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Abstract

Polymers can provide new and effective ways of administering drugs and enhance therapeutic
efficacy. Polymers also present a means for controlled delivery of several drugs in the form of
polymeric drug carriers or polymeric prodrugs. Our study involved synthesize of new condensed
polymers from reacting of unsaturated acid anhydride such as maleic or methylnadic anhydrides,
with prepared N-asparaginyl imide diamine, which prepared from reacting of asparaginyl chloride
with ammonia. The new condensed polymers were curing with styrene and the cross-linked polymers
were obtained with high conversion percent. The physical properties were measured and all the
prepared monomers and polymers were characterized by FT-IR and UV spectroscopy. The intrinsic
viscosity was calculated and swelling index was measured for the prepared cross-linked polymers.
The inserted asparagine as amino acid could enhance the biodegradability properties, and these
prepared bioactive polymers can be used as biomaterial in different applications, which could be
acted as smart polymers due to pH sensitivity.
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Introduction

In the last two decades, the development of
polymers, which change their structures and
properties in response to environmental stimuli
such as pH, temperature and light, has
attracted a great deal attention @®. Such
polymers have been called "Smart Polymers",
"Intelligent Polymers"”, "Stimulus-Sensitive
Polymers" or "Responsive Polymers". They
have been used in many applications ranging
from bioactive delivery to separation ). New
complex polymers used as drug delivery
systems allow to reduce side effects and
toxicity of drugs, and to improve patient
compliance. Polymers also provide the means
for controlled delivery of drugs in the form of
polymeric drug carriers or polymeric pro-
drugs.®”  Polymeric drug delivery systems
allow for a variety of routes for drug
administration (oral, parenteral, transdermal,
nasal, ocular, etc)® Asparagine is a
nonessential amino acid, which means that it is
manufactured from other amino acids in the
liver. () Asparagine, formed from another
amino acid, aspartic acid, and it is needed to
maintain balance in the central nervous
system; it is an essential component of those
proteins that are concerned with signaling,
neuronal development and transmission across
nerve endings . As it is transformed back
into aspartic acid, asparagine releases energy
that brain and nervous system used for
metabolism .Shortage of asparagine can lead
to  confusion, headaches,  depression,
irritability, or, in intense cases, psychosis ®.
Also it promotes the process by which one
amino acid is transformed into another in the
liver. Asparagine is found in dairy, beef,
poultry and eggs. @ It has the ability to be
modified by several structural group and
joined with medications to be released as
targeted or pH-induced drug delivery
mechanism @ the synthesis of a new family
of biodegradable a-amino acid polymer — with
pendant benzyl ether groups and hydroxyl
functional groups was reported Y.An
example is the strategy employs the ring
opening reaction of O-benzyl-serine-N-

163

carboxy anhydride with di p-toluenesulfonic
acid salt, of bis -1-valine butane-1,4-diester,
followed by solution Polycondensation
reaction with di-p-nitrophenyl sebacate in
N,N-dimethyl acetamide, catalytic
hydrogenation  benzyl ether  protected
resorbable poly (ester anhydride) networks
based on caprolactam, L-lactide and D,L-

lactide oligomers The ring opening
polymerization of the monomer yielded
hydroxyl oligomers, which were end-

functionalized with succinic anhydride and
reacted with methacrylic anhydride to yield
dimethacrylated oligomeric containing
anhydride bonds. The cross linking of the
oligomers were carried out thermally with
dibenzoyl peroxide leading to polymer
network with high glass-transition temperature
and high water absorption and complete mass
loss in 4 days ™. Hydroxyl-group functional
polylactone were prepared and converted to
acid terminated poly esters in a reaction with a
series of alkenylsuccumic  anhydrides
containing 8, 12 or 18 carbons in their alkenyl
chains moiety in their poly ester blocks. The
hydrolysis behavior was found to depend on
the thermal properties of the polymer
precursors ‘. Many new condensed polymers
were synthesized from reacting sulfonated
amino acids derivatives such as histidine and
D-alanine with benzidine as biomaterial
polymers . New poly (ester amide) of 1, 4-
butane-diol acid, and caprolactam were
prepared and appears to be completely
biodegradable and shows both good
performance and good processing behavior
15 Poly maleimide is a type of polymer with
high reactivity and excellent thermal stability
(18 Generally, polymaleimide is synthesized
by homopolymerization via free radical or
anionic polymerization " *®_ The other is
thermolysis or hydrolysis. In this study, our
primary aim was to synthesize and validate
new condensed polymers of the amino acid
asparagine with  unsaturated acid anhydride
such as maleic or methyl-nadic anhydrides
then studying the release profile of asparagine
from these two polymers at acidic and alkaline
media.
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Experimental

