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Hydrogels based on carboxymethylcellulose (CMC) and gelatin (GEL) crosslinked with epichlorohydrin in alkaline 
environment are polymeric interpenetrated-interconnected network materials, designed for obtaining controlled release 
polymer-drug systems. CMC and GEL are chosen due to their biocompatibility and non-toxicity – compulsory 
conditions for the polymers used in biomedical applications. By modifying the parameters of the crosslinking reaction, 
the obtained networks present different crosslinking degrees and hence different swelling capacities, properties 
determining the quantity of the drug to be included. Hydrogels with the highest swelling degree were loaded with water 
soluble drugs (chloramphenicol - sodium hemisuccinate, ClPh). We have thus obtained systems with diffusion-
controlled release, with zero-order kinetics during most of the release period. These systems prove a high bactericide 
activity, comparable to that of free drugs. 
 
Keywords: Carboxymethylcellulose/gelatin hydrogel, interpenetrated network, drug delivery, microbiological test, 
epichlorohydrin 
 
INTRODUCTION 

By definition, hydrogels represent polymeric 
networks capable of absorbing large quantities of 
water, yet remaining insoluble due to chemical or 
physical crosslinks between individual polymeric 
chains.1,2 

Compared to hydrophobic polymeric networks 
– such as those based on poly(lactic acid) or 
poly(lactic acid-co-glycolic acid) – presenting a 
low water absorption capacity, hydrogels possess 
a series of unique properties, which constitute 
great advantages for their use in biomedical 
applications: the ability to encapsulate 
biomacromolecules (including proteins and DNA) 
due to the absence of hydrophobic interaction, 
which may lead to the denaturation of these 
fragile species;3 relatively accessible achievement 
conditions: most of the reactions are carried out at 
room temperature and the use of organic solvents  

 
is rarely necessary; the ability to gelate in situ, as 
well as to encapsulate active matter; possible 
sensitivity to different environment stimuli (pH, 
temperature4,5); possible bioadhesiveness for the 
release of the active matter, mostly by mucus 
membranes;6 possible in vivo masking of the 
active matter, due to their hydrophobicity; an 
increasing circulating time of the release system 
avoiding immune response and the decrease of 
phagocytar activity;7 possible inclusion of cells 
and growth factors.8 

Hydrogels may be prepared from either natural 
or synthetic polymers. Generally, natural 
polymer-based ones present weak mechanical 
properties, a shortcoming that may be corrected, 
on the one hand, by their biocompatibility and 
biodegradability, and on the other, by the fact that 
they allow the sequence of cellular activity 
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without any repelling inflammatory response 
from the “host” organism. Among natural 
polymers, polysaccharides are interesting, 
compared to synthetic polymers, by the fact that 
they come from living organisms, are 
biocompatible, non-toxic and present major 
physico-chemical properties necessary for 
controlled release applications.9 From this point 
of view, the most extensively studied 
polysaccharides are alginate,10-13 dextran,14-16 
gellan,17 xanthan18 and hyaluronic acid.19,20 The 
choice of the material and the synthesis of the 
polymeric network govern the rate and the release 
of the active matter from the hydrogel.2,9  

The present investigation is devoted to the 
elaboration of hydrogels based on natural 
polymers, such as gelatin (as a protein, obtained 
from the hydrolysis of collagen) and 
carboxymethylcellulose (polysaccharide derived 
from cellulose). Due to their biocompatibility and 
biodegradability properties, proteins and 
polysaccharides have attracted considerable 
attention in biomedical and pharmaceutical 
domains in the last fifteen years.1,20-23 

Gelatin is a very attractive candidate as a raw 
material for obtaining hydrogels, due to its 
gelation ability. Moreover, due to the large 
number of functional groups, gelatin may 
crosslink easily. As a consequence, controlled 
release systems based on gelatin are applicable in 
very wide domains, from tissular engineering24,25 
to controlled release and gene therapy.26,27 
Gelatin,  a natural proteic polymer obtained from 
the hydrolysis of collagen, has an amphoteric 
character, due to the presence of amino and 
carboxylic groups within the macromolecular 
chain. The ratio between the number of acidic and 
basic groups determines the isoelectric pH (pHis). 
This parameter is very important for proteins 
because around this value the protein solutions 
may be anionic (pH > pHis) or cationic (pH < 
pHis).28,29 The isoelectric point of gelatin is around 
4.6. 

