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ABSTRACT
Chitosan/gelatine-based materials have been widely used as biocompatible scaffolds in the tissue
engineering field. Chitosan suppresses the inflammatory activities of macrophages whereas gelatine
induces inflammatory cytokine production by these cells. Cryogel form of the scaffolds created an
effect that was mostly dominated by chitosan activity. Since independent of chitosan to gelatine ratio,
the cryogels eliminated the inflammatory cytokine production by the activated macrophages. This will
enable suppression of inflammatory reactions by macrophages during implant procedure while ena-
bling a nest of the matrix for the macrophages to reside. Determining the immunomodulatory effect
of these materials during the decay is crucial to assess their biocompatibility and safety. Our results
suggest that when the chitosan ratio was higher than that of gelatine the materials had anti-inflamma-
tory activity in their powder forms based on TNFa production levels by LPS activated macrophages,
whereas higher gelatine to chitosan ratio eliminated this effect. To our knowledge, this is the first study
to assess the powder vs. gel forms of the chitosan/gelatine-based materials for their immunomodula-
tory potentials as well as how the ratio of chitosan to gelatine might affect these materials immuno-
modulatory effects on the activated macrophages.

HIGHLIGHTS

� Chitosan/gelatin composite cryogels have anti-inflammatory activities.
� Different ratios of chitosan to gelatin content altered the immunomodulatory activities.
� They can be safely and effectively used as implant materials for tissue engineering applications.
� They will also reduce the use of anti-inflammatory drugs during implantation.
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Introduction

Scaffolds are biomaterials produced with an engineering
approach that functions to create and maintain a space for
tissue growth, provide mechanical stability, support cell
adhesion, migration, and differentiation, and are at the heart
of the tissue engineering strategy [1]. These materials should
have physical and chemical properties similar to the extracel-
lular matrix of natural tissue to prevent toxicity and enable
biocompatibility. It is a great advantage that natural polymers
can be used to achieve this unique property.

Natural materials, such as chitosan, gelatine, alginate, col-
lagen, pectin, and fibrin are biocompatible in nature, support
cell adhesion, degrade to allow new tissue formation, and
their degradation products are non-toxic. To date, we have
designed many series of composite cryogel scaffolds based
on chitosan for potential tissue engineering applications
[2–4]. Chitosan is a cationic polysaccharide, which is derived
from chitin, used in regenerative medicine due to its biocom-
patibility, biodegradation, antimicrobial, antioxidant, and

immunogenic properties [5]. However, due to disadvantages,
such as uncontrolled degradation, cell binding ability, and
insufficient mechanical properties, the use of chitosan alone
still cannot meet tissue engineering requirements. To over-
come these problems and minimize the disadvantages of sin-
gle-component chitosan materials, two or more biopolymers
have been combined to develop hybrid biocomposites with
superior properties. One of the strategies was based on load-
ing the chitosan materials with other biocompatible and
functional biomaterials, such as curcumin. Curcumin loading
of chitosan film leads to better wound healing activities com-
pared to unloaded ones [5]. In another example, chitosan
loaded with liposomes of Vitamin E exerted high efficacies as
myocardial repair materials. In one study reported by Kumar
et al., the gelatine was added to chitosan scaffolds produced
by the freeze-drying method to eliminate the deficiencies
caused by chitosan [5]. In addition, it has been reported ear-
lier in another study that the combination of chitosan and
gelatine effectively promotes cell differentiation and prolifer-
ation [6,7]. In differentiation studies mostly the cells with
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osteogenic backgrounds are utilized in the presence of chito-
san/gelatine-based materials. In those studies, a cell line with
an osteogenic background (such as rat bone marrow stromal
cells, osteogenic progenitor cells, etc.) is utilized in flow per-
fusion bioreactors to enable nutrients, oxygen, and mechanic
stimuli for cell differentiation. Then the formation of bone
extracellular matrix is followed to determine the level of dif-
ferentiation [6,7].

