery. Polyphosphazene polymer is bio‐degradable polymer, 5,6
where a drug is attached via a spacer that can be degrades at target
site. To achieve colon‐specific delivery, a BCA drug may be attached
to Polyphosphazene copolymer side chains via aromatic azo bond
cleavable by azoreductase activities present in the colon. e.g: release
of 5‐amino salicylic acid bound to HPMA copolymer via an aromatic
azo bond was demonstrated using streptococcus faeciam, an isolated
strain of bacteria commonly present in colon,7 the caecum contents
of rats, guinea pigs, rabbits8 and in human faeces.9 It was shown that
the aromatic azo bond was cleaved in vitro10 resulting in the release
of 4‐amino‐BCA.
A prodrug strategy was proposed that used to separate the drug by
spacers which separated the enzymatically cleaved bond from the
drug by a self eliminating group.11‐13 In this study, a novel colon
specific BCA delivery system based on Polyphosphazene copolymer
conjugates containing BCA and aromatic azo bond was designed and
synthesized. Polyphosphazene copolymer BCA conjugates were
prepared by radical copolymerization of Polyphosphazene with BCA.
In vitro degradation of polymer conjugates by azoreductase
activities in rat caecal contents was studied. The stability of
conjugates in SI contents, SI mucosa, large intestine mucosa and in
low pH and phosphate buffer was also investigated.
MATERIALS AND METHODS

O
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N

BCA and Polyphosphazene were prepared as described below. All
other chemicals were from Sigma Aldrich and Qualigens.
NH2

Cross linked strands of DNA

Fig. 1: Alkylation of guanine bases in DNA is responsible for the
cytotoxic effect of BCA
But the BCA is less active against a wide spectrum of solid tumor
including colon cancer. As G1 and S phase specific drug, the drug
requires prolongs exposure to the tumor with concentration
exceeding a minimum threshold to achieve optimal therapeutic

Synthesis
Poly(dichlorophosphazene), compound I
Hexachlorocyclotriphosphazene
Phosphorus pentachloride (50.0 g) was dissolved in chlorobenzene
(250.0 ml) by slight heating. To this solution was added dry
ammonium chloride (50.0 g), the reaction mixture was refluxed for
20 h. Outlet was connected to a trap containing 10% sodium
hydroxide in order to neutralize the liberated hydrochloric acid. The
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reaction mixture was allowed to cool to room temperature, filtered
through glass wool to remove unreacted ammonium chloride and
the solvent removed under reduced pressure to get the viscous oily
residue. The residue was dissolved in pet. ether (60‐80°C) (3 × 50.0
ml) to obtain the trimer and tetramer, concentrated (∼50.0 ml) and
extracted with concentrated sulphuric acid (3 × 15.0 ml) to get the
cyclic trimer in acid layer. Sulphuric acid layer was diluted with
water (∼60%), the precipitated trimer extracted with pet. ether (60‐
80°C) (3 × 50.0 ml), refluxed with decolorizing carbon for 20 min,
filtered, concentrated and kept overnight for crystallization. The
monoclinic crystals so obtained were filtered, recrystallized from
pet. ether (60‐80°C) to get the pure trimer, (Yield: 7.6 g, 27.3%), m.p.
111‐112 °C (Lit.14112oC).
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The glass ampoule was cleaned with chromic acid for 1 day, washed
with distilled water and dried in an oven at 110‐120°C.
Hexachlorocyclotriphosphazene so obtained (10.0 g) was taken in a
cleaned, dried ampoule, evacuated and sealed under inert
atmosphere. The ampoule was heated in a muffle furnace at 250 ±
10°C for 7 h. Thermal polymerization of the trimer gave transparent
material, it was broken in the dry box, contents were carefully
transferred to the sublimation apparatus in an inert atmosphere,
sublimed at 80‐90°C under vacuum to remove the unpolymerised
trimer and pure poly(dichlorophosphazene) left behind was taken in
the vial.
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N, Nbis(2chloroethyl)aniline, compound II
N, Nbis(2hydroxyethyl)aniline
A mixture of aniline (4.5 ml, 48.6 mmol) and 2‐chloroethanol (14.3
ml, 196 mmol) was added to a suspension of calcium carbonate
(10.0 g in 250.0 ml of water). The cloudy mixture was refluxed for
24 h with stirring and additional 2‐chloroethanol and calcium
carbonate were added in two equivalent portions over the following
48 h. The reaction mixture was cooled, pH adjusted to pH 7 with
sodium hydroxide solution (10%) and extracted with ethyl acetate
(4 x 200.0 ml). The combined organic layer was dried and solvent
removed under reduced pressure to get product bp 175‐180 0 C
(Lit.1800C).15
N, Nbis(2chloroethyl) aniline, compound II
N, N‐Bis‐(2‐hydroxyethyl)aniline (2.7 ml, 14.9 mmol) in phosphorus
oxychloride (9.0 ml) was refluxed for 40 min and hot reaction
mixture was poured with stirring into crushed ice. The reaction
mixture was extracted with ethyl acetate (4 x 100.0 ml)and washed
with 10% sodium bicarbonate solution (3 x 200.0 ml).The combined
organic layer was dried, filtered and solvent removed under reduced
pressure to get the product; (2.28 g, 70.0%), mp 40‐44oC (lit. 45°C)
15.
4(4hydroxyphenylazo)N,
compound III

