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The Release of Doxorubicin’s Active Ingredient from
the Hydrogels with Poly (HEMA/Acrylamide/ Itaconic
acid) and Their Biological Function
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ABSTRACT

In this study, Poly (HEMA/Acrylamide/ Itaconic acid) (HAI) polymer was synthesized for
using in the release of Doxorubicin drug. Poly (HEMA/acrylamide/ltaconic acid) (HAI)
hydrogel was prepared by a radical addition reaction in agueous media formed by HEMA,
acrylamide, Itaconic acid, in the presence of TEMED (N,N,N’,N’-tetramethylenediamine).
The characterization of the polymer was performed by FTIR analysis. At the same time,
swelling and drug absorption capabilities of the polymers were analyzed. It has been
observed that the entire drug, which was added to the solution with 0.1 mg of polymer,
was absorbed in around 25 hours. This measurement showed that the absorption of
this polymer is quite high compared to many polymers in the literature. Moreover, this
polymer showed 80% swelling at 1000 minutes. In the light of these results, it has been
concluded that this new polymer is very suitable for the release of Doxorubicin drug.
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INTRODUCTION

Drug-polymer interactions are accepted
as the first step of the controlled release,
where the polymeric structure, in which
active ingredient is adsorbed, is as impor-
tant as the active ingredient of the drug.
Synthesized polymers should not inter-
act with the active ingredient, should be
biocompatible and biodegradable, should
be produced easily and cost effectively.
Network structures that are swellable in
water are called as hydrogels. Hydrogels
are quite useful on controlled drug release
systems because they respond the changes
on pH, temperature, ionic concentration;
they have swelling capability; and they
control the diffusion of drug molecules.
With the macro pores that they have,
they show fast swelling kinetics.

Doxorubicin is an anti-cancer agent that is
frequently used in the research and develop-
ment of drug carrying systems. Doxorubi-

cin, which is a derivative of anthracycline,
makes intercalation into DNA as all other
anthracycline. The full action mechanism
of doxorubicin is complex and not fully
understood yet, however it is guessed
that it interacts with DNA through inter-
calation.! It is known that doxorubicin
interacts by intercalation and prevents its
biosynthesis.> If doxorubicin is present
in the media, the advancement of Topoi-
somerase 1l enzyme, which allows the
opening of DNA, is prevented. During
the replication of DNA, doxorubicin sta-
bilizes the topoisomerase-DNA complex
that is formed after the cut of DNA by
topoisomerase and prevents the reunion
of DNA double helix, thus it stops the
replication of the DNA.** Combined
treatment trials performed using Sirolimus
(rapamycin) and doxorubicin was promis-
ing in healing Akt-positive lymphomas of
mice.” Doxorubicin is also used in HIV
treatment. The immuno-composite that
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was obtained by binding doxorubicin to a monoclonal
mouse antibody could eliminate HIV infection in mice.
Antiretroviral treatment (ART) still leaves some amount
of HIV in the host body. The immuno-composite con-
taining doxorubicin has the potential of being a com-
plementary treatment for destroying cells that continue
to express antigen.’ But, doxorubicin was seen to be
more effective in the soft tissues and in breast cancer.
Acrylamide can usually join radical reactions with
its carbon-carbon double bonds, thus it is a chemi-
cal that is widely seen in the structure of the poly-
mers that were synthesized for drug absorption and
release. In fact, it has been found that it is formed as
a result of heat treatment from foods rich in starch,
after which the studies on its residues remaining in
the body are increasing. The formation of acrylamide
is observed on many foods rich in protein. There are
many studies aiming to remove / decrease if from
the product because it is considered as a potential
carcinogen. Therefore, even though the synthesized
polymer was carefully purified, cytotoxicity tests
were performed for acrylamide.