Instrumentation:

Melting points were measured using Gallen
Kamp M. F. B-600 melting point apparatus.
Infrared  spectrophotometer measurements
were performed using pye-unican SP3-100
U.V-Visible  double beam  scanning
spectrophotometer-260 at room temperature.
Differential scanning calorimetry (DSC) and
Thermo gravimetric analysis (TGA) were
recorded using (PL-STA 1500, Rheometric
Scientific co. UK). The inherent viscosities
were measured at 25°C, DMSO. Swelling
percent of the polymers was determined by
using 0.2g of polymer soaked in solution of
pH 1.1 for 5 days Viscosity measured by
Ostwald viscometer. All chemicals were
purchased from Fluka and BDH; all the
available chemical reagents were used without
further purification.

Controlled Release Study

100 mg of the prepared asparagine polymer
was kept in cylinder containing 50:50 ml of
buffer: dioxane and in water bath at 37°C
without stirring. A 2 ml sample from the
release medium was periodically withdrawn
and analyzed by U.V at 300nm in order to
determine the amount of the released
asparagine.™® The same volume replaced with
equal volume of fresh dissolution media
.Calibration curve was constructed with a
software built in the computerized U.V
spectrophotometer, the amount 0.1mg of the
released asparagine was determined directly
from the software for many days, using the
calibration curve in different pH values at
37°C as shown in fig. (3) and fig. (4).

Swelling percent (Am of the prepared
polymers was studied and calculated according
to the following equation
Am=mg —mg / mg x 100

When my is the weight of a dry polymer , m; is
the weight of swelled polymer in pH 1.1.

164

The softening point of the cross-linked
polymer was > 300°C, which was measured by
using melting point apparatus.
Modification of Asparagine to
chloride [Mq]

To around bottomed two necks flask equipped
with a magnetic stirrer, condenser and
separatory funnel, it was charged with (5g,
0.01mole) of asparagine with 15ml of 1:10 of
DMF: Dioxane. Thionyl chloride (0.01mole)
was added drop wise for about 15 minutes, a
yellow product was isolated and washed with
diethyl ether for several times and dried at
50°C, the yield was 75%.

Synthesis of Imide Asparagine Diamine [My]
(59, 0.01mole) asparaginyl chloride [M;] was
dissolved in 10ml of dioxane with few drops
of DMF (Dimethylformamide); the mixture
was placed in a round bottomed flask with
continued stirring. 0.5 molar ratio of ammonia
was added drop wise at room temperature. The
imide diamine product [M;] was filtered and
purified from ether, dried at 50°C, the yield
was 75%.

Melting point was equal to 135°C.
Polycondensation Polymerization [M;] with
Acid anhydrides [M3-My]

In a round bottomed two necks flask equipped
with a thermometer and reflux condenser was
charged with (2.5g, 0.001mole) of prepared
product [M;] and dissolved by adding 15ml of
dioxane with few drop of DMF. Acid
anhydride (0.001 mole) that is maleic
anhydride (first experiment) and methyl nadic
anhydride (second experiment) was added
gradually, and then the mixture was stirred and
refluxed. The stirring was continued for 1hr.
the colored condensed polymers [M; & My]
was collected from the first and second
experiments respectively, filtered and washed
with ether and dried at 50°C, the conversion %
was (75-80) %.

its Acid
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Table (1):- Physical Properties of Condensed Polymers [M3 & My]

{co—R—CONH—E—NHiq—

n

Conversion

Softening
point °C %

163.3-
177.3

Cross linking of Prepared Polymers [M3; &
M4] to [Ms & Mg] by Using Styrene

The condensed polymers [M3 & Mg] were
cross-linked with styrene monomer by free
radical polymerization using 1:1 molar ratio,
in the presence of mixture solvents of DMF:
Dioxane with 1:10 volume, the dibenzoyl
peroxide was used as initiator with 0.05%

250-260

concentration. The mixture was heated about 1
hr. at 90°C. The cross-linked polymer was
poured into petri dish, and then the solvent
was evaporated through air-drier at room
temperature for 24 hrs. Followed by a vacuum
drying cycle at 50°C , washed with ether for
several times. Table (2) shows the physical
properties of cross-linked polymers [Ms, Mg]

Table (2):- Physical Properties of the Prepared Cross linked Polymers [Ms, Mg]

M/EvNH CO ITCO NH RV}M

Color

H,C n

I
)
MmNHCORCO NHRV}M
- n
Softening | Swelling%
Point°C | inpH1.1

Conversion %

Deep Yellow

90 >300 15

Brown

92 >300 25
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Results and Discussion