Besides all these, the immunomodulatory roles of chito-
san-based scaffolds prepared with different proportions of
gelatine have not been demonstrated before [8]. Since the
immune response is one of the most important problems
encountered, especially in implanting biomaterial scaffolds, it
is important to decipher these materials’ effects on the
immune cells. Medical devices and tissue-engineered con-
structs may induce an inflammatory reaction, termed foreign
body reaction (FBR), after their in vivo implantation.
Moreover, some of the materials have a slow decay process
which can also alter the function of the immune cells. In
most cases, steroids or non-steroid-based anti-inflammatory
drugs are given to patients who have gone through implant
procedures. Therefore, having biocompatible materials that
can suppress the inflammatory reactions might become
advantageous in this sense and may prevent excessive usage
of anti-inflammatory drug molecules [9–12].

In this study, we demonstrated mean pore size, porosity,
mechanical properties, and degradation behaviour of chito-
san:gelatine cryogels prepared at different chitosan and gel-
atine ratio, and then investigated the immunomodulatory
properties of the secryogels both in gel and powder forms.
Gel form represents the material in its final form to be used
or implanted whereas powder form was used to determine
the immunomodulatory activities during decay (although
would occur in small scale and slow rate). Mammalian macro-
phages were seeded either on different cryogels or incubated
with the powder form of these different cryogel formulations.
Macrophages are well-known for their inflammatory poten-
tials and primary roles during implant rejection [13]. Pro-
inflammatory cytokines TNFa and IL6 were analyzed and their
production levels were compared to only LPS stimulant acti-
vated groups as positive controls. TNFa cytokine is well-
known for its role in implant failures and rejections [14]. IL6
is another pro-inflammatory cytokine that has a major role in
implant and organ rejection reactions [15–17].

Our results suggest that these cryogels have anti-inflam-
matory activities and different ratios of chitosan to gelatine
content altered the immunomodulatory activities of the cryo-
gels. These materials can be safely and effectively used as
implant materials that can suppress the inflammatory activ-
ities of the macrophages so that the implant would not be
rejected and would decrease the usage of anti-inflammatory
drugs during the procedures.

Materials and methods

Materials

Chitosan with low molecular weight (75–85% deacetylated,
Catalog number: 448869) and ethanol (absolute, Catalog

number: 1.00983.2511) were purchased from Sigma Aldrich,
USA. Gelatine (Microbiology, 1.04070.0500), glutaraldehyde
(25%, Catalog number: 354400), and glacial acetic acid
(100%, Catalog number: 1.00063.2511) were received from
Merck, Germany. Aqueous solutions and dilutions in experi-
ments were prepared with distilled water.

Fabrication of chitosan-based cryogels

Plain chitosan cryogels were prepared by dissolving the cal-
culated amount of chitosan (2%, w/v) in 10ml of 6% acetic
acid solution. 2.5ml of 6% (v/v) glutaraldehyde solution was
added to the obtained homogeneous mixture and the solu-
tion was rapidly poured into the 2.5ml of plastic syringes
and incubated at �16 �C for 2 h. At the end of the incubation
time, all samples were stored for 24 h in the freezer at
�16 �C. After 24 h, cryogels were formed and removed from
the syringes safely which were immersed in the distilled
water to remove the unreacted ingredients including polymer
and crosslinking agent residues. The several times washed
samples were then freeze-dried. The dried specimens were
prepared in two different ways for later in vitro analysis: cylin-
drical samples with a height of 3mm to fit into each well of
24 well and 96 well plate, and powder form prepared by
grinding in a mortar. The prepared samples were kept in the
refrigerator at þ4 �C.

For the fabrication of chitosan:gelatine composite cryo-
gels, gelatine was added at different ratios to the prepared
chitosan solutions in acetic acid. Composite cryogels were
prepared as described above after the mixture of chitosan:ge-
latine polymer solution was prepared in the proportions pre-
sented in Table 1.