The sodium salt of carboxymethylcellulose 
(CMC) is a cellulose ether. According to its 
preparation, the degree of substitution may vary, 
but generally it ranges30 between 0.6-0.95. This 
degree of substitution, as well as the degree of 
polymerization, will determine the solubility, 
viscosity and hardness of the gel.31 CMC with low 
degrees of substitution manifests a thixotropic 
behavior, while the samples with higher degrees 
of substitution lead to pseudo-plastic fluids. At 
low pH values, CMC may be crosslinked using a 

lactone forming reaction of free carboxylic and 
hydroxyl groups.32 

The objective of the present study was to 
obtain biocompatible chemical hydrogels with a 
high swelling ratio in water, which can be 
modulated with the parameters of the crosslinking 
reaction and with the ratio between the two 
polymers (gelatin and carboxymethylcellulose) 
and which will be able to include and release 
biologically active chemicals. The method 
selected for the elaboration of such hydrogels is 
the covalent crosslinking of polymers in aqueous 
solution using epichlorohydrin as a crosslinking 
agent. So far, the literature devoted to such 
hydrogels described them only as microparticles 
by inverse emulsion crosslinking.33  

The work also discusses the influence of 
several crosslinking reaction parameters on the 
gel composition – decisive characteristics of its 
ability to swell in water – and hence its capacity 
to include and release biologically active matter. 
Some systems based on these hydrogels and 
chloramphenicol will be finally elaborated and 
characterized by their bactericide activity and 
drug release kinetics. Chloramphenicol was 
chosen as biologically active matter for several 
reasons: it is water soluble and hence easily 
loaded within hydrogels (acting as a model 
molecule for water soluble drugs), it presents a 
wide antibacterial spectrum (with a bactericide 
activity on gram-negative and gram-positive 
germs). Moreover, as these hydrogels are 
elaborated for ophthalmic applications, they are 
often used for treating some eye infections, in 
association with other ophthalmic drugs. 

 
MATERIALS AND METHODS 
Materials 

Sodium carboxymethylcellulose salt (CMC:DS = 
0.75) was supplied by Fluka and A-type gelatin 
(GEL:NH2 = 0.954 mmol/g, pHizo = 6.73, average 
molar mass 100,000 g/mol) by Merck. Epichlorohydrin 
(EpCl), from Sigma Aldrich, and chloramphenicol (or 
sodium hemisuccinate, ClPh), from S.C. Antibiotice 
(Iaşi, Romania), were used without further purification. 
 
Obtention of hydrogels 

Adequate quantities of CMC, GEL and distilled 
water were introduced into a beaker. The mixture was 
stirred until a homogeneous viscous solution was 
obtained. 0.8 mL NaOH (40%) was added dropwise to 
reach an intensely alkaline environment (pH = 10 ÷ 
12). The crosslinking agent (epichlorohydrin, EpCl) 
was added dropwise under continuous stirring. The 
reaction medium was spread out as a paste between 
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two glass plates and then introduced in an oven at 45 
°C. 

When the reaction was finished, the hydrogel films 
were separated from the glass plates and washed with 
distilled water to remove unreacted chemicals. Three 
successive washing–extraction steps with 400 ml of 
hot water (45 °C) were carried out for 24 hours. 
Finally, water traces were extracted from the films 
with acetone, in a Soxhlet apparatus, and the films 
were dried in an oven at 45 °C. The influence that 
different crosslinking reaction parameters (such as the 
GEL concentration in the initial mixture, the ratio 
between the crosslinking agent and the polymer 
mixture (rAP), the polymer solution concentration (Cp) 
and the reaction duration (tr)) exert on the properties of 
hydrogels was studied (Table 1). 
 
Methods 

The hydrogels were characterized by the 
composition of the obtained network, the swelling 
properties in water, the inclusion and release kinetics 

of chloramphenicol (ClPh) and the bactericide activity 
of hydrogels charged with ClPh. 
 