In this study new bioactive polymers were
prepared through condensed polymerization of
unsaturated acid anhydride such as maleic or

H

methyl-nadic  anhydrides, with prepared
asparagine imide-diamine, which prepared as
shown in the following equation:

| o
H,N—C—CH,—CONH,+ SOCl, —~%» H N—CH-CH,—CONH,

COOH
Asparagine

O
Il

AN 7ZS

CcocCl
Asparaginyl chloride
2
wI
NH
RN
OC|: (|ZO
Asparagine Imide-Diamine
0
X
R O
Y
o)
NH
AN

oC 6(0) 0

0 | | i
I
M«EC—R—C—NH—(IZH HC—NH-C—R——C«}W
|

H,NCO—CH,  CH,—

Poly Imide-Amide [M3-M,]

scheme (1)
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Then cross-linked polymers Ms and Mg were synthesized from M3 and M, with styrene monomer by

free radical polymerization as described below:

H
N
co
wwCO—R—CONH—CH
C|:H2 ICH2
CIIH@ OCNH,
M/WCO—F%Q—CONH —Hcl\
CH, <R
N

CllH—NH CO——R—CONH,

H,C CH,

CH—NHCO —R—CONH ,»ww

CONH,,

Crosslinked Polymers [M;-Mg]

scheme (2)

Fig. (1) shows the FTIR spectra of prepared
asparagine  imide-diamine  with  maleic
anhydride polymer [My], the vC=0 absorption
revealed at 1730 cm™ for imide and at
1665cm™ for amide. The v(—NH,) stretches
absorption were showed at 3450-3350cm™ and
v(-NH) at 3252cm®, and around 1220-
1240cm™ because of C-N absorption. Fig. (2)
of prepared polymer M3 shows absorption for
vC=0 amide at 1750cm™ and v-NH imide at
3115cm™ with remained v-NH, of YCONH,
amide at 3452-3385cm™ with peak at 2955cm”
! assigned to aliphatic C-H stretching, also the
FTIR of M3 and M, showed peaks at 1600cm™
due to C=C stretching of unsaturated acid
anhydride. The physical properties of prepared
asparagine  imide-amide polymers were
0

studied such as intrinsic viscosity, which was
measured at 30°C with Ostwald viscometer.

Asparagine release profile

Figure (3) and figure (4) showed the effect of
pH values on the release rate of asparagine
from polymers [M3] and [M4] and profiles of
mole fraction of asparagine ratio to total moles
presented in the sample versus time at pH
values 10 and 1.1 at 37°C. The only
nucleophilic acyl substitution reaction that
amide undergoes was hydrolysis. Amides are
fairly stable in water but the amide bond is
cleaved on heating in the presence of basic,
normally this cleavage produces an amine and
carboxylic acid.

O

MWC—NHMm + H)O0 —— mvC—OH + H,Nwwww

Carboxylic Acid Amine

The release of asparagine at suitable condition gradually with outside effect, this hydrolysis of amide

group, which was shown in the following mechanism:

O

O

poly —C—NHmw 4 H30+—> poly —C—OH + H2N+¢vwvvv

Amide Hydronium lon

Carboxylic Acid  Ammonium lon
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In basic media the carboxylic acid is deprotonated giving a carboxylate ion:

O

O

poly—C—NHm 4 OH —» poly—C—0O + H,Nwwww

Amide
Swelling percentage of cross-linked polymers
Ms or Mg equal to 10 and 25% respectively
.The process were achieved at pH 1.1 solutions
for five days as shown at fig. (5). Fig. (6)
Shows the thermal analysis of polymer [Ms],
which indicated the thermal stability in the
range of melting temperature equal to 163.37-
177.36 °C. The intrinsic viscosities of the
prepared polymers [M3] and [M4] ranged
between (0.71, 0.78) dL/g respectively.