Morphological observations and pore size measurement

The morphology of the fabricated cryogel scaffolds was
determined by scanning electron microscope (SEM, Supra 55,
Zeiss, Germany) with an operating voltage of 5 kV. The dried
cryogels were cut to expose their inner structure and coated
with platinum using a sputter coater before SEM examina-
tions. The pore size was quantified with Image-J software.
The mean pore diameter of each sample was calculated by
averaging at least 30 pore diameters measured from SEM
images taken at low magnifications.

Porosity

Porosity was calculated by dividing the volume of the cryogel
(Vc) by the pore volume (Vp) using the ethanol infiltration
method. While the cryogel volume was calculated using the
height and diameter of the sample, the pore volume was

Table 1. The sample names and polymer ratios between the synthesized cryo-
gel scaffolds.

Sample name Chitosan (g) Gelatine (g)

100:0 (1) 0.20 –
75:25 (2) 0.15 0.05
50:50 (3) 0.10 0.10
25:75 (4) 0.05 0.15
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determined as follows: The dry cryogel sample was weighed
(Wi) and then incubated in absolute ethanol (with density at
room temperature, qe ¼ 0.805mg/mL) for at least 15min.
After that time, the excess ethanol on the surface of the sam-
ple was removed by a filter paper and weighed immediately
(Wf). Vp was defined according to the following equation:

Vp ¼ Wf �Wið Þ=qe (1)

Finally, the porosity of the cryogels was determined as fol-
lows:

Porosity,% ¼ Vp=Vcð Þ � 100 (2)

Mechanical properties

The mechanical stability of cryogels was determined using a
texture analyzer (TA.XT. Plus Texture Analyzer, Stable Micro
Systems, Surrey, UK). The measurement was carried out at
room temperature in a dry state according to the method
used in previous studies [3,18,19]. Before measurements, the
cryogels with a diameter of 0.9 cm were cut transversely at a
height of 3 cm. The tests were performed at a compression
speed of 0.1mm/s and compression force of a 5 kg load cell.
The samples were compressed 2mm in a longitudinal direc-
tion after having reached a trigger load of 1 g. Mechanical
properties were evaluated with calculated compressive
strength data.

In vitro degradation

The in vitro degradation behaviour was studied based on the
weight loss of cryogels after immersion in distilled water for
28 days. For this, firstly, the completely dried gels were
weighed (Wo). Afterwards, the samples were placed in plastic
tubes filled with 10ml of distilled water, and the tubes were
placed in a water bath (Daihan, WiseBath WB-22, Korea) at
37 �C. The samples were withdrawn at 14 and 28days, dried
using lyophilization and weighed (Wt). Using the data
obtained, the degradation rate of cryogels was calculated
with the following equation:

Degradation Rate,% ¼ Wo�Wtð Þ=Wo
� � � 100 (3)

In vitro experimental studies

Murine macrophage cell line RAW 264.7 was previously pur-
chased from ATCC. The cell growth was achieved in 1640
RPMI media containing 10% FBS and 1% Pen/Strep antibiot-
ics. An incubator with 37 �C 5% CO2conditions was utilized to
grow the cells and conduct the experiments. 24 well plates
containing 1� 106 cells/mL concentration per well were used
for the stimulations. Negative and positive groups lacked any
chemicals. 1 mg/mL of the final concentration of LPS (Isolated
from E.coli and purchased from ENZO) was used for the posi-
tive control group and also to stimulate the cells with cryo-
gels or powder form of the cryogels. Ten and 100 mg/mL of
powder form of the cryogels were used to treat the cells. In
a separate set of experiments gel form of each cryogel type

was used to cover the bottom of each well of 24 well plates.
1� 106 cells/mL was added to each well-covered with cryo-
gel and the cells were rested on these cryogels overnight.
Later on, the cells were activated by 1mg/mL of LPS for 24 h.
After the incubation period, the media were collected for
TNFa and IL6 ELISAs (BD kits) by following the procedures
described in our previous publications [20].

