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Investigation Of Absorption Properties of Polyacrylic

Acid-Based Hydrogel With Doxorubicin Hydrochloride

ABSTRACT:

In alkali environment hydrogels with high swelling ability have been synthesized as a result of cross
linking well water soluble and non-toxic polymer - polyacrylic acid (M, =230 kDa) with 5, 10, 15 and
20% ratio (by weight) of N,N’- -methylene-bis-acrylamide. Absorption processes of obtained
hydrogels with doxorubicin hydrochloride from water environment have been researched.
Dependence of sorption degree and sorption capacity of antibiotic on environment pH and starting
concentration of doxorubicin has been researched and nature of chemical interaction between
hydrogel and antibiotic has been found out via infrared, ultraviolet, nuclear-magnet resonance
spectroscopy methods. It was determined that in pH=8 hydrogel taking 10% crosslink reagent inside
has 570% swelling degree and with increasing environment pH sorption capacity increases up to 13.4
mg/gr as per doxorubicin of gel. It was investigated with UV, FTIR and NMR spectroscopy methods
that interaction between hydrogel and antibiotic occurs due to hydrogen bonds and electrostatic
forces.

Keywords: doxorubicin, immobilization, cross-linking, polyacrylic acid, methylene-bis-acrylamide, hydrogel
1. INTRODUCTION

Antibiotics are one of the drugs, which are of particular importance in medicine and biotechnology.
Antibiotics unusual due to the fact that, unlike other drugs, their target receptor is not located in human tissue,
but located in the cells of microorganisms. In addition, the activity of antibiotics is not forever, it gradually
decreases [1,2]. In recent years, obtaining polymer derivatives of antibiotics, synthesis of medicines their with
long-term effects are in the focus of investigators[3-5].

Antibacterial polymers are also recorded as polymer biocides. It was determined that the length of alkyl
fragments and spatial structure in the polymer chain affects on its antibacterial activity. In general, the results
indicate that with increasing alkyl groups these polymers show higher activity. This effect can be explained in
two ways. First, the long chains have more active pores of the adsorption capacity with bacteria cell wall and
cytoplasm membrane. Secondly, aggregation form of long chains is more different than short chains, which also
provides better adsorption [6-8]. From this point fixing antibiotics to polymer composites especially against to the
cancer and synthesis of composites which has long lasting effect in their little concentration currently is in focus
of the world biochemistries [9-11].

The research shows that inclusion of novocaine, insulin, penicillium, tetracycline, ofloxacin, eromomisin
etc. antibiotics with polymers such as poly-N-vinylpirrolidon, polyvinyl alcohol, dextran, etc. into to the body in
mixture form even without chemical bond increases the impact time and decreases toxicity of them [12,13].

Two directions should be noted in the synthesis of polymer derivatives of antibiotics: - the synthesis of
polymer salts and obtaining of "poly-antibiotics” by combination of a covalent bond with polymer chain of
antibiotics®. For example, 50 nm polymer micelles were obtained by fixing doxorubicin to the grafted copolymers
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of polyuronic acids of o-sukcin with chitosan. At this time 73-74% efficiency of encapsulation has been identified
[5,14].

In other work adsorption of doxorubicin hydrochloride from aqueous solution by graphite oxide has been
conducted, kinetic and thermodynamic parameters were determined. It was determined that the adsorption
capacity of the carrier is 1428 mg /g and the adsorption isotherm results conform to Langmuir model. The
adsorption kinetics is a pseudo-second model and adsorption is spontaneous and endothermic [15].

Saman and colleagues [16] prepared nano-zeolite composites with hydrogels based on polyetilenglycol,

polyacrylic acid and polyacrylamide and immobilizied amoxicilin antibiotic. Separation of antibiotics to solution
at pH=7.8 and 6.8 depending on time and amount of nano-zeolite in the composition. It was determined that at
pH = 7.8, 370C 4% nano-zeolite containing composite amoxicillin antibiotic which contains 4% nano zeolite
amoxicillin separation to the solution is 27% during 500 min.
Bonding type of carboxyl derivatives of hyperbranched polyetherpoliols having different fictionalization degree
with doxorubicin drug was investigated. The sizes of aggregates obtained based on doxorubicin-
polyetherpolyacrylic acid is changing between 30-200 nm and they are stable depending on time. Aggregates
can be effectively used for carrying doxorubicin [17].

Taking into account mentioned above, sorption regularities of doxorubicin antibiotic with hydrogel obtained
on the basis of polyacrylic acid (PAA) have been studied and explained the nature of chemical interaction
between antibiotic with hydrogel in the presented project.

