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Abstract

In this work a series of new types of biodegradable and pH-sensitive polyurethane
containing azo derivatives of Benzocaine were synthesized by the condensation polymerization
of 1,6-hexamethylene diisocyanate at the temperature 80 °C with the azo monomers . The
monomers synthesized from the reaction of (1-naphthole M1, 4-bromophenol M2, phenol M3 ,
and p-hydroxy acetophenone M4 ):
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With acetone in presence of HCI as catalyst by refluxing for 6 hrs at 60°C.The azo
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monomers were synthesized from the reaction of monomers : (M1 ,M2 M3 M4 ) with
Benzocaine in presence of HCl , NaNO2 and NaOH 10% by stirring for one hour in ice bath at
(0-5°C).
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polyurethane azo were synthesized from the reaction between the azo monomers with
1,6- hexamethylene diisocyanate in oil bath by refluxing for 8 hours at 80 oC in dry nitrogene.
U.V-Visible , FT-IR , HINMR techniques were used to confirm the chemical structure of the
synthesized Polyurethane azo.

A calibration curve between absorbance and concentration was constructed to stock
solution of pure drug. the concentration of Benzocaine release was calculated by extrapolation
of the result on the calibration curve every 24 hrs. the detection limit for Benzocaine was
minimum used 0.001 gm/mol wavelength at 293 nm.

Benzocaine was loaded into the polymeric matrix during in situ polymerization . the
drug release from the Benzocaine loaded was studied in two medias ( pH=7.8, pH=4 ) at body
temperature(37°C). also the total amount of released Benzocaine was measured at room
temperature and pH=4,pH=7.8 .
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1- INTRODUCTION

One of the most important
methods to increase the therapeutic effects
and decrease the side effects of drug is by
controlled drug release . Therefore, it has
attracted great interest in recent years and
application of polymers has been also
extended in this field [1].Polymers are the
most important and dominant
biomaterials, because they can be
designed and prepared in a wide range of
compositions and properties, from hard
and hydrophobic systems to highly
hydrophilic and soft biomaterials when
they are in contact with the physiological
fluids [2]. Polymers may be used as
carriers for pharmaceutical agents [3].
Therefore, the drug is released in certain
parts of the body in a required dose and
desirable specific rate which itself consists
of various techniques [4].

Synthetic  polymers wused in
biomedical applications are making a
significant contribution to the progress
currently being achieved in health care
and in this regard the combination of
pharmacologically active compounds with
polymers via chemical reactions has been
attracting an increasing degree of attention
during recent years. The major objectives
in such studies are aimed at prolonging
the duration of drug activity by controlling
the release of drug . Bioactive agents have

also been chemically bonded to preformed
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synthetic or naturally occurring polymers
by allowing them, or one of their
derivatives, to react with the polymers,
functional groups [5].An alternative to
direct drug-polymer linkage is the
incorporation of a spacer group between
the drug and polymer chain. The use of
suitable spacer arms can increase the
mobility of drug on the polymer chain and
enhance the sensitivity of conjugates to
undergo chemical or enzymatic hydrolysis
[6].

The facility with which the drug
can be converted to polymerizable
derivatives depends to a large extent on
their functionality . The value of the
hydrolysis rate constant depends, on the
strength and chemical nature of the agent-
polymer chemical bonds, the polymer
structure and the surrounding condition
[7].The design of the Polyurethane
controlled-release forms for therapeutic
drug administration is the subject of
intense interest. Such systems are being
used for sustained and controlled delivery
of various pharmaceutical agents such as
prednisolon, morphine, caffeine
,prostaglandin and theophylline

Urethane-based polymers were
prepared based on the reaction of
diisocyanates with azo monomers to

deliver drug.[8] .
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Colon is known to be a reductive
medium in which azo groups are reduced
to the corresponding amines[9-12]. It has
been shown that polymeric  azo
compounds could be used for colon
targeting since reduction and subsequent
splitting of the azo bond occurs only in
the large intestine, and therefore they are
highly site-specific  [13-15].

In this research, the synthesis of a

pH-sensitive polymer network consisting

EXPERIMENTAL
2.1 Materials

Benzocaine (Sigma Aldrich) , 3-
(FLUKA) , Phenol
(CARLO ERBA) , 1-Naphthole
(GRIFFIN) , ,N-dimethyl formamide

bromophenol

(DMF) , Para acetophenone , acetone
(BDH) , Hydrochloric acid (BDH) ,
Sodium hydroxide (BDH) , Sodium
nitrite (SIGMA-ALDRICH) , Methanol
(BDH) , buffer solution with pH=4 and
pH=7.8 .

