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ABSTRACT
The excessive collagen type I accumulation in the extracellular matrix leads to scar formation.
We aimed to develop a biomaterial for scarless tissue regeneration by suppressing collagen
type I overexpression, and stimulation of collagen type III expression. Alginate (Alg) is
a widely used natural material for biomedical applications, and humic acid (HA) is a natural
macromolecule with antioxidant, anti-inflammatory properties. Humic acid and the alginate
were cross-linked to obtain a hydrogel membrane. The cell viability of the Humic Acid-
Alginate (HA-Alg) hydrogel on L929, HaCaT, macrophage cells were determined. The biode-
gradation tests revealed that 76% of the HA-Alg hydrogel mass was lost at four weeks The
effect of HA-Alg hydrogel on TNFα level observed as 1212.50 ± 98.63 pg/mL. HA-Alg
suppressed collagen type I overexpression, which has a significant role in scar formation
and stimulated collagen type III expression, which has a vital role in wound healing.

ARTICLE HISTORY
Received 11 January 2019
Accepted 12 May 2019

KEYWORDS
Alginate; Humic Acid;
Hydrogel; Biodegradable;
Wound Dressing; Scarless

Introduction

Wound; can be defined as the loss of skin or tissue
integrity that is the underlying causes of medical or
physiological disorders or injuries such as mechan-
ical, thermal, electrical and chemical. The purpose
of a wound cover is to stimulate the wound healing
process and to improve the quality of the healing.
Inflammation is one of the essential steps for
wound healing. However, the inflammatory process
has direct effects on normal and abnormal wound
healing. Studies have shown that an abnormal
wound healing involving hypertrophic scar forma-
tion, is the excessive function of fibroblasts and
excessive extracellular matrix accumulation. The
usage of systemic anti-inflammatory drugs to inhi-
bit scar tissue has been shown to suppress the
proliferation phase and reduces wound resistance
against contamination [1].

Skin is the largest organ in the human body and
constitutes approximately 15% of body weight [1,2].
Skin is known to be a vital task as it surrounds the
entire body and protects the body against external
factors. For this reason, skin wounds and care of the
skin wounds have great importance [2]. The wound
healing process is a complex phenomenon consisting
of a large number of mechanisms [3,4].

Wound healing in the human body is achieved
through four stages: Haemostasis, inflammation, prolif-
eration, and remodelling. A successful wound healing for
all of each four stages must occur gradually. Immediately
after injury, coagulation and haemostasis stages take

place. After an injury, the vessel integrity deteriorates,
and blood flows out of the vessel. The main aim of the
haemostasis and coagulation is to prevent exsanguina-
tion. The mechanism keeps the vascular system intact so
that the function of the vital organs remains unharmed.
The second aim is to provide a matrix for the cells that
will involve the mechanism in the later stages of healing.
The platelets clot and clog the damaged vessel as a plug,
and also serves as an extracellular matrix for cell migra-
tion. Thrombocytes stimulate the movement of macro-
phages and fibroblasts to the injured region via the
growth factors [5]. The released mediators and growth
factors cause leukocytes to migrate to the injured tissue
and the inflammatory phase follows [6,7]. The inflam-
matory phase starts at the end of the coagulation. An
immune barrier against foreignmicro-organisms, patho-
gens are constructed [8]. Growth factors and cytokines
such as IL-1, TNFα release by white blood cells. These
growth factors stimulate a wide variety of events such as
cell proliferation, cell migration, cell differentiation and
remodelling [7,9].