The cells were further analyzed by SEM (SEM, Supra 55,
Zeiss, Germany). Before SEM analysis, cell-seeded scaffold
samples were fixed with glutaraldehyde solution (2.5%, v/v)
for 2 h at 4 �C in a refrigerator. Then, the glutaraldehyde solu-
tion was removed and samples were washed with sterile PBS.
Later on, PBS solution was eliminated and dehydration pro-
cedure was done with a series of alcohol solutions for 10min
(50, 70, 90, and 100%, v/v). Afterward, they were dried in a
desiccator at room temperature. Finally, they were covered
with platinum and analyzed with SEM with the following
conditions: an operating voltage of 5 kV at different magnifi-
cations. All of these experimental set ups were repeated
three times (N¼ 3) and GraphPad Prism version 5 program
was used to run one way ANOVA test on the data [21].

Results and discussion

Synthesis of chitosan:gelatine composite cryogels

The composite cryogels were fabricated at different polymer
ratios (100:0, 75:25, 50:50, and 25:75, chitosan:gelatine, w:w)
using cryotropic gelation method (Figure 1(A)). In the cryoge-
lation process, a crosslinked polymer network forms around
the ice crystals while gelation occurs under semi-frozen con-
ditions. Subsequent thawing of ice crystals formed at sub-
zero temperatures leaves behind a polymeric network with
an interconnected and macroporous structure surrounded by
a highly dense polymer wall and this material is called cryo-
gels [22]. The crosslinking mechanism that occurred between
chitosan:gelatine and glutaraldehyde at subzero temperature
was summarized in Figure 1(B).

As a result of cryogelation method, cryogels were success-
fully fabricated with an interconnected open mac porous
structure as seen in SEM images given in Figures 2(A–D). The
mean pore diameter calculated by using SEM images was
38.60 ± 9.11, 29.60 ± 8.15, 24.23 ± 9.20, and 45.63 ± 9.49 lm for
100:0, 75:25, 50:50, and 25:75 cryogels, respectively (Figure
2(E)). According to the porosity percentage results, the poros-
ity increased from �85 to �75%, with increasing gelatine
content as shown in Figure 2(F).

Mechanical stability and degradation behaviour
of cryogels

The mechanical performance of cryogels was investigated on
the behaviour of dry samples under compression. According
to results obtained in terms of compressive strength as pre-
sented in Figure 3(A), the cryogels showed increased mech-
anical stability with the increase in gelatine ratio. The mean
compressive strength value of samples was measured
between 100.15 and 123.56 kPa. Increasing compression
strength from 100.15 ± 18.75 to 123.56 ± 11.32 kPa resulted in
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a flexible but also stronger biomaterial. Therefore, mechanic-
ally compatible implantation sites for the chitosan and gel-
atine-based cryogel scaffolds produced in this study can be
identified as rigid but not fragile tissues, as also described for
nanocellulose/bioactive glass cryogels by Ferreira et al. [23].

The degradation rate of the cryogels is demonstrated in
Figure 3(B). At the end of 28 days, about a quarter by weight
of the gels degraded. For the samples with a higher ratio of
gelatine, the mean pore diameter and porosity of gels
increased and more water was absorbed by the gels, which

Figure 1. (A) The image of composite cryogels prepared at different polymer ratios. (B) The schematic representation of the cryogelation process steps occurred
between chitosan and gelatine in the presence of glutaraldehyde.

Figure 2. (A–D) SEM images showing the morphology, (E) Mean pore diameter, and (F) Porosity of cryogels.

Figure 3. (A) Compressive strength and (B) degradation rate of cryogels.
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resulted in a faster degradation rate. In addition, the faster
degradation of the sample with a high amount of gelatine
can be explained by the degradation of the gelatine by
hydrolysis. While N-acetylglucosamine groups of the chitosan
chains degrade as a result of enzymatic degradation in the
presence of lysozyme, gelatine is easily hydrolyzed in the
presence of water [24].