2.2 Instruments

Infra-red spectra  were

taken on a shimadzu Japan
spectrophotometer (model) using

KBr pellet. 1H NMR spectra were
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of polyurethane azo(PU AZO) is
described. Complex-forming constituents
of the polymer were covalently linked to
each other and to the drug-linked
monomer, and drug release properties of
the polyurethane azo were studied in
simulated gastric fluid (SGF, pH 4) and
simulated intestinal fluid (SIF, pH 7.8) are

used without purification .

recorded on a Brker, Ultra, Shiel
300 MHz
using DMSO as solvent. Ultra-

spectrophotometer

violet spectra were taken on a
1650 PC

spectrophotometer.

shimadzu
pH meter,
Hanna, Romania, Fume Hood , K
& K Scientific suppler , Korea .
measuring the degree of fusion
(Melting Point) smp30 . Vacuum
drying Oven , K-vo27 scientific
suppler Korea water still
Labtech , Korea . Oven ,Trivp
International Crop . Italy . Hot
plate stir, Bibby Strlintd. UK

.water still , Labtech , Korea .
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2.3 Monomer Synthesis
2.3.1 synthesis of 2,2'-(propane-

2,2-diyl)bis(4-bromophenol)
(M1):

A mixture of 4-bromo phenol
(94g , 5.4mmol) , acetone (12.75g ,
2.1lmmol) and HCI catalyst (37.5 g ,
10mmol) were placed in a three necked-

round bottom flask equipped with a

condenser , mechanical stirrer and
thermometer and it was kept in a
thermostat bath at 600C for 6 hr. After a
definite period of time , the reaction
mixture was transferred to cold water to
quench the reaction at the given time .
then , the product was washed ,A dried
and weighted [16]. to give (45%) of

dark brown crystals , m.p= (98-103°C).
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Scheme 2.1 Structure of M1

The other monomer was prepared

by the same procedure as above using

I-naphthole , phenol , para- hydroxyl

acetophenone

Table2.1 represents the color, yield and melting point for preparing of monomers

Scheme 2.2 Structure of M2

NO || Monomer Substance Color | Yield% | M.P/c
1 PBN1 Acetone 12.75g 1-naph. 94¢g Black 75 119
(21.mmol) (65 mmol)
2 PDDP Acetone 12.75¢g Ph. 94¢ Orange 79 112
(21 mmol) (21 mmol)
3 ETTP P-HAP 94g Acetone Brown 65 112
(69mmol) 12.75¢
(21mmol)
. CH;
HCx O Llr aF ‘
| HD L (K
CHa ‘
)

Scheme 23 Structure of M3

Scheme 2.4 Structure of M4
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2.4 Azo Monomer synthesis

2.4.1 synthesis of p-[3-bromo-6-
hydroxy phenyl azo]ethyl-p-amino
benzoate (AZO1):

In 500 mL conical flask,
Benzocaine (1.53 g, 10 mmol) was
dissolved in a mixture of concentrated
hydrochloric acid (10 mL), water (25
mL) and ice (25 g). The solution was
cooled with stirring in an ice bath to 0°C
until it become clear, then a solution of
sodium nitrite (3.45 g, 50 mmol) in
water (7.5 mL) was added dropwise

during 10 min, and the reaction mixture

was further stirred for 20 min in an ice
bath at 0-5 °C. The solution was added
dropwise to monomers that shown in
table 2.1 (1.38 g, 10 mmol), in 10%
sodium hydroxide solution (25 mL)
with stirring in an ice bath for a further
1 h. The produced monomers was
precipitated. The product was collected
by filtration and washed with water and
dried under vacuum at room
temperature  overnight[17] to give

(91%) of red to crystals , m.p= (137
°C).

LH OH
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Scheme 2.5 Structure of AZOI

The other compounds were prepared by the same procedure as above using AZO

(2-4) are shown in Table (2.2) .

Table 2.2 : synthesis and details data of prepared azo monomers:

NO. Monomer Colore Yield%
1 AZO?2 Black 93
2 AZO3 High orange 41
3 AZO 4 High brown 48
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Scheme 2.6 structure of AZO2
2.5 Synthesis of Azo-polyurethane:
2.5.1 synthesis of azo polyurethane
from (AZO1)(PU AZO1):

In a three-neck round-bottom
flask, a solution of the above
monomers azo (3.01 g, 10 mmol), in N
,N- dimethylformamide (DMF, 30 mL)
was added dropwise to a solution of 1,6-
hexamethylenediisocyanate (HDI, 1.68

g , 10 mmol), in dry DMF (20 mL),

Scheme 2.7 structure of AZO3

Scheme 2.8 structure of AZO4
under a dry nitrogen atmosphere at
room temperature. Then the reaction
mixture was stirred at 80 °C for 8 h. The
solution was poured into cold methanol
to precipitate the polymer. The solid
product was collected by filtration,
washed with methanol , and dried under

vacuum at room temperature [17] ,

yielded 75% Black crystals.
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Scheme2.9 Structure of PUAZOI

The other compounds were prepared by the same procedure as above using AZO

(2-4) are shown in table (2.3) .

