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ABSTRACT

Nowadays, pH-sensitive polymers are more and more interesting in the field of novel
drug delivery systems. The important features of these polymers are the change of their
physical or chemical properties response to changes in environmental pH. In this study, a
series of pH-sensitive polymers (OSA) were synthesized from Suberic acid and
Ethylenediamine. The chemical structure of OSA was determined by *H NMR and FTIR.
Thanking to carboxamide groups in chain of the polymers, OSA are polyanions that can
release proton at high pH and accept proton at low pH. The pKa and pH sensitive range of
OSA were evaluated by titration method. The result revealed the effect of DMF solvent to
the pH sensitive range of OSA. Importantly, OSA-2 possessed a pH range from 7.2 to 6.3
and obtained low polydispersity index (PI), high zeta potential value. It is thus concluded
that OSA-2 is promising a component of dual pH/temperature sensitive copolymers applied
as an injectable drug carrier.
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1. INTRODUCTION

Intelligent polymers are a type of polymers that respond to slight changes in the
environment. Characteristic responses of the polymers are showed as changes of shape,
surface activity, solubility and sol to gel transition. The environmental trigger factors behind
these changes can be temperature, pH, solvent, ionic strength, chemical agents, light,
electrical field, and magnetic field [1, 2]. Among smart polymers, pH-responsive polymers
attract much attention and have become very popular. These special properties of pH-
sensitive polymers consequently make them very valuable in various applications such as
drug delivery, gene delivery, sensors, membranes and chromatography.

The important feature of pH-sensitive smart polymers is able to accept or release
protons in response to changes in environmental pH. This is a result of containing weak
acidic or basic groups in their structure. Based on the ionizable groups, pH-responsive
intelligent polymers can be classified as anionic or cationic polymers [3, 4]. In general,
anionic polymers called polyanions or polyacids are ionized at pH above the pKa of the
polymers network, whereas cationic polymers called polycations or polybases are ionized at
pH below the pKa. According to [1-3], there is a list of examples of polyanions with
characteristic acid groups such as carboxylic, sulfornic, borocnic groups, in contrast of
cationic polymers which hold amine, morpholino, pyrrolidine, imidazole, piperazine, and
pyridine groups. Specially, the pH-sensitive polymers containing amide groups (such as
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carboxamide, sulfonamide) in their structures have more interesting in pharmaceuticals
because they constitute the backbone of the biologically crucial proteins [5]. Among that, the
reports of application of pH-sensitive polymers having carboxamide groups indicated the
size, size distribution, release drugs which controlled rigidly by the pH of the environment
[6, 71.

In addition, the ionizable groups in pH-sensitive polymer structures act as hydrophilic
part or hydrophobic part. Therefore, the polymers can be converted soluble-insoluble state
based on the ionizing and de-ionizing ability of them. This is relative to the change of
electrical charge in the polymeric molecules. For example, polyanions are ionized at high
pH, the chain of polymers is expanded by electrostatic repulsion of the negatively charged
groups, so the polymers are more hydrophilic. Decreasing pH value of environment, the
charges decrease to neutralize that increases hydrophobic part of the polymers [2].

In this study, pH-sensitive polymers (OSA) with carboxamide groups (—-CONH) were
synthesized from Suberic acid and Ethylenediamine. This functional carboxamide group is
considered as weak acid because the hydrogen atom of the amide group can be ionized to
release a proton in solution. With the purpose of using OSA as a pH-sensitive component in
order to combine with thermal sensitive polymers form dual-sensitive copolymers which are
applied in injectable drug delivery system, the desired OSA can be deionized at near pH
body (7.4) and ionized at above or under this pH. That makes the dual - sensitive smart
copolymers effectively control the complex environmental parameters of body. In the
present work, the influence of DMF solvent to obtain pH-sensitive polymers was evaluated.
'H NMR (proton nuclear magnetic resonance) and FTIR (Fourier transform
infrared spectroscopy) spectra were used to analysis chemical structure of the polymers.
Characterization of physicochemical properties of OSA such as: Zeta potential, size
distributions, pKa values and pH-sensitive range was determined.