Interaction of cryogel scaffolds with macrophages

Although chitosan and gelatine as natural polymers have
been previously used for scaffold preparations and it demon-
strated being biocompatible, we wondered if our structures
would exert any cytotoxic effects on RAW 264.7 macrophage
cultures and how the macrophage would react at the cryogel
surface. Therefore, the macrophage cells were cultured on
cryogels prepared at different polymer ratio combinations for
24 h. The SEM images given in Figure 4 show that these cells
adhere well on all cryogel scaffolds with heterogeneous pop-
ulations and preserve their round morphologies described in
a previous study reported by Arbez and Libouban [25]. In
plain chitosan (100:0) cryogels, most cells appear to retain
their round shape, while some cells appear to be flattened
(Figure 4(E)). Although the cell incubation time was 24 h, as
the amount of gelatine increased, the RAW cells spread elon-
gated filopodia to be fixed to the polymeric walls. This
behaviour means that the cells show a tight anchoring cap-
acity to the scaffold [25].

Similar images were detected in LPS-induced macrophage
cells (Figure 5). The cells often exhibit rounded morphology,
as well as clustering and linked together by fibres (Figures
5(E–H)). RAW 264.7 cells seeded on 25:75 cryogel sample
(Figures 4(H), 5(H)) showed a more elongated spindle shape
compared to the cells seeded on groups containing high
amounts of chitosan (Figures 4(E,F), 5(E,F)).The shape

difference of cells seeded on the different ratios of chitosan:-
gelatine composite revealed that the polymer type could
change the morphology of anchoring and possibly the func-
tion of the cells. Both chitosan and gelatine are known well
as materials that macrophages can interact with [26,27].

Previous studies suggest that gelatine leads to the aggre-
gation of macrophages [28]. Our results are in line with those
studies, since when the gelatine content of cryogels has
increased the cells clustered more together whereas in cryo-
gels with less gelatine content the cells were more dispersed
within the material (Figures 4(E,H)).

Higher chitosan ratio in the cryogels led to a stronger
anti-inflammatory activity

Previous studies suggest that chitosan can alter the activities
of macrophages [26,29]. We tested the powder form of the
cryogels on macrophages to determine their possible immu-
nomodulatory activities as materials themselves independent
of their structure or shape as well as to determine their
effects in the patients in the future during their decay. Since
the degradation of the implant materials should also be
assessed to determine their biosafety [30,31]. The powder
form of the cryogel materials did not stimulate the macro-
phages to produce either TNFa or IL6 in the absence of LPS.
This suggests that these materials would not activate macro-
phages during their degradation or decay and they will be
biocompatible even during their decay. When they were
tested for their immunomodulatory activities in the presence
of LPS as a stimulant, they acted as anti-inflammatory mole-
cules based on TNFa production levels. Increasing the con-
centration of gelatine eliminated this effect (Figure 6(A)).
None of the cryogel types had any effect on IL6 production
in their powder forms (Figure 6(B)). Our results imply that
cryogel with the highest gelatine content (4) was inert in

Figure 4. SEM images of RAW 264.7 cells cultured on macroporous cryogel scaffold surfaces for 24 h (cells are highlighted by yellow arrows): (A) 100:0, (B) 75:25,
(C) 50:50, and (D) 25:75.The samples were prepared after 24 h incubation of macrophages with a gel form of # 1, 2, 3, and 4 (Table 1) covering the bottom of each
well. The cells were rested on the gel sheets overnight before stimulations. Cell concentration was 1� 106 cells/mL in a final volume of 1ml. The cells were incu-
bated without 1mg/mL LPS for 24 h.
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terms of its immunomodulatory activities. Therefore, it (4)
might be the safest in terms of immunotoxicity during the
degradation or decay process. Depending on the chitosan to
gelatine ratio the powder forms of the cryogels had differen-
tial immunomodulatory activities on mammalian macro-
phages. Chitosan is known for its chemotactic and NO
stimulatory roles on macrophages [29]. Studies also suggest
that oligo chitosan has anti-inflammatory activities on LPS
stimulated macrophages [32], our results are in line with
these observations (Figure 6(A)). Gelatine seems to have pro-
inflammatory properties [28], in our study having different
ratios of chitosan to gelatine altered their effects on the
inflammatory behaviours of LPS induced macrophages. In
line with these observations, cryogels with a higher chitosan
ratio had anti-inflammatory activities whereas increasing the
gelatine content evened out this effect and made the mater-
ial more biocompatible and immunologically inert.