Conclusion

The core goal of this study was attained by the
achievement of synthesize of polymers based
with a smart bioactive asparagine. The drug
release profiles displayed a pH-dependent

Hydroxide lon
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Carboxylate lon  Amine

behavior. Asparagine release rate increased
significantly as the solution pH increased from
acidic pH to the alkaline one. The effects of
pH values at 37°C on the hydrolysis of amide
bond which acts as base higher than in acidic
medium and this was shown in the release
profile figures. Therefore ,we successes in the
synthesize of a novel asparagine-polymers that
have the ability of controlled release of the
amino acid which open an era of administering
more complex polymers or other drugs that
could be coupled with the amino acid and/or
the polymers as a smart line of application in
drug design .
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FTIR Spectra of Prepared Polymer [M;]

Fig. (2)
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——M3
—=- M4

Molefraction
— ; e 4

Time (Days)

Fig. (3): Release Profile of Asparagine from the Prepared Polymers M3 and My in pH 1.1
Dissolution Media at 37°C

== M3

i-“
/ —B—M4
~_Y

Molefraction

Time (Days)

Fig. (4): Release Profile of Asparagine from the Prepared Polymers M3 and My in pH 10
Dissolution Media at 37°C
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A
N
4

Al Y Y ¢ o

Swelling Folds

Time (Days)

Fig. (5):- Swelling percentage of Polymers Ms and Mg in pH 1.1 at Room
Temperature
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Fig. -6: Thermal Analysis of Polymer [Ms]

300

173



Tikrit Journal of Pharmaceutical Sciences 2013 9(1)

References

1-

Brahim S., Narinesingh D. and Guisepps
A. " Release Characteristics of Novel

pH-Sensitive", Biomaterials
Cromdeules, NO(4), P. 1224-1231,
(2003)

Yu Y. Nakano M. and lkeda T.,

"Photometrics: Directed Bending of a
Polymer Film by Light", Nature J., No
(425, P. 145, (2003).

Malmstadt N., Yagek P., Hoffman A.
and Styton P., "A Smart Microfluidic
Affinity Chromatography Metric
Composed of Poly(N-Isopropyl amide)-
Coated Beads", J. Anal. Chem., No. 175,
P. 2943-2949, (2003).

Base Y., Okano T. and Kin S., "Insulin
Permeation Through Thermo sensitive
Hydrolysis”, J. Controlled Release, P.
271-278, (1989).

5-Skanji R,Andrieux K,Lalanne M, et.al.
A new nanomedicine based on
didanosine glycerolipidic prodrug
enhances the long term accumulation of
drug in a HIV sanctuary.

International Journal of Pharmaceutics
[2011, 414(1-2):285-97]

6- SoodA.and Panchagnula R.,
Parenteral Route: An Opportunity for
Protein and Peptide Drug Delivery,
Chemical Reviews, 101, 3275-303,
2000.

7-Auditore JV, Wade LH., N-acetyl-
L-asparagine in human brain.
Neuropharmacology. 1972
May;11(3):385-94.

8-A. S. de Menezes, F. M. Ardito, A. O.
dos Santos, A. J. D. Moreno, R. J. C.
Lima, M. A. Hayashi and L. P. Cardoso.
Characterization of the time-dependent
L-asparagine monohydrate crystal phase
transition. J. Appl. Cryst. (2011). 44,
954-957.

174

11-

12-

13-

14-

15-

16-

17-

18-

9- PL Lorenzi, JN Weinstein, NJ Caplen
Materials and methods directed to
asparagine synthetase and asparaginase
therapies.- US Patent 7,985,548, 2011.

10-Hiroto Kawashima, Takeomi Murata,
Kazuo Yamamoto, Akihiro
Tateishi, Tatsuro Irimura,1 and Toshiaki
Osawa. A Simple Method for the
Release of Asparagine-Linked
Oligosaccharides from a Glycoprotein
Purified by SDS-Polyacrylamide Gel
Electrophoresis.  The  Journal  of
Biochemistry Volume 111, Issue 5 Pp.
620-622.

Dena M., Wu J. and Reinhart G,
"Biodegradable Functional Poly (ester-
amide)s with  Pendant  Hydroxyl
Functional Groups”, J. Acta. Biomat.,
No.(4), P. 1504-1515, (2011).

Antti O., Harri K. and Jukka V.,
"Crosslinked  Poly(ester  anhydride)
Based on Poly Caprolaction and
Polylactide Oligomers”, J. Polym.
Science, Vol. (41), No. (23), P. 3788-
3797, (2003).

Hart K., Bisto A., Antti O. and Jukka V.,
"Synthesis and Hydrolysis Behavior of
Poly Ester Anhydrides”, Macromolecular
Bioscience, Vol. (6), No. (7), P. 496-
505, (2006).

Firyal M., Amel A. and Khudheyer G.,
"Preparation of Condensed Polymer of
Sulfonated  Amino  Acids  with
Benzidine”, J. Education, No. (34),
(2011).

Mehavar R., "Delivery of Therapeutic
Agents”, J. Control Release, 69, 1-25,
(2008).

