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Abstract

Interpenetrating polymer network Hydrogels (J1-J6) were synthesized
from gelatin, acrylamide and polyethylene glycol by chemical
crosslinking using Gluteraldehyde and bisacrylamide, the hydrogels were
loaded with levofloxacin. The slow release of levofloxacin was studied
by using UV spectroscopy at temperature 37°C and with different pH
(distilled water pH=6.8, SGF pH=1.2 and in SIF pH=8.2), The swelling
of polymers in these solutions was also studied. The results exhibit that
the pH has great effect on swelling ratio of the IPN hydrogels and release
rate of levofloxacin, the hydrogels were showed high swelling ratio and
fast release rate with low and high values of pH (SGF and SIF) compared
with neutral solution. The toxicity of hydrogels was studied which is
shown that the prepared hydrogels are nontoxic. The hydrogels —
levofloxacin delivery were followed as antibacterial activity by Disk
Diffusion Testing on Mueller-Hinton Agar and Broth microdilution
methods over a period of four consecutive days Against two types of
bacteria (Streptococcus mitis and Escherichia coli). The results showed
the continuous release of the Levofloxacin from the polymers with
effectiveness as an antibacterial for four consecutive days.
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1. Introduction

Conventional drug delivery involves the repeated administration of an
active compound to maintain therapeutic levels in the body; this
compromises patient compliance, efficacy and can lead to side effects due
to high doses. Research in drug delivery has therefore focused efforts on
achieving controlled and local drug delivery, using nanostructured
systems, such as liposomes, nanoparticles, membranes and hydrogels ).

Over the last few years, hydrogels as a biomaterial show the advantages
in many ways for their good biodegradability and biocompatibility®?, in
addition to their physiochemistry almost the same as the native (outside
of a cell) matrix which can act as supporting material for drug delivery
system™ ®. An example of the use of hydrogel in drug delivery is
Bacterial cellulose and gelatin successfully used to develop a hydrogel
composite material. Hydrogel was synthesized by copolymerization
between bacterial cellulose and gelatin®, also hydrogel polymers displays
highly attractive features for use in tissue engineering 2.

Interpenetrating polymer networks (IPN) are distinctive “alloys” of
crosslinked polymers that can Leastways one network is manufactured
and/or crosslinked If the other is present Without any covalent bonds ©.
IPN It is considered a mixture of synthetic and natural polymers. IPNs are
often established for adding the defining features of one of the
components while preserving the critical attributes of another, and
Sometimes completely new features are visible that are not observed in
either network. IPNs divided into two types according to the method of
manufacture @°,

Gelrite was wused as a gelling agent in combination with
hydroxypropylmethyl cellulose to create a levofloxacin in situ hydrogel
formulation. The in vitro drug release investigation revealed that the drug
might be released for up to 12 hours. This levofloxacin in situ gel
formulation was shown to be promising and safe for use as an eye
administration system™® The drug has also been used in Chasing bacteria
within the cells using levofloxacin-loaded hyaluronic acid Nano
hydrogels an innovative approach based on the delivery of levofloxacin
from polysaccharide Nano hydrogels for the treatment of bacterial
intracellular infections is described the increase in antibacterial efficacy
of LVF-NHs with respect to that of free LVF was evidenced. The
obtained results allow to conclude that this new approach can be
considered as really promising method for intracellular infection
treatments“?.
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In this study, Levofloxacin (Levaquin®) is a fluoroquinolone
antibacterial agent with a broad spectrum of activity against Gram-
positive and Gram-negative bacteria and atypical respiratory pathogens. It
IS active against both penicillin-susceptible and penicillin-resistant
Streptococcus pneumonia >, was loaded with prepared IPN hydrogels
of gelatin and acrylamide (J1-J6) and study their swelling ratio,
Levofloxacin release rate and antibacterial activity.

2. Materials and Methods
2.1 Chemicals

Chemicals used in this study were obtained from different sources.
Levofloxacin was supplied from TEFIC BIOTECH CO., LIMITED.
Gelatin  powder was supplied from B.D.H. N,N,N",N'-
Tetramethylethylenediamine, Sodium per sulfate, Potassium dihydrogen
phosphate were supplied from Fluka. Acryl amide, Sodium hydroxide
were supplied from Alpha Chemika. N, N'-Methylenebisacrylamide,
Gluteraldehyde (% 25) were supplied from Sigma Aldrich. Sodium
chloride, Polyethylene glycol 1000 were supplied from Merck. Sulfuric
acid was supplied from CHEM-LAB. Hydrochloric acid (%36) was
supplied from R.D.H.