Table 2.3 : synthesis and details data of prepared azo polyurethane:

Scheme2.10 Structure of PU2
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NO. Polymer Color Yield%
1 PU2 Black 92
2 PU3 High brown 89
3 PU4 Black 88
a C Ci D i
Chy ' P —{EHe—N—L—
T" SR EENN EA AT
”Oc
O~ rHocH, R TS

Scheme2.11 Structure of PU AZ(B
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Scheme2.12 Structure of PU AZ(O4

2.6 UV-visible spectrophotometric
analysis
The polyurethane azo solutions
were prepared by dissolving in
(10ml) DMF as solvent .U.V-Vis
spectral absorption bands were
obtained wusing Shimadzu, Japan
UV—vis spectrometer at room
2.7 preparation of calibration curve

A standard curve for
Benzocaine was constructed In the
range of (0.001 to 0.04) gL' . the
solution were prepared by stock
solution using deionized water as a

solvent. The absorbance of the resulting

temperature using DMF as solvent
in quartz photochemical cell (1cm)
length bath .

of

polymer was introduced in to the

A known concentration
cell and The absorption spectra were

recorded between 200-700 nm [18] .

solution was measured at A max 293 nm
using distilled water as a blank . The
standard curve was plotted in the range
of (0.001-0.04)g.L" ,and the regression
analysis shows the liner relationship
the

between concentration of the

Benzocaine and the absorbance [19].

Figure 2.1 UV spectra of Benzocaine

2.8 Preparation of Phosphate Buffer (PB)
Solution

Phosphate buffer solution (PB)

was prepared as previously described as

116

following : a pH 7.8 buffer solution was

prepared by dissolving  sodium

(21.7 g and

phosphate  dibasic
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potassium phosphate monobasic (2.6 g)

and the pH was adjusted to 7.8
using 0.1 N sodium hydroxide. A pH
4.0 buffer solution was prepared by
dissolving sodium phosphate dibasic
(21.7 g) and potassium phosphate
monobasic (2.6 g) in deionized water (1

)[17].

2.9 Drug (Benzocaine) release

2.10 Determination of the Total
Benzocaine Content

A sample of polymers (10 ppm)
was suspended in PB (30 mL, pH 7.8
and pH 4). The mixture was heated at

RESULT AND DISCUSSION :
3.1 Synthesis of Monomers :
3.1.1 Synthesis and Characterization
of (M1):

The (M1) was synthesized from
the reaction of 4-bromophenol with
acetone in presence of HCI as catalyst

by condensation for 6 hrs at 60°C.

in  deionized water (1 L)

The release of Benzocaine was
followed as a function of time using a
UV spectrophotometer at A max=293nm
. the procedure was used as follow:
polymer (10mg) was placed in aqueous
buffer solution of pH= 7.8 and pH=4 at
37 °C (50 mL) . At specific intervals ,
aliquots of the buffer (3 mL) were
collected for analysis each 5 hrs. for

45hrs [17]

60 °C, and the amount of Benzocaine
released was determined using UV
spectrophotometry at A max = 293 nm

[17]

this reaction was shown in
Scheme (3.1). The FTIR spectra of
(M1) shows the absorption band of
C=C Aromatic at 1590cm-1, C-H
Aromatic at 3150 cm-1, OH phenolic at
3300 cm-1, C-H alkane at 2900 cm-1,
and C-Br at 660 cm-1 [20].

(=13

(]

Awcetone

[= 2} [= 2}

Scheme 3.1 synthesis of M1

3.1.2 Synthesis and Characterization
of (M2)

The (M2) was synthesized from
the reaction of 1-Naphthole  with

117

acetone in presence of HCI as catalyst
by condensation for 6 hrs at 60°C. this
reaction was shown in Scheme (3.2).

The FTIR spectra of (M2) shows the
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absorption band of C=C Aromatic at
1550cm-1, C-H Aromatic at 3100 cm-1

, OH phenolic at 3300 cm-1 , and C-H
alkane at 2900 cm-1 [20] .