On the other hand, the risks of HEMA, which

is easily polymerized as acrylamide, to human
health are not know, thus cytotoxicity tests
gained more importance. HEMA  has the

H,C=CCH,COOCH,CH,OH formulas and simi-
lar to acrylamide it can easily join polymerization
through double bonds. Itaconic acid is a white, crys-
tal chemical, with formulas C.HO,. In addition, it
is a chemical whose in wvitro effect against bactetia
was proven.

This study aims to perform the interaction of Poly
(HEMA/Acrylamide/ Itaconic acid) (HAI) polymer
with doxorubicin’s active ingredients, which is used
as an anti-cancer agent, and examine its absorption

capability and cytotoxic impact of the polymers.

MATERIALS AND METHODS

Synthesis of HAI Polymer

Poly (HEMA/actylamide/ Itaconic acid) (HAI)
polymer was prepared by a radical addition reaction.
5 mmol HEMA, 3 mmol acrylamide, and 1, 5 mmol
Ttaconic acid were dissolved in water. 0,1 mmol
EGDMA (Ethylene glycol dimetakrilat) was added
as cross binder, 0,02 mmol APS (ammoniumpersul-
phate) was added for starting polymerization and
0,06 mmol TEMED (N,N,N’,N’-tetramethylenedi-
amine) was added as accelerator, mixed for 1 minute
and filled into pipets; they were hold at 22° C for 24

hours. Then polymers were removed from pipets,
cut in pieces of 3-4 mm, washed with double dis-
tilled water and dried first in air, than in the vacuum
incubator.

Characterization of HAI Polymer

Structural characterization of HAI polymer was
performed through swelling experiments and Fou-
rier Transform Infrared (FTIR).

Cytotoxicity
Cultivation of the Cells

Cell cultivation studies should provide appropriate
conditions and required medium for the existence
and multiplication of the cells iz wvitro environ-
ment. Inactive serum should be definitely added to
the medium for fulfilling the needs of the cells and
acting as a buffer. The medium environment that
we have used in our study was DMEM medium
consisting of 10% Fetal bovine serum (FBS), 1%
L-glutamine, 100 IU/mL penicillin and 10 mg/mL
streptomycin. Cancer cell lines that were produced
in DMEM medium were multiplied in the incubator
at 37°C, with 95% humidity and 5% CO,. Cytotox-
icity tests were performed on Mouse Fibroblast Cell
Lines (1.929) through XTT Test, where 1929 have
been procured from ATTC.

Cytotoxicity Tests

Determination of Composites’ IC,, dosage for
Cancer Cell Lines

IC,, dosage indicates the inhibitot’s concentration
required to kill 50% of the target. IC, dosage of the
composites have been determined by XTT (2, 3-bis
(2-methoxy-4-nitro-5-sulfophenyl)-5-[(phenylamino)
carbonyl]-2H-tetrazolium  hydroxide) test, using
“Cell Proliferation Kit”. Even though XTT is a tet-
razolium salt, it is decomposed by the dehydroge-
nase enzyme, which is present in the mitochondria
of the metabolically active cells, and it is transformed
to formazan, which is soluble in water. The density
of the orange color atising from formazan is propot-
tional to the number of living cells. Cell viability
is determined by reading the density of the orange
color, which has been formed at the end of the incu-
bation period, in a micro plate reader, at 450-475 nm
wavelengths.

At the end of the operation, the concentration that
kills half of the healthy cells is set as IC, value. Sterile
96-wells plates are planted in a way that there is 10x10*
cells in each plate. Meanwhile, for sterilization purposes
polymers were hold under UV light for 4 hours; steril-
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ization was established by holding them in 70% alcohol
for 1 hour and washing with PBS 3 times; afterwards
polymers were placed into wells. Following 24 hours
of incubation, polymers were removed from wells and
XTT kit was applied.