Almost simultaneously with inflammation, re-
epithelisation is initiated by proliferation and migra-
tion of keratinocytes. A tissue called granulation tis-
sue is formed due to the formation of new capillaries.
Macrophages, fibroblasts and blood vessels also pre-
sent activity in the injured area at the proliferative
phase. The macrophages release growth factors which
are necessary for stimulation fibroplasia and angio-
genesis. Thereafter, fibroblasts produce a new extra-
cellular matrix (ECM) that is essential to support cell
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development. Fibroblasts are responsible for the
synthesis, accumulation, and remodelling of the
ECM. The ECM is gradually transformed into
a matrix that is rich in collagen. Thereafter, fibro-
blasts stop the production of collagen and then the
fibroblast-rich granulation tissue becomes a relatively
acellular wound tissue [5,10]. As the final phase of
wound healing, the remodelling phase is responsible
for the development of new epithelium and final scar
tissue formation. The scar tissue formation is mostly
based on the accumulation of collagen type I and type
III. The cleavage of collagen in the wound is con-
trolled by the macrophages, epidermal cells, fibroblast
cells. The proteolytic enzymes called matrix metallo-
proteinases are secreted from the endothelial cells
that are stimulated by macrophages. At this point,
cytokines delivered by macrophages control the
secretion of the matrix metalloproteinases. At the
stages of wound repairing, various kinds and quanti-
ties of matrix metalloproteinases (MMP) exists in the
wound region [11]. Cytokines secreted by macro-
phages have significant effects on scar tissue forma-
tions by affecting the regulation of collagen type 1
and type 3 accumulations. In the natüre of wound
healing, excessive inflammation leads to the creation
of scar tissue. In this context, we forecast that the
scarless wound healing can be achieved by reducing
the level of appropriate inflammation level.

Although the injured tissue has the ability for heal-
ing, the morphological appearance is not mostly the
same as the original tissue after wound healing. The
scar tissue has a deformed appearance as a morphologic
image [12]. The reason behind this distorted appear-
ance is the different amount and organization of col-
lagen from native tissue. For this reason, the cytokines
released by macrophages stimulating the cells for the
synthesis of the collagen type 1 and type 3 have great
importance for scar tissue [13,14].

The purpose of a wound dressing is to accelerate
the wound healing process and improve the quality
of healing [12]. Inflammation is an essential part
o natural wound healing process. However, the
inflammatory process has direct effects on normal
and abnormal wound healing [15]. Studies have
shown that hypertrophic scar formation occurs as
an excessive function of fibroblasts and an excessive
accumulation of extracellular matrix (ECM) during
wound healing [16]. The use of systemic anti-
inflammatory drugs to prevent scar tissue has been
shown to suppress proliferation and thus adversely
affect wound healing. In this study, alginate scaf-
folds containing humic acid will be prepared as
wound dressing material. Humic acid has antioxi-
dant, antimutagenic, anti-inflammatory, antifungal
and bactericidal properties due to the presence of
phenols, carboxylic acids, and quinones in struc-
ture. The reason for the preference of humic acid

for this study is due to its anti-inflammatory effect.
Our aim in this study is to evaluate the effect of
humic acid containing wound dressing material on
IL-1β and TNFα cytokine levels. As mentioned
above, IL-1β and TNFα have an impact on the
synthesis of collagen type 1, and collagen type 3
whose excessive accumulation has a vital role in
scar appearance [17].

Experimental procedure

Materials

Humic acid (SIGMA, H16752), alginate (SIGMA,
A1112), 3-(4,5-Dimethylthiazol-2-Cyl)-2,5-diphenyl-
tetrazolium bromide (MTT), Neutral Red were pur-
chased from Sigma-Aldrich. Cell culture equipment
was purchased from Gibco. Mouse fibroblast cell line
(L929), human keratinocyte cell line (HaCaT) and
human monocytic cell line (THP-1) were obtained
from SAP institute (Ankara, TURKEY).

Preparation of ha-alg and alg hydrogels

In-vitro cytotoxicity level of humic acid
First, the highest cell viability at the different HA con-
centrations were determined. In-vitro cytotoxicity of
humic acid was evaluated by determining the toxic
level of humic acid on HaCaT cells. Humic acid stock
solution (2 mg/ml in distilled water) was prepared. The
stock solution was diluted in Dulbecco’s Modified Eagle
Medium (DMEM) using different dilution ratios;
Humic acid solutions were prepared at concentrations
of 500 µg/ml, 250 µg/ml, 125 µg/ml, 67,5 µg/ml, 33 µg/
ml, 16 µg/ml and 8 µg/ml. The cytotoxicity of the humic
acid solutions on HaCaT was determined by MTT
assay.