2.2 Preparation of hydrogel polymers J1-J6
2.2.1 Preparation of hydrogel polymers J1-J3

Hydrogel Polymer J1 was prepared by gradually dissolving (5 g) of
Gelatin powder in (50 ml) distilled water with heating at a temperature
less than 50 °C then (1 g) of levofloxacin is added and stirred to obtained
the homogeneous solution, 1 ml of glutaraldehyde and three drops of
H,SO, were added and heating at 60 °C for 30 minutes. The solution from
(5 g) of Acrylamide and (0.7 g) of N,N'-Methylenebisacrylamide in (20
ml) distilled water was added with stirring at (35-30°C) then (1 ml) of
sodium persulfate (10% W/V) as the initiator for the Acryl amide
polymerization process and (0.7 ml) of N,N,N",N'-
Tetramethylethylenediamine (TMED) as an accelerating agent for
initiator dissociation were added with good mixing for three minutes to
completed the polymerization and crosslinking reactions. The resulting
gel is cut into pieces close to the weight, rinsed once with water, and
dried at 30 °C before being stored in an incubator at 20 °C until used.
Schemes 1 were showed the polymerization and crosslinking reactions.
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Scheme 1. (A) Crosslinking reaction of Gelatin with glutaraldehyde; (B)
Polymerization and crosslinking reaction of Acrylamide with bisacrylamide and
(C) Preparation of Interpenetrating polymer networks (IPN Hydrogel)

The IPN hydrogels J2 and J3 were prepared at the same protocol with
different monomers ratio, as shown in table 1. Figure 1 shows the
composition used in the preparation of IPN hydrogels J1-J3.

Table 1. The composition of the prepared IPN hydrogels J1-J3

Sample  Gelatin GA Drug AAmM  Bis AAm Ratio
(9) (mL) 9) (9) ) Gelatin:AAM
J1 5 1 1 5 0.7 1:1
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J2 5 1 1 10 1.4 1:2
J3 5 1 1 15 2.1 1:3

Figure 1. Hydrogel polymers (J1-J3).

2.2.1 Preparation of hydrogel polymers J4-J6

The method established in paragraph (2.2.1) was used to prepare the IPN
(J4-J6) and using the same components except that polyethylene glycol
was added to the first compound with gelatin. Table (2) shows the
composition used in the preparation of IPN hydrogels (J4-J6). Scheme (4)
shows the reactions that take place to prepare gel models of this type,
while Figure (2) represents these prepared polymeric structures.

Table 2. The composition of the prepared IPNs hydrogels J4-J6

Sample Gelatin GA PEG Drug AAm Bis AAm Ratio
(9) @ mh @ () (9) Gelatin:AAM

J4 5 1 5 1 5 0.7 1:1:1

J5 5 1 5 1 10 14 1:1:2

J6 5 1 5 1 15 2.1 1:1:3

Figure 2. Hydrogel polymers (J4-J6).

2.3 Preparation of Simulated Gastric Fluid and Simulated Intestine
Fluid
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The Simulated Gastric Fluid (SGF) and Simulated Intestinal Fluid (SIF)
were prepared. According to the American Medicines Encyclopedia ®.

2.4 Swelling and release studies of prepared hydrogels

The swelling ratio and release rate of the copolymeric hydrogels was
studied in different pH at 37°C. The hydrogels species were immersed in
distilled water (pH=6.9), SGF (pH=2.1) and SIF (pH=8.2) solutions and
at different time intervals. The swelling ratio was calculated according to
the following equation “*%).

Ws-Wd
wd

Swelling ratio = *100%

Where Wy = dry weight of hydrogel and Ws = the weight of the swollen
hydrogels. The release of the phenolic extract was followed using a UV -
vis spectrophotometer with time intervals.

Piece of hydrogel (0.5-0.75 g) were immersed into solutions of SGF, SIF
and distilled water. The rate of the Levofloxacin release was followed by
UV spectrophotometer (T 80 + Spectrophotometer. PG Instrument Ltd.)
at 288 nm in distilled water and 293 nm in SGF solution and 287 nm SIF
solution as a function of time.