Gangadhara C and Thomas M.,
"Synthesis and Characterization of
Polymaleimides”, J. Polym. Sci. Part A
Polym., 36, 2531-2546, (1998).
Benjamin E., Hijji Y., "The Synthesis of
Cyclic Imides"”, J. Molecules 13, 157-
169, (2008).

Agarwal P. and Yu Q., "Synthesis and
Character of Poly Mole Imide", J. Ind.


http://ukpmc.ac.uk/search/?page=1&query=AUTH:%22Skanji+R%22+SORT_DATE:y&restrict=All+results
http://ukpmc.ac.uk/search/?page=1&query=AUTH:%22Andrieux+K%22+SORT_DATE:y&restrict=All+results
http://ukpmc.ac.uk/search/?page=1&query=AUTH:%22Lalanne+M%22+SORT_DATE:y&restrict=All+results
http://ukpmc.ac.uk/abstract/MED/21596125
http://ukpmc.ac.uk/abstract/MED/21596125
http://ukpmc.ac.uk/abstract/MED/21596125
http://ukpmc.ac.uk/abstract/MED/21596125
http://ukpmc.ac.uk/search/?page=1&query=ISSN:%220378-5173%22&restrict=All+results
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Auditore%20JV%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wade%20LH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/5050445
http://scripts.iucr.org/cgi-bin/citedin?search_on=name&author_name=de%20Menezes,%20A.S.
http://scripts.iucr.org/cgi-bin/citedin?search_on=name&author_name=Ardito,%20F.M.
http://scripts.iucr.org/cgi-bin/citedin?search_on=name&author_name=dos%20Santos,%20A.O.
http://scripts.iucr.org/cgi-bin/citedin?search_on=name&author_name=dos%20Santos,%20A.O.
http://scripts.iucr.org/cgi-bin/citedin?search_on=name&author_name=Moreno,%20A.J.D.
http://scripts.iucr.org/cgi-bin/citedin?search_on=name&author_name=Lima,%20R.J.C.
http://scripts.iucr.org/cgi-bin/citedin?search_on=name&author_name=Lima,%20R.J.C.
http://scripts.iucr.org/cgi-bin/citedin?search_on=name&author_name=Hayashi,%20M.A.
http://scripts.iucr.org/cgi-bin/citedin?search_on=name&author_name=Cardoso,%20L.P.
http://www.google.com/patents?hl=ar&lr=&vid=USPAT7985548&id=LpPnAQAAEBAJ&oi=fnd&dq=asparagine+liver+human&printsec=abstract
http://www.google.com/patents?hl=ar&lr=&vid=USPAT7985548&id=LpPnAQAAEBAJ&oi=fnd&dq=asparagine+liver+human&printsec=abstract
http://www.google.com/patents?hl=ar&lr=&vid=USPAT7985548&id=LpPnAQAAEBAJ&oi=fnd&dq=asparagine+liver+human&printsec=abstract
http://jb.oxfordjournals.org/search?author1=Hiroto+Kawashima&sortspec=date&submit=Submit
http://jb.oxfordjournals.org/search?author1=Takeomi+Murata&sortspec=date&submit=Submit
http://jb.oxfordjournals.org/search?author1=Kazuo+Yamamoto&sortspec=date&submit=Submit
http://jb.oxfordjournals.org/search?author1=Akihiro+Tateishi&sortspec=date&submit=Submit
http://jb.oxfordjournals.org/search?author1=Akihiro+Tateishi&sortspec=date&submit=Submit
http://jb.oxfordjournals.org/search?author1=Tatsuro+Irimura&sortspec=date&submit=Submit
http://jb.oxfordjournals.org/content/111/5/620#corresp-1
http://jb.oxfordjournals.org/search?author1=Toshiaki+Osawa&sortspec=date&submit=Submit
http://jb.oxfordjournals.org/search?author1=Toshiaki+Osawa&sortspec=date&submit=Submit
http://jb.oxfordjournals.org/
http://jb.oxfordjournals.org/
http://jb.oxfordjournals.org/content/111/5.toc

Tikrit Journal of Pharmaceutical Sciences 2013 9(1)

Eng. Chem. Res., 42, 2881-2884, (2003).

19-Fumito Matsuura and Akiko Imaoka.
Chromatographic separation of
asparagine-linked oligosaccharides
labeled with an ultraviolet absorbing
compound,p-aminobenzoic acid ethyl
ester Glycoconjugate  Journal
.(1988).Volume 5, Number 1

175


http://www.springerlink.com/content/?Author=Fumito+Matsuura
http://www.springerlink.com/content/?Author=Akiko+Imaoka
http://www.springerlink.com/content/0282-0080/
http://www.springerlink.com/content/0282-0080/5/1/