Synthesis of alginate hydrogel
Alginate hydrogels were obtained by mixing 2% algi-
nate solution (distilled water) on a magnetic stirrer. The
obtained solutionwas cast for 1 h at −80°C and stored at
−80°C overnight. The hydrogel was lyophilized for two
days at −80°C. The resulting hydrogel was exposed to
epichlorinidine overnight to form crosslinks. The cross-
linked hydrogel was washed with 1% CaCl2 solution
(1:10 ethanol: in distilled water) to remove residues.

Synthesis of ha-alg hydrogel
HA-Alg hydrogels were obtained by stirring 125 μg/mL
humic acid solution in 2% alginate solution (distilled
water). According to MTT assay, 125 μg/mL humic acid
solution had the highest cell viability. The solution was
cast for 1 h at −80°C and stored at −80°C overnight. The
hydrogel was lyophilized for two days at −80°C. The
resulting hydrogel was exposed to epichlorinidine over-
night to form cross links. The cross linked hydrogel was
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washed with 1% CaCl2 solution (1:10 ethanol: in distilled
water) to remove non-cross-linked molecules.

Characterization of hydrogels

Fourier transform infrared (FTIR) spectroscopy and
surface morphology analysis of hydrogels
The chemical composition of obtained hydrogels was
performed by Fourier-transform-infrared spectroscopy
(FTIR) using a Perkin Elmer Spectrum 100. Surfacemor-
phology analysis of Alg and HA-Alg hydrogels was per-
formed with a scanning electron microscope (SEM)
(Zeiss, EVO® LS 10).

Surface area analysis
The surface area of Alg and HA-Alg hydrogels was
determined using a Brunauer–Emmett–Teller (BET)
surface area apparatus (Quantachrome, QuadraSorb
SI). The samples were put in sample cells, placed in
degasser (quantochrome) which were then heated up
to 75°C for 18 h to remove moisture from the mem-
branes, Then, the surface area was determined by the
absorption of nitrogen from their surfaces using high
purity nitrogen. The analysis continued for 189.3
min. P/P0 was analysed in the range of 0.05–0.3.

Thermogravimetric analysis
The thermogravimetric (TG) and differential thermal
analysis (DTA) according to temperature alteration
were recorded using SII6000 Exstar TG/DTA 6300.
The samples placed in aluminium pens were struck
under a dynamic air, and nitrogen atmosphere at
heating rates of 10°C/min and mass loss was recorded
for 90 min at 25°C-1000°C.

Water retention capacity of hydrogels
HA-Alg and Alg hydrogels in 1 cm2 diameter were
immersed in phosphate-buffered saline (PBS) at room
temperature until equilibration to determine the water
retention capacity. Then, the membranes were removed
from the PBS and excess PBS was blotted out with Kim
wipes paper. The weights of the dried hydrogels were
determined, and the procedure was repeated at 1st, 24th
and 48th hours. The results are expressed as the average
values of the five samples. The water retention of hydro-
gels was calculated with the following formula: Wh:
Weight of hydrate hydrogel,Wd: theweight of dry hydro-
gel:Wac %ð Þ ¼ ðWh �WdÞ=Wd � 100[2].

Biodegradation profile of hydrogels
PBS solution containing lysozyme (1.5 μg/ml) was used
for biodegradation analysis. Alg and HA-Alg hydrogels
were cut into 10 × 5mmdiameter. The dry weights of the
hydrogels were determined, and autoclaved at 120°C for
20 min for sterilization. The samples were exposed to
a lysozyme solution at 37°C for onemonth at 60 rpm.The
dry weights of the samples were measured on days 7th,

14th, 21st, and 28th. The lysozyme solutionwas refreshed
on the day of the measurement. The mass loss was
calculated according to the following formula; Wh:
Weight of hydrate hydrogel, Wd: weight of dry
hydrogel:Biodegradation %ð Þ ¼ ðWh �WdÞ=Wd � 100.