2.5 Short-toxicity study on Albino rat
2.5.1 Experimental animals

A group of laboratory rats, all males, weighing (150-200) g, and aged
about six months, were used for a short-term toxicity study. The animals
were housed in polypropylene cages under a cycle (12h light, 12h dark)
and under standard laboratory conditions (temperature 27+20C and
humidity 55+5%). The rats were permitting unrestricted access to
commercial rat food and water while adhering to ethical guidelines and
left for a week for acclimatization.

2.5.2 Acute-toxicity study on Albino rat

Six groups of laboratory rats were tested. Each group consisted of three
rats (all males) and administered with different doses of hydrogel
polymers (J1-J6) loaded with levofloxacin at a rate of (16,18,20) g/kg
orally using a metal tube. The seventh group (six rats) was administered
with hydrogel polymers (J1-J6) without levofloxacin, and the number of
deaths was recorded within (72) hours, while noting the behavioral
changes between the groups and the control group.
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2.6 Biological activity

The tested for antibacterial activity against two types of bacteria,
Streptococcus mitis®® and Escherichia coli®, and the release of
levofloxacin was monitored during a period of four consecutive days, and
the extent of its effectiveness against this type of bacteria. Disk Diffusion
Testi?z%on Mueller-Hinton Agar and Broth microdilution methods were
used .
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Scheme 2. (A) Crosslinking reaction of Gelatin with glutaraldehyde;
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(B) Polymerization and crosslinking reaction of Acrylamide with
bisacrylamide with Poly ethylene glycol and (C) Preparation of
Interpenetrating polymer networks (IPN Hydrogel).

3. Results and discussion
3.1 Drug delivery system

The swelling ratio of the prepared hydrogels was determined as a
function of time in distilled water, SFG and SIF at 37°C for 24 hours. The
pH of the swelling medium is one of the crucial factors affecting a
hydrogel's swelling behavior *®. The swelling ratio results of hydrogels
J1-J3 and J4-J6 are shown in Figure 3.
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Fig.3 Swelling ratio of hydrogels A) J1-J3 and B) J4-J6 in DW, SGF
and SIF

Figure three shows that the swelling ratio increases with the increase in
the amount of acrylamide in the polymeric composition due to the ability
of acrylamide to absorb large amounts of water. Also, the increase in its
swelling ratio in the basic environment due to the partial hydrolysis of the
amide groups under the basic conditions and leads to the formation of
carboxylate ions that are more amenable to bonding with water.

The swelling ratio was clearly reduced when polyethylene glycol was
introduced into the polymeric composition due to the overlap of the
polyethylene glycol chains within the crosslinked chains of gelatin and
acrylamide, which reduces the free volume between the polymer chains.
Also, the formation of hydrogen bonds between the polyethylene glycol
chains with gelatin and acrylamide leads to an increase in the physical
crosslinking between the polymeric chains, thus reducing the swelling
ratio®.  In SGF, a protonation process of the amine groups of the
gelatin will take place, thus increasing the number of the protonation
amine groups along the crosslinked gelatin chains, which leads to an
increase in the osmotic pressure inside the hydrogel network, which leads
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to the swelling of the polymer. In SIF, the carboxylic groups of the
gelatin converted to carboxylate groups leading to a decrease in the
hydrogen bonding between the polyethylene glycol chains with gelatin
and give rise to the swelling ratio increases, as shown in Figure 3 B 22,

3.1.2 Morphology of the prepared hydrogels

The hydrogels (J2) and (J5) were examined by scanning electron
microscopy ®®. Figure 4 (A) represents the dry state of the polymeric
hydrogel structure (Xerogel) of J2. The figure 4 shows that it has a rough,
not smooth, compact surface due to the density of crosslinking, and at the
same time, it has nano-clustered structures on its surface due to the
presence of gelatin Y. At the swelling state, many pores appear on its
surface, but with relatively small sizes. It seems that some of these pores
are formed through top of the nano-clustered structures, while others are
formed on the surface of the hydrogel structure as shown in Figure 4 (B).
The increased of gelatin within the hydrogel composition compared with

gc%lamide led to reduces the size of the pores with the swelling state
5,

Figure 4. SEM of (A)The dry state (Xerogel), (B) swelling state of the
hydrogel J2

When polyethylene glycol was introduced into the hydrogel formula, find
that the hydrogel retained the surface roughness, the Nano-clustered
structures disappeared and the size of the pores increased significantly, as
shown in the Figure (5) for the hydrogel (J5).
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Figure 5. SEM of the swollen state of the hydrogel (J5)