Nbis(2chloroethyl)

aniline,

Sodium nitrite solution (0.5 g in 2.0 ml water) was added with
stirring at 5oC to the solution of 4‐aminophenol (1.0 g, 8.1 mmol) in
dilute sulphuric acid (10% v/v, 10.0 ml) kept at 5oC. To this was
added solution of N,N‐bis‐(2‐chloroethyl)aniline (2.2 g) in dilute
sulphuric acid (10% v/v, 10.0 ml), the reaction mixture was stirred
for 15 min at 0‐5oC and basified with 10% sodium hydroxide. The
precipitated material was filtered and dried to get the product; (1.6
g, 52.0%), mp 175‐177oC.16
Poly[bis(4(1phenylazo)N,Nbis(2
chloroethyl)aniline)phenoxy]phosphazene, compound IV
Poly (dichlorophosphazene) (2.0 g, 17.0 mmol) was dissolved in dry
tetrahydrofuran (50.0 ml) to yield clear viscous solution. A solution
of Compound III (3.1 g, 34.0 mmol) in dry THF (50.0 ml) was added
to it, followed by K2CO3 (2.0 g). The solution was refluxed for 90 h
and filtered to remove KCl salts. The filtrate was concentrated under
reduced pressure and purified by precipitation with petroleum
ether (60‐80°C) to obtain the compound IV, (1.5g, 76.0 %).17
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Fig. 2: Synthesis of Polyphosphazene BCA conjugates
In vitro drug release
Preparation of rat SI and caecal contents solution
SI and caecal contents were removed from wistar rats, suspended in
cold PBS, pH 7.4. After homogenization and centrifugation of the
suspension of SI contents, the supernatant was stored in refrigerator
and used as SI contents. The suspension of caecal contents was
bubbled with nitrogen and stored at ‐20oC.18
Preparation of rat SI and LI mucosa solutions
After washing the SI and LI with a cold saline solutions, the mucosa
of SI and LI were scraped gently from the lumen of intestines using
glass slides. The scraped mucosa was dispersed in cold PBS, pH 7.0,
and homogenized using a blender. The final concentrations of the
mucosa were 2% (w/v) after adjustment. All of mucosa suspensions
were stored at ‐20oC.18
Release of nitrogen mustard from Polyphosphazene copolymer
conjugates in rat caecal contents
The release of nitrogen mustard from polyphosphazene copolymer
conjugates in rat caecal contents were investigated using UV
method. The polyphosphazene nitrogen mustard copolymer
conjugate was added to rat caecal content suspension under a
nitrogen atmosphere. The final concentration of cecal contents was
adjusted at 2% (w/v). Under anaerobic conditions, the mixture was
incubated at 37oC and 0.5 ml samples were withdrawn at each
scheduled time interval for 24 h study. All the samples were analysis
by UV spectrophotometer at λmax 351 nm.
Stability of PolyphosphazeneNitrogen Mustard conjugates in SI
contents, SI and LI mucosa solution and PBS buffer
To study the stability of Polyphosphazene‐Nitrogen Mustard
conjugates the polymer was incubated with the supernatant of SI
contents, a 2% (w/v) SI mucosa suspension, a 2% (w/v) LI mucosa
suspension, PBS buffer pH 1.5 and Cecal content (under anaerobic
condition) at 37oC for 24 h. After incubation, 0.5 ml samples were
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withdrawn from each incubation solution and analysis by UV
spectrophotometer at specific wavelength.
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The synthesis of BCA‐containing monomer (compound‐IV) is
shown in Fig. 2. N,N‐bis‐(2‐chloroethyl) aniline (Compound II)
was synthesized by reaction of aniline and 2‐chloroethanol
which further reacted with diazonium chloride of 4‐amino
benzyl alcohol by coupling reaction in presence of nitrous acid to
formed 4‐(4‐hydroxyphenylazo)‐N,N‐bis‐(2‐chloroethyl)aniline
(compound III). The amino group of compound III reacted with
polymer Polyphosphazene (compound I) to yield BCA‐containing
monomer (compound IV). The synthesized compounds were
characterized by NMR. The assignment for compound IV is
displayed in Table‐1.
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Table 1: NMR assignment for the BCA containing monomer
H
3.87, t, 2H
3.48, t, 2H
(N)
3.48, t, 2H
3.87, t, 2H