Characterization methods 

Scanning Electron Microscopy: images were 
obtained from a TESLA BS 3001 microscope (from 
the Czech Republic). The sample, partially swollen in 
ethyleneglycol, was fixed with an electroconducting 
glue and covered with gold powder. 

FTIR spectroscopy was carried out on KBr pellets 
using a FT-IR BONEM 104B spectrometer (Canada). 

The composition of the hydrogels was determined 
from the nitrogen content (contained within gelatin) 
using the Kjeldahl method.34 

Swelling kinetics and the maximum swelling 
degree, determined by the Dogadkin method,35 were 
calculated (in %) by the relation:  

100⋅
−

=
d

ds
t m

mm
Q    where Qt is the swelling degree at 

time t, ms is the weight of swollen hydrogel at time t 
and md is the weight of dry hydrogel. 

 
 

Table 1 
Reaction parameters for hydrogel synthesis based on CMC and GEL 

 

Parameter 
code 

Sample 
code 

CMC, 
% 

GEL, 
% 

Polymer/Crosslinking 
agent ratio, 
rPE, wt/wt 

Crosslinking 
time, 
tR, h 

Total polymer 
concentration 

of solution 
CP, %; (wt/v) 

G1 20 80 
G2 40 60 
G3 60 40 
G4 80 20 
G5 50 50 
G6 0 100 

1G 

G7 100 0 

2.5 4 11.135 

G-lllA 3.125 
G3 2.5 
G-lllB 2.083 2G 

G-lllC 

60 40 

1.7857 

4 11.135 

G-lll1 3 
G3 4 
G-lll2 5 3G 

G-lll3 

60 40 2.5 

2 

11.135 

G-llla 12.755 
G3 11.135 
G-lllb 8.9606 4G 

G-lllc 

60 40 2.5 4 

7.3206 
The measurement of the swelling degree was performed at 25 °C using twice distilled water as a swelling agent 
 
Inclusion and release of chloramphenicol in/from the 
hydrogel 

The inclusion of chloramphenicol was carried out 
by diffusion. The dry hydrogel was suspended in 25 ml 
of 2% (wt/v) chloramphenicol solution. The 
concentration of the drug in the initial solution was 
determined by UV spectroscopy, using a UV CADAS 

100 spectrophotometer (Germany), at a wavelength of 
279 nm (after a calibration curve was established). 

The kinetics of drug diffusion in the hydrogel was 
evaluated from the measurement of the drug 
concentration in the supernatant at different time 
periods. The difference between the initial drug 
concentration and its concentration at time t in the 
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solution allows the calculation of the quantity of the 
drug included in the hydrogel. 

The drug release was studied under static 
conditions. The dry sample (with the included drug) 
was suspended in twice distilled water. From time to 
time, a 0.1 ml aliquot of solution was taken, diluted to 
10 ml with water, while the drug concentration was 
measured from the UV calibration curve. 

 
Antimicrobial activity 

The antimicrobial activity of hydrogels was 
evaluated from their capacity to inhibit gram-positive 
germs (Staphylococcus aureus ATCC25923). Bacterial 
cultures were sowed on a glass support, according to 
the Mueller-Hinton method,36 and inhibited for 24 
hours at 37 °C. After 24 hours, the diameter of the 
inhibitory zone of the bacterial culture was measured. 
 
RESULTS AND DISCUSSION 

As the polymers under analysis have 
functional groups able to react with 
epichlorohydrin, the material obtained will have a 
complex structure, as an interpenetrated–
interconnected network. The reactions that may 
occur are schematized in Figure 1. 

FTIR spectral data were used to confirm the 
crosslinking of gelatin and CMC chains by EpCl. 
FTIR spectra of the NaCMC (curve a), gelatin 
(curve b) and G3 hydrogel (curve c) are compared 
in Figure 2. In the case of gelatin, a characteristic 
band due to N–H stretching is observed at 3416 
cm-1. The N–H bending vibration is assigned to 
the band observed at 1402 cm-1. Aliphatic C–H 
stretching is observed at 2926 cm-1, while 
aliphatic C–H bending vibrations are observed at 
1450 and 1402 cm-1. The band appearing at 1638 
cm-1 indicates amide I band, while the band at 
1327 cm-1 is assigned to the C–N bond stretching 
vibrations. NaCMC shows bands at 3416 and 
3238 cm-1 due to O–H stretching vibrations. The 
distant band at 2986 cm-1 shows aliphatic C–H 
stretching vibrations, but those appearing at 1618 
and 1420 cm-1 are due to the asymmetric and 
symmetric stretching of the carboxylate group, 
respectively. The bands found at 1108 and 1060 
cm-1 represent C–O–C stretching vibrations.37,38 

Hydrogel morphology was macroporous, as 
evidenced by scanning electron microscopy 
photographs (Fig. 3). 