Acetonie

’ S _,:

Scheme 3.2 synthesis of M2

3.1.3 Synthesis and Characterization
of (M3):

The (M3) was synthesized from
the reaction of phenol with acetone in
of HCIl as
condensation for 6 hrs at 60°C. this

presence catalyst by

reaction was shown in Scheme (3.3).
The FTIR spectra of (M3) shows the
absorption band of C=C Aromatic at
1596cm™, C-H Aromatic at 3178 cm™,
OH phenolic at 3255 cm™ and C-H

alkane at 2970 cm™ [20].

i

._"' © u,-\.—ll.l—l.u_

Acetone

Scheme 3.3 synthesis of M3

3.1.4 Synthesis and Characterization
of (M4):

The (M4) was synthesized from
reaction of p-hydroxy acetophenon with
phenol in presence of HCI as catalyst by

condensation for 6 hrs at 60°C. the

reaction was shown in Scheme (3.4) .
The FTIR spectra of (M4) shows the
absorption band of C=C Aromatic at
1573 cm'l, OH phenolic at 3309 cm’! s
C=C alkene at 1666 cm'l, and C=C-H

alkene at 2993, 2800 cm™' [20].

~
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Scheme 3.4 synthesis of M4
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Figure 3.1 FTIR spectra of(M1)
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Figure 3.4 FTIR spectra of(M4)

3.2 Syntheses and Characterization of
Azo monomers
3.2.1 Synthesis and Characterization

of  p-[3-bromo-6-hydroxy phenyl
azo|ethyl-p-amino benzoate (AZO1):
The p-[3-bromo-6-hydroxy
phenyl azo]ethyl-p-amino benzoat were
prepared by the coupling of AZO1 with
the diazonium salt of Benzocaine, for 1
hr. at (0-5°C) in ice bath .This reaction
was shown in scheme (3.5) . The FTIR

3.2.2 Synthesis and Characterization
of ethyl4-((5-hydroxy-8-(2-(4-hydroxy
naphthalen-1 -yl) propan-2-yl)
naphthalen-4-yl)diazenyl)benzoate
(AZO2):

The ethyl4-((5-hydroxy-8-(2-(4-
hydroxy naphthalen-1 -yl) propan-2-yl)
naphthalen-4-yl)diazenyl)benzoate were

prepared by the coupling of AZO2 with

the diazonium salt of Benzocaine, for 1

3.2.3 Synthesis and Characterization
of p-[2-hydroxy-5-prppanyl-4-
hydroxy phenyl

aminobenzoat (AZO3):

azo|ethyl-p-

The p-[2-hydroxy-5-prppanyl-4-
hydroxy phenyl azo]ethyl-p-
aminobenzoat were prepared by the
coupling of AZO3 with the diazonium

salt of Benzocaine , for 1 hr. at (0-5°C)

120

Spectrum of AZO2 show the following
peaks :

3402 cm' (-OH phenolic stretching
vibration) ; str. 3070, 3155 cm™ (C-H
vibration ) ; 1697 cm™ (ester group
C=0) ; 1488 , 1542 cm™ (azo group
N=N) ; 1365, 1388 cm™ (C-O-C phenol)
; 516 cm™ (C-Br) and 1589 cm™ (C=C
phenol) [21].

hr. at (0-5°C) in ice bath .This reaction
was shown in scheme (3.5) . The FTIR
Spectrum of AZO2 show the following
peaks :

3379 ¢cm' (-OH phenolic stretching
vibration) ; str. 2970, 2927 cm™ (C-H
vibration) ; 1712 cm™ (ester group
C=0) ; 1427 , 1473 cm (azo group
N=N) ;; 1373 cm™ (C-N) and 1666 cm"
(C=C phenol) .

in ice bath .This reaction was shown in
scheme (3.5) . The FTIR Spectrum of
AZO6 show the following peaks :

3394 ¢cm” (-OH phenolic stretching
vibration) ; str. 2970,2931, cm™” (C-H
vibration) ; 1743 cm™ (ester group
C=0) ; 1427 , 1465 cm’ (azo group
N=N);; 1365 cm™ (C-N) and 1650 cm
'(C=C phenol) .
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3.2.4 Synthesis and Characterization

of 1-(4-((5-(1,1-bis(4-hydroxy phenyl)

ethyl) -2-

hydroxyphenyl)diazenyl)phenyl)prop

an-1-one (AZ0O4):

The 1-(4-((5-(1,1-bis(4-hydroxy
ethyl)

diazenyl) phenyl) propan -1-one were

phenyl) -2-hydroxy phenyl)

prepared by the coupling of AZO4 with

the diazonium salt of Benzocaine , for 1

hr. at (0-5°C) in ice bath .This reaction
was shown in scheme (3.5). The FTIR
Spectrum of AZO4 show the following

peaks :
3332 cm” (-OH phenolic stretching
vibration) ;  str. 2985 cm’ (C-H

vibration) ; 1712 cm™ (ester group
C=0) ; 1427 , 1488 cm (azo group
N=N) ; 1365 cm™ (C-N) and 1604 cm™
(C=C phenol) .