2. MATERIALS AND METHODS
2.1. Materials

Suberic acid, Ethylenediamine were bought from Sigma—Aldrich as precursor materials.
4-Dimethylaminopyridine (DMAP) (99%) and 1,3-Dicyclohexylcarbodiimide (DCC) (99%)
were purchased from Aladdin (China), they were used as catalysts system of polymer
condensation reaction. Dimethylformamide (DMF) solvents were supplied from Prolabo.

2.2. Methods
2.2.1. Synthesis of OSA polymers

At beginning, the ratio of feed designated on the plan of Suberic acid/Ethylenediamine
/DCC/DMAP was 1/1/1/0.1 (mole/mole) with DCC and DMAP as catalyst. DMF was used
as solvent with various ratios. Next, the process was applied two steps: (1) Mixing Suberic
with DCC, DMAP in DMF solvent to become completely solution, (2) injecting dropwise of
Ethylenediamine liquid into the agueous solution at the first stage. The reaction was occurred
in Nitrogen gas environment at 90 °C temperature in 4 h. Finally, the mixture was purified by
using excess diethyl ether and dried under vacuum at 50 °C for 12 h.
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Scheme 1. Synthesis of OSA polymers
2.2.2. *H NMR analysis

The *H-NMR spectra were obtained from Bruker Avance machine at 500MHz and used
to determine the molecular structures of the polymers. Spectra of OSA were analyzed in
DMSO solvent containing 0.03 % (v/v) Tetramethylsilane (TMS).

2.2.3. FTIR analysis

The IR data were recorded on a Shimadzu FT IR-8400 S spectrophotometer. The
polymers were mixed with KBr and pressed to a plate for measurement.

2.2.4. Zeta potential and size distributions measurement

Dynamic light scattering (DLS) method was conducted at 25 °C with 90° scattering
angle on HORIBA SZ-100 to determine the Zeta potential and size distributions of the
polymers.

2.2.5. pKa measurement

The pKa values of OSA were determined by titration method. Firstly, OSA was
dissolved in PBS buffer in order to attain 0.1% (w/w) concentration. Next, using NaOH 5N
adjusted the pH of the solution to 10-12. After that, pH data was collected by a pH meter
when adding slowly HCI 0.1 N into the OSA solution. The titration curve was built by the
change of the pH value. Finally, the pKa value of OSA is determined by plotting pH titration
curve [8, 9].

3. RESULTS AND DICUSSION
3.1. Synthesis of OSA polymers

The chemical structure of OSA was characterized by *H NMR spectrum (Fig. 1c). The
'H NMR spectra of Suberic acid and Ethylenediamine were used as references (Fig. 1a,b)
[10]. Obviously, data of OSA showed the resonance signals at 2.16 ppm (peak 1,-CH»CO),
1.49 ppm (peak 2, -CH,CH.CO) and 1.23 ppm (peak 3, -CH>CH,CH,CO) which are
attributed to the protons of Suberic acid moieties. Addition, the signal at 2.9 ppm (peak 5)
belongs to photons of Ethylenediamine (-CH>NHCO). Specially, the signal at 8.00 ppm
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(peak 4) appears in the spectrum which is assigned to the protons of the amide (-NHCO) by
hydroxy! unit of Suberic acid linking to amine unit of Ethylenediamine.
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Figure 1. *H NMR spectrum of a) Suberic acid, b) Ethylenediamine and ¢) OSA in DMSO