  
 

 
Figure 1: Crosslinking reactions with epichlorohydrin, occurring in carboxymethylcellulose-gelatin mixture 
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Figure 2: FTIR spectra for gelatine (GEL), carboxymethylcellulose (CMC) and gelatin-carboxymethylcellulose based 

hydrogel (CMC:GEL = 60:40, rPE = 2.5, tR = 4 h, Cp = 11.135%, T = 45 °C) 
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Figure 3: Scanning Electronic Microscopy images of G3 hydrogel 
(A – 305 x, B – 410 x, C – 2440 x, D – 4880 x) 

 
Hydrogel composition 

Hydrogel composition is strongly influenced 
by the crosslinking reaction parameters, including 
the initial composition of the polymer mixture. 
For 1G hydrogels, it was noticed that the increase 
of the initial GEL content leads to an increase of 
the protein amount in the final hydrogel, which 
never exceeded 10% (Fig. 4). 

Apparently, the free amine groups of GEL 
present a higher reactivity for EpCl, with respect 
to hydroxyl groups of CMC; thus the results 
obtained could be surprising. A valid explanation 
is that the strong alkaline environment and the 
temperature (45 °C) will affect the protein, 
causing its degradation and the formation of 
shorter chains with increased solubility, which are 
removed during the purification procedures.39-43 

The networks, which present a high content of 
GEL, are obtained by increasing the amount of 
the crosslinking agent with respect to the total 
amount of the polymers (Fig. 5). The decreasing 
polymer/crosslinking agent value (rPE), which 
means the increase of EpCl quantity in the 
system, will contribute to the GEL enrichment of 
the network.  
An increased amount of the crosslinking agent 
implies the increase of the crosslinking density. 
Consequently, many gelatin chains are 
immobilized within the network and cannot be 
removed by successive washings with water. 

Finally, while the ratio between polymers (40% 
GEL), that between polymers and epichlorohydrin 
(rPE = 2.5), and the reaction time (4 hours) were 
kept constant, the total polymer concentration – a 
parameter with a low influence on the gelatin 
content in the hydrogel – was varied (Table 2).  
 

Table 2 
GEL content in hydrogels as a function of polymer 

concentration in solution 
 

Polymer concentration in 
solution 
 (%) 

GEL content in 
hydrogel 

(%) 
7.32 8.8 
8.96 9.5 
11.16 6.6 
12.76 5.7 

Crosslinking conditions: T = 45 ˚C; tR = 4 h; rPE = 2.5; 
CMC:GEL = 60:40 
 

At the highest polymer concentration, the 
decrease in the GEL content may be explained by 
the greater participation of the polysaccharide 
(CMC) in the reaction, due to the higher 
proximity of the polysaccharide chains within the 
solution, leading to an increase in the crosslinking 
ability of CMC chains (as previously 
demonstrated in the typical crosslinking reactions 
of polysaccharides). It was observed that the yield 
in the hydrogel formation (defined as the ratio 
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between the weight of dry hydrogel and the total 
weight of reagents) decreased with total polymer 
concentration (8.8% for a total polymer content of 

7.3%, compared to 5.7% for a total polymer 
content of 12.7%). 
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Figure 4: Gelatin (GEL) composition of hydrogels 
as a function of the initial gelatine (GEL) 
concentration in the polymer mixture (crosslinking 
conditions: T = 45 ˚C; tR = 4 h; rPE = 2.5; Cp = 
11.135%) 