Biocompatibility tests

MTT assay
Mouse fibroblast cell line L929 and human keratinocyte
cell line HaCaT were used to evaluate the biocompatibil-
ity of hydrogels. HaCaT and L929 cells were cultured (10
000 cells/well) in DMEM F-12 medium containing 10%
FBS, 1% L-glutamine; at 37°C, 5% CO2 atmosphere.
Cytotoxicity studies were performed by MTT assay with
eight replicates

Neutral red (NR)
Mouse fibroblast cell line L929 (10 000 cells/well) and
human keratinocyte cell line HaCaT (10 000 cells/well)
were used to assess the biocompatibility of hydrogels by
the neutral-red test. The cell extracts were obtained, and
100μL of fresh medium was pipetted into the wells con-
taining 1,25 μL neutral solution (4mg/mL in PBS). Then,
the medium was discarded, and 150 μL NR-desorbing
fixative solution (50:49:1 ethanol: distilled water: glacial
acetic acid) added to each well. The optical density was
measured at 540 nm. Neutral Red test was performed
with eight replicates.

MTT assays with macrophages
(10,000 cell/well) THP-1 cells per well were seeded in 24-
well plates, and 20nM para-Methoxyamphetamine
(PMA) in Roswell Park Memorial Institute (RPMI)
(with 10% FBS, 1% L-glutamine) was added in each
well. PMA was used to stimulate differentiation of
THP-1 cells to macrophage. The inverted microscope
was used to follow the differentiation of monocytes to
macrophage cells for three days. After that, 5mmx 5mm
sized hydrogels were placed in the macrophage cells
containing wells, and cultured for 48 h at 37°C in a 5%
CO2 atmosphere. MTT test was performed with eight
replicates.

Immunotoxicity assays

Cytokine release assay
THP-1 cells were seeded to 24-well plates as 10 000
cells/well. Then, THP-1 cells were stimulated for dif-
ferentiation via 20mM PMA in RPMI cell culture
medium (with %10 FBS, 1% L-glutamine). The differ-
entiation of monocytes to macrophage cells for three
days were followed by inverted microscope. The
macrophage cells were observed on the third day of
PMA stimulation. After that, 5 mm x 5 mm sized
hydrogels were placed and cultured for 48 h at 37°C
in a 5% CO2 atmosphere. The mediums were
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collected and centrifuged at 5000 rpm for 15 min to
analyse the cytokine levels in the medium. The tests
were performed with eight replicates according to the
method recommended by the firm (Sigma-Aldrich,
Human Tumor Necrosis Factor α ELISA Kit) and
interleukin-1β (Thermo Fisher, IL-1 beta Human
ELISA Kit).

Collagen release assay

L929 cells were placed into 24-well plates (10 000
cells/each well) and incubated for 24 h. Hydrogels
with 5 mm x 5 mm dimension set on the cells and
then incubated for 48 h at 37°C. The mediums were
centrifuged at 5000 rpm for 15 min. The collagen
type 1 and type 3 levels in the medium were calcu-
lated using Elisa kits (Mybiosource, Mouse Collagen
Type I, Col I ELISA Kit and Mybiosource, Mouse
Collagen Type III, ELISA Kit). This assay was per-
formed with eight replicates.

Antioxidant capacity

The antioxidant performance of HA-Alg and Alg
Hydrogels was determined by an oxidative stress
model which performed on the HaCaT cell line.
HaCaT cells (10 000 cell/well) were cultured in
DMEM medium containing 10% FBS, 1%
L-glutamine; at 37 oC, 5% CO2 atmosphere. HaCaT
cells were placed into 24-well plates (10 000 cells in
each well) and incubated 24 h. After that, 5 × 5 mm
sized hydrogels were placed and incubated for 2 h.
Then, H2O2 was added to wells as 50 μM, 100 μM
and 200 μM and incubated for 24 h. The mediums
were collected and centrifuged at 5000 rpm for 15
min. The antioxidant performance of hydrogels was
evaluated by using the method proposed by the com-
pany using the TAS (Rel Assay, Total Antioxidant
Status kit) kit with oxidative stressed HaCaT cells.
This assay was performed with eight replicates.