Figure 6 (a-f) shows the release of Levofloxacin at 37 C° in SGF, SIF and
distilled water as a function of time. The obtained results showed that the
Levofloxacin release proceeds more efficiently with increasing of
acrylamide in the hydrogel. The amide groups do not hydrolyze in the
acidic environment and therefore the networks remain in a folded state in
the solution and thus the rate of release remains slower, but in the basic
medium some groups of amides (-CONH,) will partial hydrolysis to
carboxylate ions (-COQ) in the acrylamide chains and lead to electrical
repulsion between carboxylate ions leads to a lengthening in the
formation of polymeric chains, and therefore more solution will spread
between the chains, and accordingly, a higher release rate of the drug will
occur®, for this reason, J1 has the lowest release rate compared with J2
and J3.

The rate of Levofloxacin release from the hydrogels (J4-J6) is somewhat
lower compared to the hydrogels (J1-J3) due to the presence of
polyethylene glycol and led to increase in the crosslinking density.

The Higuchi release equation is the simplest mathematical equations. It
was used to theoretically determine the rate released of levofloxacin as a
function of time. Higuchi equation can be represented in the form %

Q (t) = KH x ty,

Q(t) is the cumulative percentage levofloxacin release, and KH is the
Higuchi dissolution constant. Table 6 shows the Higuchi results with high
value of correlation coefficient R? which confirmed the release
mechanism follows a diffusion control release mechanism ©°.
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Figure 6. The rate release of levofloxacin from hydrogel J1-J3 (A-C) in
distilled water, SGF, and SIF and J4-J6 (D-F) water, SGF, and SIF
respectively.
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Table 3. Higuchi dissolution constant and correlation coefficient (R2)
for released phenolic extract salts from hydrogels (J1-J6) in distilled
water, SGF and SIF.

Distilled water SGF SIF
Hydrogel Ky R’ Ky R? Ky R
J1 38.82872 097444 3654393 098953  34.12162 0.9818
32 4211291 09669  39.10898 0.99008 41.59016  0.96914
13 40.66996 0.96707 39.93928  0.98947  46.87908  0.97937
J4 4205222 0094951 6133813 097925 421091 = 0.97135
J5 407316 = 0094755 43.09513 098188  40.15295  0.97931
16 4017952 094026 36.98347 097674 39.71324  0.97695

Results of Acute-toxicity study on Albino rat

One male rat died during giving a dose of hydrogel polymer J1. At
autopsy the lung, appeared hemorrhagic and there was an excess of fluid
in the thoracic cavity. These findings are consistent with accidental
dosing by the intratracheal route. Apart from this one rat, no deaths or
abnormalities in behavior occurred during the study. Rats were weighed
over four weeks; there were no statistically significant reductions in
body-weight levels in rat. There was obvious fatigue on the rats
immediately after giving them the dose and their loss of appetite for four
hours and after that, the rats returned to their normal activity. There were
no differences or observations between treated and control rats. This
indicates that the prepared hydrogel polymers are non-toxic, based on the
toxicity classification scheme, which considered the material non-toxic in
the absence of deaths in the animals dosed with a concentration (>15
g/kg)®Y. On the other hand, the gelatin and polyacrylamide hydrogels
that were used in preparing the compounds are non-toxic and
biodegradable®? %),

Results of Biological activity

The bacterial activity was studied for four days, Tables 4 and 5 shows the
results. It is clear that the release of the Levofloxacin continued for four
consecutive days due to the inhibition against bacteria of the two types
(Escherichia coli) and (Streptococcus mitis) was continuous and then
gradually decreased. On the other hand, it can be observed from Tables
(4) and (5) that the areas of inhibition in general in (Escherichia coli)
bacteria, began to decrease during the four days compared to
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(Streptococcus mitis) the reason for this is that the antibacterial targets the
bacterial cell wall, and as The wall of bacteria (Streptococcus mitis)
contains a greater amount of protein, which consists of units called
(peptide glycone) and a less amount of (lipoprotein), and thus leads to the
ability of levofloxacin to penetrate the cell wall and inhibit bacterial
growth, while bacteria ( Escherichia coli) contains more lipids and less
peptide glycone and thus is more resistant to the passage of levofloxacin
into the microorganism®. Figure 7 and 8 shows the inhibition zone
diameter of hydrogels J2 and J6 against Streptococcus mitis and
Escherichia coli.