G
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Scheme 3.5 synthesis ot AZO (1-4)

3.3 Syntheses and Characterization of

Azo polyurethane

3.3.1 Synthesis and Characterization

of (PU1):
Biodegradable

(PU  AZOl)

azo-containing
polyurethanes were
prepared by polycondensation of HDI
with AZO1 at 80 °C for 8 hrs. under a

dry nitrogen atmosphere .This reaction

121

was shown in scheme (3.6) . H'NMR
(400 MHz, DMSO) 5 1.33-
1.38(m,3H,CH3) ; 8 2.50 (s,1H, DMSO)
; 0 2.89 (m,3H,CH,-NH>) ; 6 3.31 (s,1H,
H,0) ; 6 4.33 (s,1H,0CH,-OH) ; § 7.31
(s ,1H, pH-O) ; & 8.11 (s,1H, N-H) [22]
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. The FTIR Spectrum of (PU AZOI)
3325 cm’ (-OH phenolic stretching
vibration) ;3580 (N-H stretching
vibration) ; str. 2931, 2854 cm™ (C-H
vibration of polymer backbone) ; 1712
cm’ (ester group C=0) ; 1481 ,1566

3.3.2 Synthesis and Characterization
of (PU2):
Biodegradable
(PU  AZO2) were
prepared by polycondensation of HDI
with AZO2 at 80 °C for 8 hrs. under a

azo-containing

polyurethanes

dry nitrogen atmosphere .This reaction
was shown in scheme (3.6) . H'NMR
(400MHz,DMSO):  81.37(m,3H,CHj3)
61.68(s,1H,CH,CH3) ; & 2.5 (s,1H,
DMSO) ; 6 2.93 (d,2H, OCH,) ; & 3.32
(s,1H,H,0) ; 6 4.33 (s, H, CH,-0) ; &

3.3.3 Synthesis and Characterization
of (PU3):

Biodegradable azo-containing
polyurethanes (PU AZO3); were
prepared by polycondensation of HDI
with AZO3, at 80 °C for 8 hrs. under a
dry nitrogen atmosphere .This reaction
was shown in scheme (3.6) . H'NMR
(400 MHz, DMSO) : 51.61 (m,4H,
CH;); & 2.5 (s,lH, DMSO) ; 39
2.95(s,1H,OCH2-NH) ; )
3.32(s,1H,H,0) ; 6 4.36 (s,1H,OCHa) ;

122

shows the following peaks :

cm™ (azo group N=N) ; 1334, 1380 cm™'
(C-N) and 1666 cm™ (C=C phenol) ;
2252 ecm™ isocyanides and 632 (C-Br

vibration).

7.74- 7.75 (m, 3H, phenyl) ; & 8.62
(s,JH, N-H ). The FTIR Spectrum of
(PU AZO2) shows the following peaks :
3332 cm” (-OH phenolic stretching
vibration) ;3550 (N-H stretching
vibration) ; str. 2931, 2854 cm™ (C-H
vibration of polymer backbone) ; 1712
ecm™ (ester group C=0) ; 1458 , 1473
cm” (azo group N=N) ; 1373 cm™ (C-
N) and 1666 cm™ (C=C phenol) ; 2229

1. .
cm’ isocyanides

0 6.95-7.34 (s,2H,phO-C=0) ; 6 7.84-
7.87 (m,3H, O-Ph) and 6 9.11(s,1H,NH)
. The FTIR Spectrum of (PU AZO3)
shows the following peaks :

3325 cm’ (-OH phenolic stretching
vibration) ;3533 (N-H stretching
vibration) ; str. 2931, 2854 cm™ (C-H
vibration of polymer backbone) ; 1704
cm™ (ester group C=0) ; 1458 , 1496
cm™ (azo group N=N) ; 1342, 1365 cm™
(C-N) and 1573 cm’ (C=C
phenol);2268cm ' isocyanides.
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3.3.4 Synthesis and Characterization following peaks: 3332 cm’ (-OH
of (PU4): phenolic stretching vibration) ;3550 (N-

Biodegradable  azo-containing H stretching vibration) ;  str. 2931,
polyurethanes (PU AZO4); were 2854 cm’ (C-H vibration of polymer

prepared by polycondensation of HDI
with AZO4, at 80 °C for 8 hrs. under a
dry nitrogen atmosphere .This reaction
was shown in scheme (3.6). The FTIR
Spectrum of (PU AZO4) show the

backbone); 1720 cm™ (ester group C=0)
; 1458, 1481 cm™ (azo group N=N) ;
1404 cm™ (C-N) and 1620 cm™ (C=C
phenol) and 2534 cm™ isocyanides
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Scheme 3.6 synthesis of polyurethane AZO(1-4)