Results

Preparation and characterization of ha-alg and
alg hydrogels

Preparation of humic acid-alginate based hydrogel
wound dressing material consists of two steps. First,
the highest cell viability at various HA concentrations
was determined on the HaCaT cell line to evaluate
the in-vitro cytotoxicity of humic acid. Cells incu-
bated with medium containing 20% DMSO were
used as a positive control. Cell viability at 500 μg/ml
of humic acid was calculated as 89.63 ± 3.87%. Cell
viability at 250 μg/ml, 125 μg/ml, 67.5 μg/ml,16 μg/ml
of humic acid was calculated as 87.14 ± 3.30%, 100.6
± 4.44%., 98.40 ± 5.80% and 103.37 ± 3.93%, respec-
tively as shown in Figure 1. Cell viability for all HA
concentrations was found above %70. It has been
reported in the literature that there is no cytotoxic
effect of humic acid on cell lines such as human brain
cells (SK-N-MC) [18], Chinese hamster ovary cells
(CHO) [19] and human vascular endothelium [20].

Characterization of hydrogels

Chemical and morphological characterization
Figure 3 shows the FT-IR spectra of Alg and HA-Alg
hydrogels. The FT-IR spectrum of Alginate exhibited
bands at 3255 cm−1, 2938 cm−1, 1603 cm−1, 1415 cm−1,
1085 cm−1, and 1030 cm−1 corresponding to
the – OH, – CH, – C = O, – CH3, C–O and C–O–H
stretching vibrations, respectively [21,22]. The character-
istic bands of humic acid (–OH stretching at 3255 cm−1)
and alginate (a broad band at 3255 cm−1 and a small
band at 2938 cm−1 representing the – OH and
C–H stretching vibrations) were observed. The – COO
groups exhibited stretching vibrations at 1603 and
1415 cm−1 corresponding to the asymmetric and sym-
metric vibrations, respectively, and a broad band at
1200–1000 cm−1 corresponding to the C–O stretching
vibrations of the carbohydrate rings based on alginate

Figure 1. Cytotoxicity of humic acid on HaCaT cells.

708 V. YALMAN AND N. T. LAÇIN



[23]. These IR bands confirmed the presence of humic
acid and alginate in the hydrogels. According to the FTIR
analysis in a hydrogel containing humic acid and alginate,
peaks were observed for the same functional groups.
These functional groups are present in excess of the
humic acid structure. An increase in the intensity of the
peaks was observed due to the high number of functional
groups present in the humic structure as seen in Figure 2.

The surface morphology of the hydrogel was
observed by SEM (Zeiss Evo). Macropores of the HA-
Alg hydrogel were determined and the pore dia-
meters were found between 30 and 34 μm as pre-
sented in Figure 4. Macropores of the Alg hydrogel
were determined and the pore diameters were found
between 8 and 12 μm. Hydrogels synthesized with
alginate with pore diameters from 70 μm to 300 μm
are available in the literature [24]. The surface area of
Alg hydrogel and HA-Alg hydrogel was determined
as 7.3 m2/g and 15.7 m2/g, respectively according to
the results of the BET analysis (Figure 5). The surface
area of hydrogel containing humic acid was signifi-
cantly higher compared to Alg hydrogel. Humic acid
increased the surface area by 215%.It is known that
the hydrogels with a larger surface area are known to
have higher water retention capacities [25]. The sur-
face area of the hydrogels can be increased by adding
different chemicals to the structure of the hydro-
gels [26].

Thermogravimetric analysis
The thermal behaviours of Alg and HA-Alg hydro-
gels were determined by the thermal gravimetric
method. The mass loss of the Alg hydrogel
occurred in four steps. The mass loss of Alg hydro-
gel started at 184 °C, and 11.77% mass loss was
determined. After that, 46.22%, 54.95%, and 94.43%
mass loss were observed at 604°C, 777°C, and 988°
C, respectively. When HA-Alg hydrogel was exam-
ined, the first mass loss was determined at 61.87°C
as 17.1%. Then at 284.8 °C and 567.6 °C, 88.97%
and 91.49% mass loss were identified, respectively.
Dehydration was observed at 61 and 184 °C for
both hydrogels. Addition of different compounds
to the alginate structure leads to a faster decom-
position almost at a single step [27]. Contrary to
our results Fontes and colleagues have determined
that degradation rate of alginate decreased when
the penicillin and starch molecules were doped to
the structure [28].