Cytotoxic Impact of HAI Polymer

Cytotoxic impact of HAI polymer was evaluated
using mouse fibroblast cell line (L.929). For ster-
ilization purposes HAI polymer was hold under
UV light for 4 hours. Sterilized polymers were
placed into 10* cell planted plates. Cytotoxicity
analysis were performed after 24 and 48 hours of
incubation, through XTT (2, 3-bis (2-methoxy-4-
nitro-5-sulfophenyl)-5-[(phenyl
2H-tetrazolium hydroxide). Results were expressed

amino)  carbonyl]-

as percent viability.

Polymer (HAI) Doxorubicin Couple

HAI polymers were hold with the active ingredient
of doxorubicin drug in phosphate buffer (PBS) for 5
days, in an incubator at 37°C. Absorption amounts
were calculated through the samples taken from the
solution every day. The samples were read in UV-
Vis at 485 nm wavelengths and it was found that
98% was absorbed at the end of 5th day. Dried poly-
mers were placed into PBS solution for release, in an
incubator at 37°C. The release was monitored for 20
days by reading the samples that were taken in pre-
determined time intervals in UV-Vis at 485 nm. The
drug absorption, which has occurred at physiologi-
cal pH and body temperature (37° C), has provided
the basic approach for the polymer that contains the
active pharmaceutical ingredient to be a bio-mate-
rial.

Figure 1: (a)-(b) FTIR analysis of HAl and Doxorubicin ad-
sorbed HAI polymer
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RESULTS

FTIR

IR specttum of Poly (HEMA/acrylamide/Itaconic
acid) (HAI) polymer is shown in Figure 1a and Fig-
ure 1b In Figure 1 (a) the peak belonging to hydroxyl
peak of the active ingredient is seen at 3257 cm’,
whereas in Figure 1 (b) it was shifted to 3342-3090
cm’! due to HEMA/acrylamide/Itaconic acid poly-
mer. In addition a proton was added to the group
because of the binding of the drug active ingredi-
ent’s to the carbonyl group and alkyl peaks were
observed at 2927 and 2854 cm’. Strong carbonyl
peaks observed at 1708-1667 cm™ in Figure 1 (a) were
shifted to 1647 cm™ at figure 1 (b). Following the
binding of the drug, dense C-C peaks were identified
around 1448 and 1385 cm. Many splits and flout-
ishing were observed on the peaks of the polymer
observed around 1162-1023 cm™ in Figure 1 (a).
Similatly, the peak of the drug observed at 624
cm-1 was seen as two separate peaks in figure 1 (a).
According to FTIR analysis, Doxorubicins active
ingredient was bond to the synthesized polymer.™

Swelling

This polymer showed 170-175% swelling at 1000
minutes, in Figure 2. The swelling properties of
polymer have been saturated > 200% at 1600 min-
utes. In the light of these results, it has been con-
cluded that this new polymer is very suitable for the
release of Doxorubicin drug.’

Adsorption of Doxorubicin’s Active Ingredient on
HAI Polymer

The adsorption of doxorubicin’s active ingredient
on HAI polymer is as given in Figure 3. The adsorp-

L s

Figure 2: Swelling graph of HAI polymer
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Figure 3: Adsorption Amount of the Polymer over Time in
Various Concentrations
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Figure 4: The speed mechanism of the polymer in drug ad-
sorption

tion of the active pharmaceutical ingredient by
HAI polymer was examined between 0.1-0.5 mg/L
concentration levels. It has been observed that the
adsorption of the polymer decreases as the concen-
tration of the active ingredient increases. It has been
found that adsorption amount doesn’t significantly
increases when the concentration of the active ingre-
dient exceeds 0.2 mg/L. However, it was seen that
the increase of the adsorption over time was very
high when 0.1 mg/L active ingredient, which is the
lowest value, is added.

At the end of the study, HA-D polymer released
60% of the active pharmaceutical ingredient.

Adsorption Kinetics

Many methods can be used to explain the kinetic of

a reaction; graphic method is the most practical one.

404

Graphic method can also be used for adsorption speed
equations, in Figure 4.