It is known that doxorubicin hydrochloride which is used for chemical therapy of blood cancer is the highly
effective anti-neoplastic drug having antracyclic ring. Although it has several side effects such as cardiotoxic,
alopecia, vomiting, stomatitis, it is widely used in medicine. In this regard for decreasing the side effects of
doxorubicin encapsulation by using different polymer materials is in the focus of researchers today.

EXPERIMENTAL

2. MATERIALS

Average molecular mass of polyacrylic acid (PAA) with purity 90% is 230 kDa and was purchased from
Fluca. Methylene-bis-acrylamide (MBAA) which is used as a crosslink agent was supplied by Sigma Aldrich and
both of reactives are used without further purification. Doxorubicin hydrochloride (DOX) code ATX LO1DBO1
from TEVA Pharmaceutical Industries (Israel). Deionized water which is used for preparation of solutions,
diethyl ether - to precipitate PAA and NH,OH, CH3;COONH,, HCI, KOH for buffer solutions are analytical
chemically pure and from Aldrich.

Preparation of hydrogels

100 mg PAA is dissolved in 50 ml deionized water. Crosslink reagent - MBAA in 5, 10, 15, 20 %
of polymer mass is added into solution and mixed 1 hour. The homogeneous solution is poured into
Petri bottle and the solvent is evaporated under normal atmospheric pressure. Thin film is continuously

influenced by UV radiation 4 hours. After irradiation, the samples are washed two-three times
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consistently with deionized water, 0,01N HCI and ethanol. Samples are dried at 313-323 K and

brought to a stable weight [4].

Absorbtion practices

Sorption of DOX was performed with PAA hydrogel by compatible method: 0.5 mg gel obtained
from crosslinking of 5, 10, 15 and 20% ratio (mass) of MBAA is stored 24 hours in 10 ml deionized
water. Then, by adding appropriate 5 ml 1+10 pH it is kept 30 minutes, and DOX solution with 1
mlx10~ mol/l concentration is added and kept 24 hours in dark place.
Then the solution is filtered, after the sorption the concentration is determined by comparing
concentration of antibiotic remained in filtrate and optical density (UV-VIS 1800, SHIMADZU) in
510 nm area with pre-arranged graphic. According to the difference of concentrations, sorption degree

(SD,%) of DOX and sorption capacity (SC, mg /g) of hydrogel for antibiotic are calculated [18].

_ Cbeg _C

—C
— b Tend 100 SC end v

Cbeg g

Here, Cpee and Ceng concentrations of DOX before and after sorption, V-general volume of V-
adsorbed solution, with ml, and - g is the expression of hydrogel with mg.

Depending on concentrations of DOX for studying sorption isotherms [19] we used 0,05 g PAA
which is cross-linked with 10% MBAA showing maximum swelling and sorption degree and sorption
capacity at pH=8. Sorption processes were conducted at constant temperature under static condition by

changing concentration of antibiotic at 0.01, 0.02, 0.03, 0.05, 0.1, 0.2, 0.3 and 0.5 mg/] interval.

Structural analysis

To determine the interaction of functional groups between hydrogel based on PAA and DOX
ultra-violet (UV) (SHIMADZU IR-affinity) and Fourier transformation infrared (FTIR) spectroscopy

methods were used. FTIR spectra were taken at 4000 and 400 cm’ spectral range.

RESULT AND DISCUSSION

It is known that for sorption of organic and inorganic ions of absorbent from aqueous solutions the
main affecting factor is pH of the environment. Because the H" and OH  ions being in solution are
causes to the charging of surface and volume of absorbent in other words hydrogel that is ionization

and this direct affects to the sorption degree of sorbet and sorption capacity of hydrogelzo. In this point
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at the static conditions in the pH=1+10 interval within 24 hours have carried out sorption (in the closed
bottle, dark) of hydrogels which is obtained by crosslinking with MBAA in different % (by weight)
quantity of PAA with DOX and the results are given in Table 1.