Water retention capacity of hydrogels
According to the results obtained, it was determined
that HA-Alg hydrogel could hold 18-fold at the
first hour, 21-fold and 23-fold at the 24 and 48 h,
respectively (Figure 6). It has been determined that
the water retention capacity of Alg hydrogel can be
13-fold as high as its weight, 15-fold and 16-fold at 24

Figure 2. Hydrogels. A Alg Hydrogel, B HA-Alg Hydrogel.
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Figure 3. FT-IR spectra of the hydrogels.
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and 48 h, respectively. HA-Alg hydrogel presented
a five folds water retention capacity at the first hour,
six-fold and sevenfold at 24 and 48 h, respectively. As
a result, the water retention capacity of HA-Alg
hydrogel is higher compared to Alg hydrogel because
of the humic acid in the structure.

The high water retention capacity is one of the
essential issues for a hydrogel. The water retention
capacities of hydrogels generally depend on the den-
sity of the cross-linked molecules in the structure.
The water retention capacity of a hydrogel highly
depends on the porosity of the membrane. The
water retention capacity of the hydrogel can be main-
tained by optimizing the porosity, thus changing the

surface area/volume ratio. In a study, Depan and
Misra developed a porous membrane that elutes
a silver nanoparticle system as an antimicrobial
agent in a timely manner [29].

Hydrogels with high cross-linked molecular density
may retain a small amount of water, while hydrogels with
low-crosslinked molecular density generally have a high
water retention capacity [30]. The water retention capa-
city of a hydrogel increases due to the availability of
various molecules in the hydrogel structure leading
a decrease in the density of end product [31]. Alginate
hydrogels are very well known with their high water
retention capacity; however, after cross linking with dif-
ferent polymers, the water retention capacity changes
depending on the density of cross-links and porosity.
Kumar and colleagues have designed a hydrogel-based
biodegradable dressing material. The hydrogel was pre-
pared via amide linkage in the presence of 1-ethyl-
(dimethylaminopropyl) carbodiimide (EDC) and N-
hydroxysulfosuccinimide (NHS), followed by divalent
cationic cross-linking of alginate and hydrogen bonding
with cellulose. They have reported that cellulose contrib-
uted to the structure have increased the stability of the
hydrogel, and high water retention capacity as approxi-
mately 89% was obtained for collagen–alginate–cellulose
composite hydrogel [32].

a b

c d

Figure 4. SEM images of hydrogels. A HA-Alg Hydrogel 1000x magnification, B HA-Alg hydrogel 2500x magnification, C Alg
hydrogel 1000x magnification, D Alg hydrogel 2500x magnification.

Figure 5. The surface area of hydrogels.
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Biodegradation profile of hydrogels
The biodegradation rates of HA-Alg and Alg hydro-
gels were calculated as the percentage of the mass
loss. The biodegradation analyses were performed as
three replicates. According to the results, mass loss of
HA-Alg hydrogel was determined 52% (standard
error = ± 5.86), 54% (standard error = ± 7.56), 64%
(standard error = ± 7.26) and 76% (standard error =
± 2.01), at the first, second, third and fourth week,
respectively. The mass loss of Alg hydrogel was

determined as 38 ± 0.64%, 39 ± 1.06% (standard
error=), 42 ± 1.21% and 46 ± 0.88% at the
first, second, third and fourth week, respectively.
The mass loss of HA-Alg hydrogel compared to Alg
hydrogel was higher (Figure 7). Biodegradation rate
of a wound healing material is an important issue
during the wound healing process [33]. The biode-
gradation rate of alginate hydrogels varies according
to other components included in the structure [34].

Biocompatibility tests

MTT and neutral-red cytotoxicity tests were per-
formed to determine the cell viability. MTT and
Neutral Red tests were performed on eight replicates.

MTT
Cell viability of HA-Alg and Alg hydrogel on HACAT
cell line was 91.46 ± 2.51% and 88.40 ± 2.31% as seen in
Figure 8. HA-Alg hydrogel was found to have a cell
viability of 3.06% higher compared to Alg hydrogel
(p-value between all groups P > 0.05). The cell viability
of HA-Alg hydrogel on L929 cell line was shown in
Figure 8 and determined as 100.80 ± 2.32%. The cell
viability of Alg hydrogel on L929 cell line was 92.61 ±
2.19%.HA-Alg hydrogel was found to have a cell viability
of 8.18% higher compared to Alg hydrogel (P > 0.05). No
significant difference was found between HA-Alg and
Alg hydrogel (P > 0.05). Therewas a significant difference
between the negative control andAlg hydrogel (P < 0.05).