Atom no.
1
2
3
4
5
6
7
8
9
10
11
12
13
14

Atom no.
15
16
17
18
19
20
21
22
23
24
25
26
27
28

1

7.05, d, 1H
7.55, d, 1H
7.55, d, 1H
7.05, d, 1H
(=N)
(N=)

1H
7.77, d, 1H
7.36, d, 1H

Atom no.
29
30
31
32
33
34
35
36
37
38
39
40
41

7.36, d, 1H
7.77, d, 1H
(O)
(=P)
(O)
7.36, d, 1H
7.77, d, 1H
7.77, d, 1H
7.36, d, 1H

1H
(N=)
(=N)

7.55, d, 1H
7.05, d, 1H
7.05, d, 1H
7.55, d, 1H
(N)
3.48, t, 2H
3.87, t, 2H
3.48, t, 2H
3.87, t, 2H

Polyphosphazene BCA conjugates containing an aromatic azo bond were prepared by radical copolymerization of Polyphosphazene with BCA in
THF using triethylamine (TEA).
In vitro BCA releases from Polyphosphazene copolymer conjugate
This experiment was designed to demonstrate that free drug was
released efficiently in artificial conditions from Polyphosphazene
copolymer BCA conjugate containing an aromatic azo bond. The
drug release process from the conjugate is demonstrated in Fig. 3.
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The cleavage of aromatic azo bond by azoreductase activities is the
rate determining step. The study is done by using solution
containing rat caecal contents with phosphate buffer in a nitrogen
atmosphere to activate the bacterial enzyme. Drug release study
initial carried out in 0.1 N HCl for 2 h followed by addition of 0.2 M
trisodium orthophosphate, in order to obtain a final pH of 6.8 in the
medium. The pH was adjusted with aid of 2 N HCl and 2 N NaOH.
Samples were withdrawn at predetermined time intervals and
replaced with fresh media. They were the analyzed using UV‐
spectrophotomer at λmax 351 nm. After 5 h nitrogen was introduced
into the medium in order to maintain conditions, at a rate which
prevents the generation of turbulence in the dissolution medium. At
the fifth hour fresh rat cecal contents (2% w/v) was also introduced
into the dissolution medium. The samples are withdrawn at regular
time interval for 24 h and analyzed with the aid of validated UV‐
spectrophotometer (λmax 351 nm) (Fig. 4).19‐21

with RC contents
N

C H 2C H 2C l

C H 2C H 2C l

100
n

c le a v e d b y
a z o r e d u c t a s e in la r g e
in t e s t in e
(r a t e d e te r m in in g s t e p )