123




Al-Qadigiyha Journal For Science Vo0l.20 No. 3

Vear 2015

ﬁ_l.-' e . Camo
i. -j _,-; i -'-
-
I N ol B
Figure 3.5 HINMR spectra of PU1
"""'"‘_'a"'--rr-ﬂql' . '.:1‘1:-#‘ = P ‘-
b s - | i F
S g L W e
:I:I -, = Py
. o T kA e
Figure 3.6 HINMR spectra of PU2
_._":\".1- v ".1. |I\I r;. l".l’."'_
gt o s &
:
raraz 3 L = I1 2 }l":" = ;;,.... .-
> T L W § R T

Figure 3.7 HINMR spectra of PU3
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3.4 The spectra of synthesized
Polyurethane azo:
3.4.1 The Ultraviolet spectra of
(PUAZOL1) as in figure (3. 4), shows the
following peaks :
1) m—n at499 mp to carbonyl
group , phenyl ring and amine.
2) n>n at335mp toazo

compound [18].

3.4.2 The Ultraviolet spectra of (PU
AZQO2) as in figure (3.5) , shows the
following peaks :
1) n—n at251 mp to carbonyl
group , phenyl ring .
2) n—n at491 mp  to azo

compound [18].

3.4.3 The Ultraviolet spectra of (PU
AZQ0O3), as in figure (3.6) , shows the
following peaks :

1)n—n at 363 mp  to carbonyl group

2)n—7 at42l mp  to charge transfer

on aromatic ring [18] .

3.4.4 The Ultraviolet spectra of (PU
AZ04), as in figure (3.7) , shows the
following peaks :
1) non at 480 mp to carbonyl
group .
2) m—n at251 mp  to azo

compound [18].
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3.5 Drug release
3.5.1 Method of analysis (Benzocaine)

Accuracy and precision for the
method of analysis is very important in
drug related studies. Therefore, initially
UV-visible method for the analysis of
(Benzocaine) was developed, to analyze
these components in drug release
medium.

Benzocaine supplied as white to
pale yellow crystalline powder.
Benzocaine is sparingly soluble in
water; it is more soluble in dilute acids
and very soluble in
ethanol, chloroformand ethyl ether. The
melting point of benzocaine is 88-
90 °C [23]. Since the solubility of basic
compounds in water is pH dependent,
this property was determined at pH 7.4.
At this pH, BZC has its lowest
solubility because the undissociated
molecular compound is predominant [
24].

Benzocaine (BZC) wused as
topical drug on the skin and mucous
membranes. These applications are
based on its physicochemical properties,
especially its aqueous solubility and

partition coefficient, that is, this

compound has low aqueous solubility
and a high octanol /water partition
coefficient; that is,BZC is a lipophilic
drug [25].

Most local anesthetics structures
have amino-ester or an amino-amide
group which are linked to hydrophilic
(secondary or tertiary amine) and to
hydrophobic group (aromatics) on the
other sid. The ester can be hydrolysed in
plasma by the enzyme
pseudocholinesterase into para-
aminobenzoic acid. Amide is stable for
longer acting and more systemic
distribution [26].

when (Benzocaine) 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 target [27].

Formal name : Ethyl p-aminobenzoate;
4-Aminobenzoic acid ethyl ester
Molecular Formula C9H11NO2

.Molecular Weight : 165.2 g/mol [28].
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Scheme 3.7 structure of Benzocaine

3.6 UV-visible spectrophotometric
analysis

Generally, molecules that absorb
in the UV region at a certain
wavelength  will contain  suitable
chromophore. The spectrum consisting ,

of a plot absorbance , percent

transmittance as a function of
wavelength is automatically obtained
using a scanning spectrophotometer.
The absorptivity or molar absorptivity
of many substance at specified
wavelength is listed in various tables in

literature

Figure 3.7 U.V-Visible spectra of Benzocaine

The molar absorptivity of polymers has
been calculated by two methods:

1. From a single absorptive
measurement of a solution of
known concentration by direct
substitution in Beer's law.

2. By plotting of absorbance as a
function of concentration. If a
linear straight line is obtained,
the slope of the straight line can
be used to calculate the molar
absorptivity.

3.7 Calibration curve for (Benzocaine)
A standard curve was

constructed by varying the amount of

(Benzocaine) in the range of (0.001 to

130

The first procedure is
recommended. Concentration based
upon single measurement are not
statistically sound, because it is easy to
make measurement error that can not be
detected with single measurement. So
the 2™ more precise route for

calculation concentration is followed

[29].