There are various hydrogel biomaterials developed
using alginate derivations in literature. Alginate hydro-
gels with chitin/chitosan [35], carboxymethyl [36], and
low calcium ions [37] were reported to have no cyto-
toxic effect. MTT test results on NIH3T3 and HeLa Cell
lines indicated that polyacrylamide-chitosan hydrogels
had no cytotoxic effect [38]. MTT test results indicated
that poly (propylene fumarate-co-ethylene glycol)
hydrogels had no cytotoxic effect [39]. Cell viability of
hydrogels on HaCaT and L929 cell lines was deter-
mined via MTT assay. The obtained results were

a

b

Figure 6. Mass changes and water retention of hydrogels.
A Mass changes, B Water retention.

Figure 7. Mass loss of hydrogels.
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between 77% and 89%, respectively. As shown in the
study it has been found that HA-Alg and Alg hydrogels
have no cytotoxicity.

Neutral red
Cell viability of HA-Alg hydrogel on the HaCaT cell line
was determined as 77.77 ± 3.51%, and cell viability of Alg
hydrogel was determined as 82.02 ± 1.81% as shown in
Figure 9. HA-Alg compared to Alg hydrogel was found
to have a cell viability of 4.26% lower (P < 0.01). There
was a significant difference between negative control and
Alg hydrogel (P < 0.01). No significant difference was
found Alg and HA-Alg hydrogels (P > 0.05).

The cell viability of HA-Alg hydrogel on L929 cell line
was determined as 89.62 ± 4.32%, and cell viability of Alg

hydrogel was 88.16 ± 4.25%. HA-Alg hydrogel compared
toAlg hydrogel was found to have a cell viability of 1.46%
higher (P < 0.05). There was a significant difference
between negative control and Alg hydrogel (P < 0.05).
No significant difference was found between Alg and
HA-Alg hydrogels (P > 0.05).

Neutral Red test results on NIH3T3 and HeLa Cell
lines indicated that polyacrylamide-chitosan hydrogels
had no cytotoxic effect [38]. In another study
performed with the hydrogels, a hydrogel containing
N-carboxyethyl chitosan and oxide dextran was found
not to be cytotoxic as well [40]. Cell viability results of
the hydrogels onHaCaT and L929 cell lines obtained by
MTT tests were confirmed via NR assay. The obtained
results were between 77% and 89%, respectively.

a b

Figure 8. Cytotoxicity of hydrogels (MTT). A HaCaT Cell Line, B L929 Cell Line.

a b

Figure 9. Cytotoxicity of hydrogels (Neutral Red). A HaCaT Cell Line, B L929 Cell Line.
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Immunotoxicity assays

The THP-1 cell line was transformed to macrophage to
model the inflammatory effect ofHA-Alg andAlg hydro-
gels. The transformation was followed on an inverted
microscope. The cytotoxicity of hydrogels was deter-
mined on macrophage-transforming cells. The synthesis
of pro-inflammatory cytokines IL-1β and TNFα follow-
ing the incubation of HA-Alg membranes with macro-
phages were identified by Elisa kits (Sigma, Human
Tumor Necrosis Factor α ELISA Kit and Thermo

Fisher, IL-1 betaHumanELISAKit). The obtained absor-
bance values were plotted using the standard graphs
(Figures 11 and 12), and the released concentrations of
IL-1β and TNFα. The MTT assay was performed on
macrophages to find the cytotoxicity of HA-Alg mem-
branes on macrophages.

Cell viability of macrophage
The cell viability of the macrophage cells on HA-Alg
hydrogel was determined as 98.36 ± 3.82%, and cell
viability of the macrophage cells on Alg hydrogel was
95.43 ± 6.51% as given Figure 10. HA-Alg hydrogel
was found to have a cell viability of 2.92% higher than
Alg hydrogel (P > 0.05). No significant difference was
found in negative control and Alg hydrogel (P >
0.05). No significant difference was found between
Alg and HA-Alg hydrogel (P > 0.05). As shown in
the study it has been found that HA-Alg and Alg
hydrogels are not cytotoxic for macrophages.