Besides, FTIR spectrum of OSA in Fig.2 shows typical absorption peaks of obtained
amide (-CONH) group. Specifically, broad band in the region of 1650 cm™ - 1553 cm™
correspond to the carbonyl group (-C=0) and the amine group (-N-H) of amide. Clearly,
compare to the FTIR data of Suberic acid and Ethylenediamine, the spectrum of OSA displays
significant changes. A characteristic absorption peak of hydroxyl (-O-H) at 3600 cm™ and
double peaks of amine (-N-H) at 3400 cm™ present in spectra of Suberic acid and
Ethylenediamine respectively, whereas in the spectrum of OSA, a broad absorption in the
region 3500-3200 cm™ results from overlap between hydroxyl (-O-H) of Suberic acid and
amine (-N-H) of Ethylenediamine. Addition, a strong band at 1750 cm™ of the carbonyl
group (-C=0) of Suberic acid is substituted by a band at 1650 cm™ in the data of OSA. Other
absorption peaks around 2900 cm™, 1250 cm™ of C-H bond and C-O bond in OSA spectrum
respectively are similar to those of native Suberic and Ethylenediamine [10].
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These results demonstrate that the OSA polymers were synthesized successfully.
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Figure 2. FTIR spectra of Suberic acid, OSA and Ethylenediamine
3.2. The influence of DMF solvent to a range of pH sensitive and pKa of OSA

Carboxamide formation from condensation reaction is often more convenient
achievement through application of a suitable coupling agent. DMF has often selected as
solvent for kind of this reaction because it displays a good reaction media [11]. Therefore,
DMF was also used as solvent for synthesis OSA. Note that, if solvent is used too small in a
reaction, it does not dissolve completely solution. On the contrary, consuming large amount
of solvent causes decreasing concentration of reactants so reaction occurs more difficulty.
This explanation shows that DMF solvent can influence to features of the formed OSA. In
this study, the range of pH sensitive and pKa of OSA were evaluated following the volume
of DMF solvent. Five kinds of OSA denoted in order of OSA-1, OSA-2, OSA-3, OSA-4 and
OSA-5 were synthesized with ratios of DMF/reactants (v/w) corresponding 3, 5, 8, 10 and 25.

As shown in Fig.3, all of the OSA dissolved absolutely at high pH (pH>10) to form the
transparent solution. Decreasing pH value, the precipitation phenomena appeared which
some tiny particles created in the solution. So, it can confirm that OSA are polyanions. That
mean, the carboxamide groups lose protons at basic pH values, the electrostatic repulsion of
the negatively charged groups makes the hydrophilic part of OSA controlling the process.
The reason is the oxygen atoms of carbonyl group (-C=0) which have high electron
negativity capture electrons from the carbon atom. The electron deficiency of the carbon
atom causes it draws the electrons of -NH bond, resulting in ionization. In the contrary, at the
low pH, the ionizable groups accept protons resulting in the uncharged macromolecule,
hydrophobic interactions of OSA dominate [2, 9].
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Figure 3. The images of OSA with: pH > 10 (on the left) and pH < 4 (on the right)

From observation, OSA-1 was formed difficultly by low solvent, high viscosity, so it
was not mentioned for next testing. The results of pH sensitive distance of OSA are
displayed in Table 1. Exception OSA-2 has a narrow range of pH sensitive, the others have a
larger pH range (>1.0 unit pH). When DMF content increased, the esterification occurred
harshly by low reactant concentration. That caused the number of formed functional groups
in the chain of OSA was small. So the pH of the environment changes more quickly within
the pH sensitivity range of the polymer. As a result, the pH distance is wider. This is
appropriate to the pKa values of the polymers that the pKa of OSA-3,4,5 is higher than of
OSA-2. In Fig. 4, the pKa value of OSA-2 shows at 6.7 in the titration curve, while those of
OSA-3,4,5 are 6.9, 6.9 and 7.2 respectively. Moreover, used volume of HCI to obtain the
equivalence point of OSA-2 is more than of the others. All of these demonstrate the

ionizable groups in the chain of these polymers decrease with increasing DMF volume.