0.04) g. L. The solutions was prepared
from stock solution using distilled water
as solvent. The absorbance of the

solution was measured at Amax 293.0
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nm against solvent. The regression
analysis shows the linear relationship
between the concentration of the

(Benzocaine) and the absorbance, the

Table (3.1) The absorbance of (Benzocaine)
in various concentration :

CONC./M ABS.
0 0

6.05%10™ 0.076
1.81%107 0.443
3.02*%10° 0.5

4.23%10° 0.801
6.05%107 1.034
7.86*107 1.40
9.08*107 1.502
1.02*%10™ 1.675
1.21*%107 1.866

3.8 In Vitro Drug release :
To study potential applications

of these polyurethanes containing
azo derivatives of Benzocaine as a
pharmaceutically active compound, in
vitro degradation of the polymers was
studied in physiological conditions.
Hydrolytic degradation products of
polymers upon cleavage of urethane
bonds was measured by the appearance
of AZO monomer in degradation media
using UV. Degradation of Poly urethane
-AZO at 37°C under acidic (pH 4),
neutral (pH 7.8) conditions were
performed over 45 hrs [30].
It has been widely

demonstrated that the side chain
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plot is shown in figure (3.8). The results
indicate that the method is quite suitable

for the analysis of the drug in this

concentration range [17].

These data are represented in figure (3.8)

¥ = 009525 + 0,0636
"= {9883

Figure (3.8)

The working calibration curve for the data of
(Benzocaine), ( the absorbance in 1 cm cell)

at Amax 293.0 nm

hydrolysis of drug pendant polymers
depends on the strength and chemical
nature of the polymer structure and the
surrounding condition . The hydrolysis
of a linkage is also dependent on its
distance from the polymer backbone
[31].

The length and hydrophilicity
of the spacer unit between the drug and
polymer chain can effect the release rate

In order to study the possible
applications of this type of polymer as a
pharmacologically active compound, we
have studied from a chemical point of
view the hydrolysis of the synthesized
polymer in buffer solution with pH=4
and pH=7.8 at37°C [32].
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The rate of Benzocaine

released from the polymers

measured at pH 7.8 and 4 at 37 °C. The

was

rate of release show dependence on the
pH of the medium and on the polymer
microstructure. Generally, it was found
that the rate of release of Benzocaine
increased as the pH increased in
alkaline medium ( i.e., within the colon
pH) [17].

At pH 7.8, polymer 1 released
82% ,polymer 2 released 73% , polymer
3 released 78%, polymer 4 released
79% of Benzocaine respectively, after
45 hours at 37 °C.

At pH 4, polymer 1 released
76% ,polymer 2 released 49%, polymer
3 released 60%, polymer 4 released
70% of Benzocaine respectively, after

45 hours at 37 °C.

This means that more than 90%
of

without

the drug will pass to the colon
hydrolysis. Therefore, this
indicated that the system will be useful
for colon drug targeting. Generally, as
the number of polar groups on the
monomeric units along the polymer
chain increased, the hydrophilicity of
the polymer increased, and the rate of
hydrolysis increased, and consequently,
the amount of Benzocaine released
increased [17]

As shown in table (3.2-3.5), the
degradation of PU-AZO at 37°C under
acidic (pH 4) conditions was slowest.
At pH 7.8, AZO was released gradually

and the degradation was

polymer
complete by 45 hrs. Base catalyzed
hydrolysis of the urethane bonds of the

polymer is much more rapid under basic

conditions than acid conditions
D\C/U\CH Ch
© Bi Bi
l;_HJ
=+i "© Iy I J-
o o—c—R—@rp—n—t—o
Scheme 3.8 Polyurethane AZOI
pH=7.8 pH=4
No. Abs. Conc. Drug release% Time Abs. Conc. Drug release%

1 0.066 0.028 28 1 0.066 0.03 30
2 0.067 0.036 36 5 0.067 0.037 37
3 0.067 0.04 40 10 0.067 0.04 40
4 0.068 0.047 47 15 0.068 0.048 48
5 0.069 0.058 58 20 0.068 0.051 51
6 0.07 0.062 62 25 0.069 0.055 55
7 0.071 0.075 75 30 0.069 0.06 60
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8 0.071 0.079 79 35 0.07 0.064 64
9 0.071 0.082 82 40 0.071 0.076 76
10 0.071 0.082 82 45 0.071 0.076 76

Table (3.2) Hydrolysis result of PU AZO1, pH=7.8, pH =4 at 37 °C
O LH O l;l-ll i
TG Q)¢ ' U_'-:_H_IZUH;:Ir—N—Il.li—CTA
LHy H .
N
'!‘l — \//L:
C~CH,um,
Scheme 3.9 Polyurethane AZO2
pH=7.8 pH=4
No. Abs. Conc. || Drug release%| Time Abs. Conc.|| Drug release%