Figure 5: Influence of epichlorhydrin concentration 
on the gelatin (GEL) content of hydrogels 
(crosslinking conditions: T = 45 ˚C; tR = 4 h; 
CMC:GEL = 60:40; Cp = 11.135%) 
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Figure 6: Variation of gelatin (GEL) content in hydrogels with crosslinking time (crosslinking conditions: T = 45 ˚C; 
CMC:GEL = 60:40; rPE = 2.5; Cp = 11.135%) 

 
 
Hydrogel swelling  

The experimental data shown in Figure 7 
indicate a kinetics of the swelling process typical 
of hydrogels. The swelling degree tends towards a 
limit value, which is specific to each of the 
hydrogels. In the same manner, the time 
necessary to reach this threshold depends on the 
elaboration conditions of the hydrogel. The large 
value of the maximum swelling degree (up to 
5200%) classifies these hydrogels within the 
“superabsorbant” grade. In Figure 8, the 
maximum swelling degree (measured from Fig. 7) 
was plotted as a function of the crosslinking 

reaction parameters. It was observed that Figures 
8a and 8c are very similar to Figures 4 and 6. This 
demonstrates that the major parameter is the GEL 
content. Davidson and Sittig 44 have studied the 
hygroscopy of polysaccharides and they found 
that proteins (among them, gelatin) absorb a 
higher amount of water than 
carboxymethylcellulose, due to the higher 
quantity of polar groups per monomeric unit. Due 
to this difference in water affinity, the higher the 
gelatin content is in the hydrogel, the higher its 
swelling degree. 
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Figure 8: Variation of maximum swelling ratio as a function of the gelatine (GEL) content for different crosslinking 
reaction parameters: a – gelatin content in the polymer mixture; b – polymer mixture/crosslinking agent ratio; c – 
reaction duration; d – total polymer concentration in the solution 
 
Hydrogels and chloramphenicol 
Inclusion of chloramphenicol 

The inclusion of chloramphenicol was 
performed through a diffusion process in the 
elaborated networks. The kinetic profile of the 
inclusion curves is typical of the absorption 
process of a chemical dissolved by a solid 
support. After the equilibrium is installed, from 
the initial and final values of the drug amount in 
the solution, the amount of immobilized drug per 
gram of dry hydrogel was calculated (Fig. 9). 

Hydrogels can include high amounts of drug, 
varying from 25 to 198.7mg ClPh/g hydrogel. 
The time needed to reach the diffusion 
equilibrium varies from 200 to 250 minutes 
depending on the hydrogel composition. It can be 
also observed that there is a similarity between 
swelling and ClPh loading kinetics, the only 
difference being the time necessary to reach the 
equilibrium. This last aspect could be explained 
by the difference in the dimensions of the two 
molecules: the water having much smaller 

molecules than ClPh has, its diffusion capacity is 
higher. 

The higher the GEL contents of the hydrogel, 
the higher the swelling degree and the quantity of 
included ClPh. Moreover, CMC is an anionic 
polymer like ClPh. As a consequence, repulsive 
interactions occur between these chemicals and 
the quantity of included drug decreases. When the 
variation of the maximum content of included 
drug was plotted as a function of the parameters 
of the crosslinking reaction and as a function of 
the gelatin content, a similar evolution with that 
of the maximum swelling degree was observed 
(Fig. 10).  
 
Drug release from hydrogels 

The variation in the released drug quantity 
with time was plotted in Figure 11. The release 
process is slower than the inclusion one (compare 
with Fig. 9) and the quantity of the released drug 
reaches a constant value after about 90-120 
minutes. Large discrepancies exist as to the 
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quantity of GEL in the hydrogel. This is due to 
the repulsive electrostatic interactions between 
CMC and chloramphenicol and hence the weaker 
binding of the drug within the CMC based 
hydrogel.  

The major part of chloramphenicol is released 
during the first 150 minutes, as demonstrated by 
the release rate (Fig. 12). A “burst effect” appears 
clearly in the first release minutes, due to a very 
quick release of the drug fixed to the surface or 
within the upper layers of the hydrogel, which is a 
typical effect of diffusion-controlled polymer-
drug systems. After this effect, the release rate 
decreases and stays constant during a wide time 
range (up to a minimum of 1200 minutes). 