Cryogels exerted anti-inflammatory effects on the
macrophages

Chitosan:gelatine cryogels were previously shown to enable a
proliferation and attachment haven for the macrophages
[33]. Chitosan and oligo chitosan are known for inducing
nitric oxide (NO) and chemokine production by macrophages
[33–35]. Chitosan is known for its anti-inflammatory activities
and gelatine is mostly known for its pro-inflammatory activ-
ities [28,29]. In this study, we aimed to decipher these cryo-
gels ability to change the inflammatory TNFa and IL6
cytokine production capacities of macrophages in the pres-
ence or absence of LPS. These materials lacked immunosti-
mulatory activities since in the absence of LPS they did not
stimulate the macrophages to produce TNFa or IL6 cytokines
(Figure 7). When their immunomodulatory activities were
tested in the presence of LPS, compared to positive control

Figure 5. SEM images of LPS induced RAW 264.7 cells cultured on macroporous cryogel scaffold surfaces for 24 h (cells are highlighted by yellow arrows): (A–E)
100:0, (B–F) 75:25, (C–G) 50:50, and (D–H) 25:75. The samples were prepared after 24 h incubation of macrophages with a gel form of # 1, 2, 3, and 4 (Table 1) cov-
ering the bottom of each well. The cells were rested on the gel sheets overnight before stimulations. Cell concentration was 1� 106 cells/mL in a final volume of
1ml. The cells were incubated with 1 mg/mL LPS for 24 h.

Figure 6. TNFa (A) and IL6 (B) levels were measured after 24 h incubation of macrophages with 10 and 100 mg/mL powder form of materials # 1, 2, 3, and 4 (Table
1). Cell concentration was 1� 106 cells/mL in a final volume of 1ml. The cells were incubated with or without 1 mg/mL LPS as represented on the graphs. Control
negative wells did not have any chemical or stimulant. Control positive wells had only LPS as a stimulant and did not have any of the chemicals. p< .0001 N¼ 3,
one way ANOVA test was applied to calculate the statistical significance.
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groups macrophages seeded on cryogels 1–4 completely lost
their inflammatory cytokines TNFa and IL6 production capaci-
ties independent of cryogel content (Figure 7). These cryo-
gels exerted a different activity in gel form compared to their
powder form (Figures 6, 7). They did not affect the pro-
inflammatory cytokine IL6 production in their powder form
whereas when gel forms were utilized the inflammatory
activity of macropahges’ was completely knocked out
(Figures 6, 7). The situation was different for TNFaproduction,
materials 2 and 3 had similar anti-TNFa production effects on
the activated macrophages whether they were in their pow-
der or gel form (Figures 6, 7). Whereas, materials 1 and 4 did
not alter TNFa production in their powder form while knock-
ing out TNFA secretion by activated macrophages in their gel
forms. This might suggest that when the cells attached to
the gel form of the materials they lost their ability to gener-
ate inflammatory responses. It implies that they would

behave differentially when they are intact as an implant
material compared to their decaying conditions. Moreover,
during the implant procedure, they enable a nest for the
macrophages to anchor and stay inert in terms of their
inflammatory TNFa and IL6 cytokine production. TNFa and
IL6 are well-known for their role in implant rejections
[14–17]. No matter what ratio of chitosan to gelatine was
present in the sheet or gel form of the cryogels they were
able to cage the macrophages and suppress inflammatory
activities of these cells (Figures 5, 7). This will prevent the
usage of anti-inflammatory drugs on patients who goes
through implant procedures. In terms of the fine balance of
anti-inflammatory activities to prevent implant rejection vs.
immunotoxicity during degradation or decay of the material
cryogel 4 with the highest gelatine content would be more
proper to use since it does not affect TNFa and IL6 produc-
tion by LPS activated macrophages in its powder form