Table 4. The inhibition zone diameter of hydrogels J1-J3 against
Streptococcus mitis and Escherichia coli

J1 J2 J3
Mueller Hinton Broth 21g/I
days Mueller Hinton Agar 38g/I
Zone Inhibition Zone Inhibition Zone Inhibition
(mm) (mm) (mm)
E.coli S.mitis E.coli S.mitis E.coli S.mitis
First day 30 35 30 40 20 40
Second day 25 45 27 45 20 42
Third day 22 50 25 50 19 43
Fourth day 22 35 20 30 19 29

Table 5. The inhibition zone diameter of hydrogels J4-J6 against
Streptococcus mitis and Escherichia coli

J4 J5 J6
Mueller Hinton Broth 219/l
days Mueller Hinton Agar 38g/I
Zone Inhibition Zone Inhibition Zone Inhibition
(mm) (mm) (mm)
E.coli S.mitis E.coli S.mitis E.coli S.mitis
First day 28 45 26 35 25 35
Second day 25 55 24 48 22 50
Third day 23 55 22 47 20 52
Fourth day 23 24 21 30 19 28

184



Journal of Kufa for Chemical Science VOI(2).NO(8) .eeeeeeereeneenscurecssnnsencanss May 2022

First Second Third
day day day

Escherichia coli -ve (J2)

First Second Third Fourth
day day day day
Streptococcus maitis +ve (J2)

Figure 7. The inhibition zone diameter of hydrogels J2 against
Streptococcus mitis and Escherichia coli

Fzrst Secord Thzrd Fourth
day
Escherzchza coli -ve ( J 6)

First Second Third Fourth

day day day day
Streptococcus mitis +ve (J6)

Figure 8. The inhibition zone diameter of hydrogels J6 against
Streptococcus mitis and Escherichia coli

The release and effectiveness of the Levofloxacin released as a
function of time were also monitored using the Broth microdilution
method by spectrophotometric (turbid metric) analysis. The quantitative
of bacterial populations was calculated as mentioned in the literature
at 600 nm according to the ratio law and proportionality the numbers of
bacteria were extracted with different concentrations as shown in the
tables 6 and 7.
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Table 6. Numbers of Escherichia coli bacteria with different
concentrations of the prepared hydrogel polymers

Concentration Absorbance Numbers of bacteria
CFU
Control 1.343 290
Stock 0.003 0.648
1x10? dilution 0.002 0.432
1x10° dilution 0.001 0.216

Control: 10 mL broth solution at constant 1 x 10° CFU,

Stock: 0.5 g hydrogel / 10 mL broth solution

Table 7. Numbers of Streptococcus mitis bacteria with different
concentrations of the prepared hydrogel polymers.

Concentration Absorbence Numbers of bacteria
CFU
Control 0.358 77
Stock 0.023 5
1x10? dilution 0.01 2
1x10° dilution 0.008 1.7

Control: 10 mL broth solution at constant 1 x 10° CFU,
Stock: 0.5 g hydrogel / 10 mL broth solution

Figures 9 and 10 show the behavior of the polymer loaded with the drug
(Stock) compared with the standard solution (Control) that contains
bacteria without hydrogel. The solutions that contain the hydrogel -
levofloxacin delivery remain clear compared to the standard solutions
which became turbid, indicating the effectiveness of the polymer as an
antibacterial for four consecutive days. The effectiveness of the polymer
increased by releasing the Levofloxacin because the solutions became
more transparent with time periods up to four days.

Conclusion

The swelling behavior of the prepared hydrogel IPNs showed a little
effect. Levofloxacin was released with different pH values and distilled
water by up to 90% within eight hours. The release of levofloxacin was
sufficient to give high activity against two types of bacteria ( Escherichia
coli and Streptococcus mitis ) for four days.

186



Journal of Kufa for Chemical Science VOI(2).NO(8) .eeeeeeereeneenscurecssnnsencanss May 2022

First day Second day Third day  Fourth day
Escherichia coli -ve (J1)

First day Second day Thirdday Fourth day

Streptococcus maitis +ve (J1)

Figure 9. Effect of releasing levofloxacin from hydrogel polymer (J1)
as an antibacterial (Broth microdilution)

Third da F thd
Escherichia coli -ve (j4) ‘ > onr v

L

First day Second day Third day Fourth day
Streptococcus mitis +ve d4)

Figure 14. Effect of releasing levofloxacin from hydrogel polymer
(J4) as an antibacterial (Broth microdilution).
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