Therefore, we tried to explain the kinetic by drawing
graphs of 0° (concentration-time), 1° (In(concentration)-
time), 2° (1/ concentration - time) and 3° (1/( con-

- @ = K[drug]’ (1)
[érug] :
g d[drug]’ =k ! dt @
1 1
ingF = M tkt (3)

centration)* time). These graphs are given in Figure
3. In 0° mechanism the slope of concentration-time
graph is negative; in 1° mechanism the slope of In
(concentration)-time graph is also negative; in 2° mech-
anism the slope of 1/ concentration — time is positive;
and in 3° mechanism the slope of 1/( concentration)*
time is also positive. In this case, the graph with the
most linear line determines the degree of the mecha-
nism. It can be seen that it has 3* degree mechanism.’

Equities (3), (4) and (5) are the generic expressions
detived for a 3 degree speed mechanism. Here the
notations show the followings: [drug]: final concentra-
tion of the drug, [drug]: initial concentration of the
drug, t: time, d [...] is a mathematical expression mean-
ing that the term is derivable. As can be seen, equation
(5) 1s similar to a linear equation such as y=a + bx and
the equations of the curves that we have shown in Fig-
ure 4. Thus, adsorption coefficients of the drug on the
polymer may easily be derived from these equations.
Accordinelv the initial speed is 8.654 when adsorp-

A6 = -RTlnk (4)

tion coefficient is around 38.35x1072, half time is 6,651
hours. According to these speed kinetics results, adsorp-
tion speed of the drug may be controlled quite regularly
through this polymer.>” According to Eyring’s transi-
tion state theory, the explicit speed of the mechanism
is proportional to the concentration of the activated
complex and the frequency of the vibration; thus based
on Eyring’s equations the free enthalpy of adsorption
AG?;

Accordingly, AG" = 2.375 kj/mol.
Cytotoxicity
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Figure 5: % Viability of the Polymer (1-Control, 2-HAL,)

As can be seen from Figure 5, the viability ratio of the
polymer was 30% lower than control group. This cyto-
toxicity impact of the polymer may be due to the lack of
polymerization of methacrylate monomers and being
imprisoned in the structure of the polymer. In spite of
the purification, a certain amount of monomer may stay
in the structure. Sorption-based monomers may stay in
the holes of the polymers, which are similar to capillary
vessels. The problems such as the imprisonment of the
excess monomer by being surrounded by the big poly-
mer mass, ot the scattering of the monomer inside the
polymer may be eliminated through various purification
methods, but sorption may be a problem that cannot be
solved with such physical methods. It is known in the lit-
erature that some monomers have cytotoxic impact.'"!
Therefore, cytotoxicity analysis should be performed in
drug release studies. HAI polymer that we have synthe-
sized exhibited low toxic impact.

CONCLUSION

Poly (HEMA/Acrylamide/ Itaconic acid) (HAI) poly-
mers which are soluble in water were prepared by a
radical addition reaction. The characterization of the
polymer was performed by FTIR analysis. The drug
active ingredients to the carbonyl group and alkyl peaks
were observed at 2927 and 2854 cm™ and strong cat-
bonyl peaks observed at 1708-1667 cm™. We also stud-
ied adsorption and kinetics of this polymer. HA-D
polymer released 60% of the active pharmaceutical
ingredient. The kinetic study showed that the adsorp-
tion mechanism of drug-polymer was 3™ degree speed
mechanism. Cytotoxicity test disclosed that this polymer
is less toxic than the other polymers. Consequently, it
has been concluded that these synthesized polymers are
suitable for this active pharmaceutical ingredient.
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PICTORIAL ABSTRACT SUMMARY

R e Poly (HEMA/Acrylamide/ Itaconic acid) polymers
2 2o e cn ‘g - - are suitable for this active pharmaceutical ingredi-
E e E ent.
é . g=s ® | hope that this polymer will useful for drug release.
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