Figure 7. TNFa (A) and IL6 (B) levels were measured after 24 h incubation of macrophages with a gel form of # 1, 2, 3, and 4 (Table 1) covering the bottom of each
well. The cells were rested on the gel sheets overnight before stimulations. Cell concentration was 1� 106 cells/mL in a final volume of 1ml. The cells were incu-
bated with or without 1mg/mL LPS for 24 h. Control negative wells did not have any chemical or stimulant. Control positive wells had only LPS as a stimulant and
did not have any of the chemicals. p< .0001 N¼ 3, one way ANOVA test was applied to calculate the statistical significance.

Figure 8. Cell viabilities were measured after 24 h incubation of macrophages with 10 and 100mg/mL powder form of materials # 1, 2, 3, and 4 (Table 1). Trypan
Blue staining was utilized for this purpose. Cell concentration was 1� 106 cells/mL in a final volume of 1ml. The cells were incubated with (A) or without (B) 1mg/
mL LPS as represented on the graphs. Control negative wells did not have any chemical or stimulant. Control positive wells had only LPS as a stimulant and did not
have any of the chemicals.
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(Figure 6) while it completely eliminates the production of
these cytokines by LPS activated macrophages that were
nested on the gel or sheet form of this cryogel (Figures 5, 7).

Conclusion

Natural polymer-based scaffolds, such as chitosan and gel-
atine are widely used in tissue regeneration/formation due to
their high cell compatibility; however, their poor mechanical
properties and little knowledge of the interaction between
materials and host cells have limited the practical applica-
tions of these materials. In addition, during or after the
implantation of scaffolds, inflammation and local tissue dam-
age can occur through the activation of macrophages.
Therefore, the interaction between implanted scaffolds and
the immune response should be considered. With this aim,
the present work focussed on the evaluation and comparison
of immunomodulatory activities of the chitosan:gelatine cryo-
gel scaffolds manufactured with different polymer ratios. The
produced scaffolds showed an interconnected macroporous
structure surrounded by highly dense polymer walls as a
result of cryogelation method. The immunomodulatory prop-
erties of the cryogels were investigated with mammalian
macrophages in both gel and powder forms to fully repre-
sent the material during implantation and to represent its
fragmented form due to the degradation over time, inde-
pendently. To do this, the production levels of TNFa and IL6
cytokines were analyzed. Our results showed that the chito-
san:gelatine cryogels produced in this study have anti-inflam-
matory activities, and depending on the ratio of polymers,
cryogels exerted differential effects on the inflammatory
potential of the macrophages by changing the pro-inflamma-
tory TNFa and IL6 production levels. Our results suggest that
increasing the gelatine ratio should be under control, if not it
may alter the behaviour of the material in its powder form.
In terms of TNFa production, there was a decrease in the
production of this cytokine by the activated macrophages
when gelatine was mixed with the chitosan. But above a cer-
tain level, it led to a change in the behaviour of the material
and the powder form of it could not suppress the TNFa pro-
duction anymore. Moreover, the cryogels did not show any
cytotoxic effects on RAW 264.7 macrophage cultures accord-
ing to morphological analysis on the gel form as well as
according to Trypan blue staining with the powder forms of
the materials (Figure 8). The results suggest that chitosan
and gelatine-based cryogels have the potential to be
involved in future applications in the fight against scaffold
rejection, and may also have the potential to reduce the use
of anti-inflammatory drugs used to reduce inflammation at
the scaffold implantation site. To our knowledge, this study is
the first example of examining this kind of materials gel and
powder form as well as the impact of the change in chito-
san/gelatine ratio on the inflammatory responses of the acti-
vated macrophages. We should also highlight that these
behaviours may change if primary cells are used since RAW
264.7 cells are immortalized cell lines and more investigations
are required to determine the effect of these materials with
ex vivo and in vivo analysis of a larger panel of cytokines.
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