It is well known that the release processes of 
small size molecules within or from hydrogels are 
controlled by diffusion. Many transport models 
were proposed. Among them, the most often cited 
and used is the Korsemeyer-Peppas one. 
According to this model, the drug transport 

process by the hydrogel may be described by the 
relation45 Mt/M∞ = k·tn ,where Mt and M∞ 
represent the total quantity of low molecular 
weight chemical released at time t, respectively at 
the end of the release process. The n value may be 
determined from the experimental data, while the 
deviation from the 0.5 value informs on the 
validity of the Fickian transport mechanism. The 
results are plotted for different hydrogels with the 
same composition, but at different crosslinking 
time values, in Figure 13 and n values are given 
in Table 3. The transport mechanism differs from 
the Fickian model, with the gels presenting a 
crosslinking time tR of 5 hours. The deviation may 
be due to the porosity of hydrogels, which 
perturbed the diffusion laws related to the 
relaxation of the chain segments between 
crosslinking sites (we have demonstrated that our 
hydrogels are macroporous, see Fig. 3), or the 
consequence of ionic interactions between the 
drug and the network.  
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Figure 9: Inclusion kinetics of chloramphenicol (ClPh) in hydrogels with different gelatin (GEL) contents in the 

polymer mixture 
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Figure 10: Variation of the maximum drug amount included as a function of the gelatin (GEL) content for different 
crosslinking reaction parameters: a – gelatin content in the polymer mixture; b – polymer mixture/crosslinking agent 
ratio; c – reaction duration; d – total polymer concentration in solution 

 



Carboxymethylcellulose- and gelatin-based hydrogels 

 149

 
 
 
 

Table 3 
Values of n coefficient in the Korsemeyer-Peppas model equation 

 
Code tR Release 

n 
G-III3 2 0.57 
G-III1 3 0.63 
G3 4 0.65 
G-III2 5 0.51 

 
Considering the polysaccharide-based 

hydrogels we have previously studied,46-52 these 
hydrogels do not present a different behavior. But 
they are interesting for the ophthalmic 
applications considered. Indeed, such materials do 
have a certain grip – called mucoadhesivity – to 
the eye conjunctival mucous membrane, avoiding 
to be quickly removed by the reflex winking 
when a foreign body is introduced in the 
conjunctival bag. Even if polysaccharides have a 
sufficiently mucoadhesive character, the 
association with gelatin increases it. From this 
point of view, the hydrogels we have studied in 
this paper are superior to those based on 
polysaccharides and poly(vinyl alcohol). 
 
Bactericide activity of the polymer-drug 
systems obtained  

On the plates sown with the microbial culture, 
an inhibition zone appears either near the free 
drug or near the drug-charged hydrogel (Fig. 13). 
The inhibition zone is smaller for the polymer-
drug system, as compared to the free drug, due to 
the fact that the drug was not completely released 

after 24 hours. No inhibition zone was observed 
for the gel without any included drug, which 
demonstrates that our polymer-drug systems 
manifest an antibacterial activity.53 
 
CONCLUSIONS 

GEL- and CMC-based hydrogels, crosslinked 
with EpCl, were developed. Crosslinking was 
proved by FTIR spectroscopy and between 3 and 
16% GEL is present in the elaborated hydrogels. 
The differences in the composition of hydrogels 
were correlated with the crosslinking agent (and 
the highly alkaline environment) and with the 
parameters of the crosslinking reaction. 

The maximum swelling degree varies between 
1140% and 5190%, the characteristics of 
hydrogel swelling depending on the composition 
and the parameters of the crosslinking reaction. 

The hydrogels load and release the ClPh by 
diffusion. The loading and release degrees were 
correlated with different swelling degrees, which 
depend on the crosslinking reaction conditions. 
The release of the ClPh follows zero-order release 
kinetics.  
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Figure 11: Chloramphenicol (ClPh) release kinetics 
of hydrogels differing as to the gelatin (GEL) 
content in the polymer mixture 

Figure 12: Chloramphenicol (ClPh) release kinetics of 
hydrogels differing as to the gelatin (GEL) 
composition of the initial polymer mixtures 
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All these properties (swelling, inclusion and 

release of chloramphenicol) depend directly on 
the gelatin content of hydrogels.  

The hydrogels loaded with chloramphenicol 
present a high bactericide activity. 
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