1 0.065 0.018 18 1 0.064 0.014 14

2 0.066 || 0.029 29 5 0.065 0.018 18

3 0.068 0.043 43 10 0.065 0.021 21

4 0.069 | 0.052 52 15 0.066 0.026 26

5 0.069 0.058 58 20 0.066 0.03 30

6 0.07 0.065 65 25 0.066 0.035 35

7 0.07 0.069 69 30 0.067 0.041 41

8 0.07 0.071 71 35 0.067 0.044 44

9 0.071 || 0.073 73 40 0.068 0.049 49

10 0.071 || 0.073 73 45 0.068 0.049 49
Table (33) Hydrolysis result of PU AZO2, pH=7.8, pH =4 at 37 °C
. g o
A O e L)
N=N
HalCh |:|&:\D/£:§ -
Scheme 3.10 Polyurethane AZO3
pH=7.8 pH=4
No. Abs. Conc. || Drug release% | Time Abs. Conc. | Drug release%

1 0.065 0.017 17 1 0.065 0.012 12

2 0.066 0.027 27 5 0.065 0.014 14

3 0.068 0.048 48 10 0.066 0.026 26

4 0.069 0.053 53 15 0.066 0.029 29

5 0.069 0.06 60 20 0.067 0.031 31

6 0.07 0.064 64 25 0.067 0.036 36

7 0.071 0.073 73 30 0.068 0.044 44

8 0.071 0.077 77 35 0.069 0.054 54

9 0.071 0.078 78 40 0.069 0.06 60
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10 0.071 0.078 78

45 0.069 0.06 60

Table (3.4) Hydrolysis result of PU AZO3, pH=7.8, pH =4 at 37 oC

UH

J[UQE@UJE_H_.U -"_%
>

HaC :I:"‘\\l:

Scheme 3.11 Polyurethane AZO4

pH=7.8 pH=4
No. Abs. Conc. Drug release% Time Abs. Conc. || Drug release%
1 0.067 0.036 36 1 0.066 0.029 29
2 0.068 0.041 41 5 0.067 0.036 36
3 0.068 0.048 48 10 0.067 0.038 38
4 0.069 0.059 59 15 0.068 0.047 47
5 0.07 0.066 66 20 0.069 0.056 56
6 0.07 0.069 69 25 0.07 0.063 63
7 0.07 0.071 71 30 0.07 0.067 67
8 0.071 0.076 76 35 0.07 0.069 69
9 0.071 0.079 79 40 0.07 0.07 70
10 0.071 0.079 79 45 0.07 0.07 70

Table (3.5 Hydrolysis result of PU AZO4, pH=7.8, pH =4 at 37 oC

3.10 Determination of the Total
Benzocaine Content

To determine the total content of

the polymers derived from Benzocaine,

it was necessary to carry out a fast

of the

Heating the

hydrolysis drug from the
polymeric
systems at 60 °C in phosphate buffer

with pH 7.8 and pH 4 hydrolyzed the

polymers.

drug-polymer bond. The fast hydrolysis

of Benzocaine in buffer solution led to

total Benzocaine contents . At pH 7.8 at
37 °C, the total amounts of Benzocaine
released after two days were found to be
85%, 80%, 84% ,83% for polymers
(PU1-PU4) respectively. At pH=4 and
37 °C temperature, the total amounts of
Benzocaine released after two days
were found to be 77%, 70%, 69% |,
79%  for  polymers (PUI-PU4)

respectively

Table (3.6) The total amount released of Benzocaine at pH=7.8, pH =4 at 37 °C
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No. Abs. Conc. Drug release% polymer Abs. Conc. Drug release%
1 0.072 0.085 85 PU1 0.071 0.077 77
2 0.071 0.08 80 PU2 0.07 0.064 64
3 0.072 0.084 84 PU3 0.07 0.067 67
4 0.072 0.083 83 PU4 0.071 0.075 75

Conclusion

Polyurethanes containing azo-
Benzocaine in the main chain were
synthesized by incorporating bioactive
Benzocaine molecules into the polymer
backbone  and  characterized as

biodegradable  prodrug

polymeric
systems.

The rate of degradation was
mainly determined by the number of
azo bonds and not by the type of azo
derivative . Hydrolytic degradation is
pH-dependant and is slow in acidic
conditions. pH=7.8>pH=4.0

The rate of release depends on
the pH of the medium and on the
polymer structure. It was found that the
rate of release of Benzocaine increased

as the pH increased in alkaline medium
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