Table 1. Ranges of pH sensitivity of OSA

HCI 0.IN (mL)

Figure 4. Diagram of pKa value change at different DMF volume
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Samples VomE/ Mreactant Startpoints Endpoints Range of
(upper points) (lower points) sensitivity
OSA-2 7.2 6.3 0.9
OSA-3 7.50 6.3 1.2
OSA-4 10 7.5 6.4 11
OSA-5 25 7.8 6.5 1.3
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3.3. Size distribution of pH-sensitive OSA

Based on the results of size distribution of OSA showed in Fig.5, OSA-2 presents a
good PI (polydispersity index) (< 0.5), whereas Pl values of OSA-3,4,5 are higher than 1.5.
P1 values of the polymers have a tendency to increase when DMF volume increases. It is
suggested that is a result of the poor product quality by tough reaction in large amount of DMF.

In addition, the zeta potential of OSA-2 in DMSO solvent at 25 °C obtained -35.3 mV
in Fig.6. Obviously, OSA-2 exhibited high negative charge by the release of protons of
carboxamide groups in its structure. With high surface charge and low PI, the pH-sensitive
OSA-2 also displays high dispersion stability by preventing aggregations and homogeneous
size [12].
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Figure 5. The PI of OSA-2 on the left and diagram of Pl of different OSA on the right
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Figure 6. Zeta potential of OSA-2
4, CONCLUSION

pH-sensitive polymers (OSA) were successfully synthesized by condensation reaction.
The *H NMR and FTIR data demonstrate the formation of carboxamide groups in the OSA
structure. They are polyanions which dissolve perfectly into solution at high pH and
precipitate at low pH. Ratio of DMF solvent in the reaction affected to pKa of OSA. The
increasing DMF volume caused increasing pKa values. OSA-2 has a pKa value at 6.7 with
the pH-sensitive start point at 7.2 (near pH body) and uniform size distribution and good
dispersion stability. Thereby, OSA-2 is a potential pH-sensitive polymer that can combine
with temperature-sensitive polymers to form dual pH/temperature responsive copolymers
with the purpose for injectable drug delivery system.
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TOM TAT

TONG HOP VA CAC DAC TINH CUA POLYMER NHAY pH
BGI NHOM CARBOXAMIDE

Nguyén Thi Thanh Hién>?*, Bui Phan Minh Chau?,
Ha Cim Anh?, Huynh Pai Phi?

Trieong Pai hoc Cong nghiép Thyc pham TP.HCM
2Truong Pai hoc Bach khoa TP.HCM
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Ngay nay, polyme nhay pH rit duoc quan tdm trong linh vuc truyén dan thudc. Céc tinh
ning quan trong cua cac polyme nay la tinh chét vat ly hoic héa hoc cua ching co thé thay
d6i theo pH mai trudng. Trong bai bao nay, mot loat cac polymer nhay pH (OSA) duoc téng
hop tir axit suberic va ethylenediamine. C4u triic héa hoc caa cac OSA duoc xac dinh bang
'H NMR va FTIR. Véi su hinh thanh nhém chac carboxamide trén mach nén OSA la
polyanion nhay pH, do dé né c6 thé nha proton & pH cao va nhan proton & pH thap. Khoang
nhay pH va pKa cta cac OSA duoc xac dinh bang phwong phap chuin d6. Két qua thu duoc
cho thiy su anh hudng caa dung mdi DMF 1én pKa va khoang nhay pH cia OSA. Bic biét,
OSA-2 c6 khoang nhay pH tir 7,2 d&n 6,3, kich thudc ddng déu va 6n dinh phan tan tét. Do
do6, c6 thé n6i OSA-2 c6 trién vong 1 thanh phan caa polymer nhay pH/nhiét d6 duoc tng
dung nhu chit dan truyén thudc dang tiém.

Tir khéa: Nhay pH, carboxamide, dan truyén thuc.
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