C H 2C H 2C l
H 2N

N

C H 2C H 2C l

Fig. 3: Scheme of release of 4aminoBCA from Polyphosphazene
BCA copolymer conjugates by rate controlling aromatic azo bond
cleavage
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Fig. 4: Release of 4aminoBCA from copolymerBCA conjugates
with or without rat caecal contents at 37oC.
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Stability of conjugate in SI contents, SI mucosa, LI mucosa
suspension and PBS buffer
Polyphoshazene copolymer BCA conjugate was incubated with SI
content, SI mucosa, LI mucosa, PBS pH ‐1.5 and PBS pH‐7.4

respectively at 37°C for 24 h in a shaking water bath. The
experimental conditions were selected to stimulate the GI tract to
predict the behavior of conjugate during oral drug delivery. The
release of 4‐amino‐ BCA from the conjugate is summarized in Fig.
5.

100.00

% Released

80.00
60.00
40.00
20.00
0.00
Cecal

LI mucosa SI mucosa

SI

pH 1.5

pH 7.4

Fig. 5: Twelve hour cumulative release of 4AminoBCA from Polyphosphazene BCA conjugates during incubation with rat caecum
contents, LI mucosa, SI contents, and PBS buffer, pH1.5, pH7.4 at 37oC.

No drug release was observed in PBS at pH 1.5 and 7.4 after 24 h of
incubation, less than 4% drug release was detected after 24 h
incubation with rat SI contents or SI mucosa and less than 6% drug
release was measured after 24 h incubation with homogenized LI
mucosa. Acidic PBS buffer, rat small intestine contents and small
intestine mucosa solutions were used to simulate upper GI tract
conditions, where rat cecum contents and large intestine mucosa
solutions were used to simulate conditions in the colon. These
experiments suggested that the Polyphosphazene copolymer‐ BCA
conjugate containing an aromatic azo bond was stable in simulated
upper GI tract conditions.
DISCUSSION
Polyphosphazene‐BCA conjugate for the colon specific delivery of 4‐
amino‐BCA were synthesized and evaluated in vitro studies. In these
conjugate BCA was bound to polymer backbone with aromatic azo
bond. Aromatic azo bonds were frequently used in the design of
colon specific drug delivery systems. The bonds are cleavable by
azoreductase activities present only in the colon. The reduction of
azo bonds results in the formation of two amino groups. Various
drug delivery based on azo groups in the main chain,22 side chains7,8
or in the cross links.23‐25 The use of water‐soluble co‐polymers
containing 5‐amino salicylic acid (5‐ASA) bound via an aromatic azo
bond in side chains has been proposed by Brown et al. 26 such a
design avoids drug absorption from SI with a concomitant decrease
of side effects. The reduction of azo bond in this polymer conjugate
released the 4‐amino‐BCA.
Here, we reported the design and synthesis of Polyphosphazene co‐
polymer BCA conjugate, which are cleaved specifically in colon and
produce 4‐amino‐BCA. The rate of azoreductase depends on the
charge density of the azo region. A high electron density within the
azo region is caused the decrease of reduction of the azo bond to
form aromatic amines via the hydro intermediates.27 Due to absence
of peptide bond, this conjugate was not susceptible to attack by
digestive enzymes in stomach and SI and demonstrated stability in
acidic phosphate, SI mucosa and SI contents (Fig. 5). It can be
predicted that after oral administration, the conjugate will stay
intact in upper GI tract. When the conjugate reaches the large
intestine, its indigenous micro‐flora degrades the azo bond and
released 4‐amino‐BCA, remnants of linker group. Using this novel
approach, Colon tumor cell may be effectively killed by high local
drug concentration obtained by colon specific drug release.

CONCLUSION
Polyphosphazene copolymers 4‐amino‐BCA conjugates containing
an aromatic azo bond were designed and synthesized. The
combination of colon specific aromatic azo bond cleavage resulted in
a highly efficiently release of 4‐amino‐BCA from conjugate by caecal
contents in vitro. The conjugates were also determined to be stable
in simulated upper GI tract conditions. These Polyphosphazene
copolymer BCA conjugate have the potential to enhance the
therapeutic efficacy of 4‐amino‐BCA against colon cancer and to
reduce side effects due to local drug release.
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