Table 1. According to DOX the dependence rate of pH of environment from sorption degree of gel
based on PAA crosslinked 5 + 20% ratio with MBAA. m = 0.5 g, T = 293 K, V = 15 ml,
CDOX = 1)(10_2 I’Ilg/l

pH Sorbtion degree, %
5% MBAA  10% MBAA  15% MBAA 20% MBAA

1 4.26 9.78 6.27 4.52
2 9.34 21.67 14.36 10.27
3 22.41 36.27 29.42 21.76
4 31.64 42.18 36.82 32.41
5 43.16 51.76 48.56 42.63
6 65.76 74.62 70.24 54.82
7 73.46 81.74 78.32 70.46
8 84.26 88.24 85.22 79.16
9 78.36 84.36 81.42 72.86
10 60.24 74.42 68.23 62.74

As it is shown from Table 1 by increasing of pH of environment the sorption degree in the all
samples are increase up to 60-70%. In acidic environments (pH<4) protonization of active functional
groups (>C=0, -OH, and —NH-) occurs in the composition of hydrogels. Both hydrogel and DOX
being same charge can’t provide electrostatic encounter. Also at low pH, being less of swelling degree
of hydrogel prevents to penetrate the antibiotic molecule into pores of the hydrogel. Sorption of
positive charged DOX molecule easily causes deprotonization of hydrogel surface and inversely
negative charging as environment pH getting to alkali. This time from other side in alkali environment
hydrogels transition into high swelling shape also helps increasing of sorption degree.

Also it was determined that when amount of crosslink agent changes, sorption degree changes in
all pH too. It was studied that hydrogel obtained by crosslinking PAA with 10% MBAA maximally
absorbs DOX at the pH=8. It is related with high swelling degree (600%) of hydrogel and rate of
starting concentration of taken DOX at the same pH. Because in pH=8 occurring sorption equilibrium
at the concentration rate is directly related to more optimal swelling degree with the same

concentration rate of hydrogel surface. Though increasing swelling degree of hydrogel after pH=9, the
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sorption degree of DOX decreases. In alkali environment it much more causes discharging of the
antibiotic surface and decreasing hydrophilicity as a result [21].

The above-mentioned results can be seen also in dependence curves of pH environment (figure 1)
of sorption capacity for DOX of hydrogels which obtained by crosslinking of PAA with 5+20%
MBAA.

—a— 5% MBAA

12 ——10% MBAA
15% MBAA

—8— 20% MBAA

10 4

Sorption capacity, mg/gr
Cca
1

6
pH

Figure 1. Dependence curves of pH environment of sorption capacity for DOX of PAA based gel
cross-linked in different % ratio with MBAA.

As it seems in Figure 1.the variation characterization of hydrogel sorption capacity is almost the
same shape with sorption degree. Sorption capacity decreases accordingly to increasing quantity of
crosslink reagent in hydrogel. It is determined that in case sorption capacity for DOX of hydrogel
based on PAA cross-linked with 10% MBAA in pH=8 is 14.12 mg/gr, then sorption capacity of
polymer cross-linked with 20% MBAA is 12.64 mg/gr. It can be explained by decreasing size of pores
in hydrogel despite concentration of functional groups rises by increasing quantity of crosslink
reagents. But comparing hydrogels obtained with presence of 5 and 10% MBAA, high sorption
capacity of hydrogel obtained from with 10% crosslink reagent is related with being optimal or from
spatial point of view and conformationally more acceptable for DOX molecule of internal nets. This
case provides antibiotic molecule to stay more stable and resistant in gel pores. But in polymer cross
linked with 5 % MBAA because gel forming property is not full, sizes of pores are too big and
quantity of active functional groups in crosslink reagents is not enough for taken DOX, so

15,22

concentration gel has little sorption capacity ~~°. Because antibiotic molecule is not surrounded with

enough quantity functional groups, as a result it is not resistant in the gel.
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During research it was studied sorption process of PAA cross-linked with 10% MBAA with 50
mg DOX in 0.01+0.5 mg/l concentration interval in 293 K in pH=8 (Figure 2).

100 -
90 -
80 -
70 A
60
50 - Sorotion degree, %

40 - —&—Sorntion capacity, mg/gr
30 A

20 - ®
10 -
0 n

Initial concentration of DOX, mg/1 x107?

Figure 2. Dependence curves of sorption capacity of 10% cross-linked polyacrylic acid for
doxorubicin and dependence curves of sorption degree on starting concentration of antibiotic

As it seems if DOX concentration is increased from 0.01 mg/l to 0.5 mg, sorption degree
decreases accordingly from 86% to 14%. It is related with increasing concentration of antibiotic in
stable rate of hydrogels taken quantity and the emergence of a state of equilibrium. It is known that gel
will absorb DOX according to equivalent amount of functional groups in it and whichever rate of
antibiotic concentration forms sorption equilibrium the same crosslinking degree is considered optimal
for hydrogel. Meantime, balance constant rate emerged between quantity of DOX absorbed into gel
pores and quantity remaining in solution, influences to this process too. It is determined that sorption
degree in 0.05 mg/l concentration rate of DOX being maximal is equal to 88%. As DOX concentration
increases functional groups in gels are not enough for much more occurring of sorption and so,
sorption capacity rate becomes stable in the next increases of DOX concentration [12,23]. After 0.02
mg/l rate of concentration both of sorption capacity and sorption degree become stable. In the 0.3-0.5
mg/l rate of concentration, despite 20-21 mg/gr of sorption capacity, sorption degree takes 15-18%.
Regarding this, gel based on 0.05 gr PAA cross-linked with 10% MBAA can be optimally and
invariably accepted with DOX for sorption of starting solutions of 0.05-0.1 mg/l concentration in 293

K within 24 hours.



190 To determine kind of chemical interaction between DOX molecule and PAA based gel, structures
191  of starting substances and complexes both are identified with IR spectroscopy methods (Figure 3). We
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Figure 3. FTIR spectroscopy of crosslinked PAA(a) and PAA/DOX composite (b)

It is determined that, absorption strips having frequency of 1430, 1230, 1638 and 3345 cm™ are
observed according to CH,=CH-, >C=0, -OH functional groups in FTIR spectrum of PAA (Figure 3).
But there are absorption strips 1645, 1445, 1650 cm’! specific to CH,=CH-, >CH,, >C=0 and -NH
groups in crosslink reagent. There are observed decreasing intensity in absorption strip belonging to
>CH,; cross-linked polymer spectrum and intensity specific to —CHj group in spectrum. In 290 nm and
450 nm two main maximums are observed in UV spectrum of DOX. In 485 and 525 nm it is assigned
two smaller absorptions. Chemical shifts occur in absorption strips of functional groups belonging to
both of crosslink reagent and polymer in FTIR spectrum of PAA-DOX complex. In FTIR spectrum it
is impossible to track functional groups belonging to DOX as antibiotic quantity is less than 2% in
hydrogel. But it can be determined which functional groups actively participates in absorption for
chemical shifts of absorption strips by PAA and MBAA. So, chemical shifts of absorption strips
specific to >C=0, -OH, -NH-, -CO-NH groups in PAA and MBAA occur to 1670, 1428, 1635, 3340
cm™ area. It has been mentioned that little difference between chemical shifts cause to creating not
covalent bond with DOX and PAA so mainly hydrogen bond and electrostatic interaction created
complex between DOX with PAA.

By 'H and "C NMR spectroscopy it was studied the chemical interaction between the
macromolecule of DOX and the carrier. 'H and '*C NMR spectra of the studied systems are recorded
at room temperature using a Bruker Fourier with operating frequency of 300 MHz. As a solvent used
deuterated water D,O and dimethylsulfoxide DMSO-dg were used. This purpose is to use the PAA,
PAA-Dox model systems with presence of (D,0) solvent (Fig.4-7).
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Figure 6.°C NMR spectrum of PAA
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Figure 7. BC NMR spectrum of PAA/DOX composite

Interaction of DOX with PAA confirms the data by NMR spectroscopy. In 'H NMR spectrum
registered in D,O mixing solutions of DOX and PAA. PAA proton signals are broadened and shifted
toward to more weak fields (Fig.5). At the same time, a 'H NMR spectrum transformation occurs and
some signals. Interaction between DOX with PAA can clearly be seen by the spectra recorded before
and after the application of the DOX on the PAA. Observed signals at 42-40 ppm can be attributed to
C, carbon atoms, and the signals at 36.2-34.6 ppm- Cg to carbon atoms (Fig. 5). During interaction
between DOX with PAA in the NMR spectra there is a noticeable change in the intensity and position
signals of the DOX and PAA. Decrease of the intensity of the signals which is characteristic to
carboxyl and amine groups is observed by this way. However, the obtained spectra do not allow
detailing the nature of this interaction. It requires additional measurements, generally, obtaining of |3C

to obtain spectra for DOX/PAA systems [24].

CONCLUSION

Hydrogel obtained by crosslinking polyacrilic acid with 10% N, N - methylene-bis-acrylamide
maximally absorbs doxorubicin antibiotic in 0.005-0.01 mg/l concentration at the pH=8. At room
temperature during 24 hour static condition sorption rate of DOX is 88% and sorption capacity is 18-
21 mg/l. 2% (1 gr) DOX keeping compositions are used at medical, biotechnology for transportation of

mentioned antibiotic, also is used as a long lasting and effective drug.
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