Interleukin-1β release assay
Interleukin-1β levels in the medias treated with HA-Alg,
Alg, and control group were determined and the results
were given in Figure 11. The interleukin-1β concentra-
tion of the negative control, Alg and HA-Alg hydrogelFigure 10. Cytotoxicity of hydrogels on macrophages (MTT) .

a b

Figure 11. Interleukin-1β realese. A Standard Curve, B Concentration of IL-1β.

a b

Figure 11. Interleukin-1β realese. A Standard Curve, B Concentration of IL-1β.
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group was calculated 9.38 ± 0.30 pg/mL, 13.02 pg/mL,
and 14.20 ± 0.35 pg/mL. This study was performed with
eight replications. A statistical difference (P < 0.01) was
found between the control group and Alg hydrogel-
exposed samples. It was determined that Alg hydrogel
increased the secretion of interleukin-1β level as 3.64 pg/
mL. A statistical difference (P < 0.01) was found between
HA-Alg hydrogel and the control group. It was found
that HA-Alg hydrogel increased the secretion of inter-
leukin-1β level as 4.82 pg/mL.

In a study, covalently cross-linked hydrogel composed
of N,O-carboxymethyl chitosan and oxidized alginate
was developed for drug delivery application. In vitro/
vivo cytocompatibility and biocompatibility of the hydro-
gel were evaluated. They reported that the hydrogel pre-
sented a good cytocompatibility however the observed an
increase at IL-1β level [36].

Silver-based biomaterials have been developed in
a variety of bactericidal applications, especially for
wound dressings. In a study, silver nanoparticles
(AgNPs) were synthesized in a sodium alginate solution
and then the composite sponge containing AgNPs was
prepared from the nanocolloid solution. The alginate–
AgNPs composite sponge had a highly enhanced anti-
microbial activity compared to the alginate sponge. The
amount of pro-inflammatory cytokines released from
macrophages treatedwith the alginate–AgNPs composite
sponge was reduced [41].

In another study, the Inflammatory response after
peritoneal implantation of alginate-poly-l-lysine
microcapsules Were evaluated and increase of IL-1β
levels were reported [42]. In the literature, it was
observed that IL-1β release was induced by the mate-
rials doped to the alginate hydrogels. In this study, we
found that the humic acid crosslinked with the algi-
nate had no effect on the release of IL-1β.

Tumour necrosis factor α release assay. The concen-
trations of TNFα levels of HA-Alg hydrogel, Alg hydro-
gel, and non-hydrogel-exposed (control group) cell
extracts were determined as in Figure 12. The TNFα

concentration of the negative control group was 1160.50
± 101.88 pg/mL. The TNFα concentration of Alg hydro-
gel and HA-Alg hydrogel was calculated as 1250.63 ±
70.50 pg/mL and 1212.50 ± 98.63pg/mL, respectively.
This study was performed with eight replications. It was
found that there was a statistically significant difference
(P < 0.05) between TNFα levels in the control group and
Alg hydrogel group. The Alg hydrogel increased TNFα
level by 90.13 pg/mL. Therewas no statistically significant
difference (P > 0.05) between levels of TNFα between the
control group and HA-Alg hydrogel group. In a study
with alginate hydrogel [34] alginate hydrogel was
reported to cause does not affect the TNFα level. There
are not many studies about the wound dressing materials
affect cytokine levels.

In another study, the stimulation of tumour necrosis
factor-alpha, interleukin-6, and interleukin-1 of the algi-
nates composed of 1,4-linked beta-D-mannuronic acid
(M), alpha-L-guluronic acid (G), and alternating (MG)
blocks were examined. Alginates stimulated the mono-
cytes to produce high levels of all three cytokines. It was
reported that low G alginates were approximately 10
timesmore potent in inducing cytokine production com-
pared with high G alginates. The M-blocks and the MG-
blocks, but not the G-blocks, stimulated the cytokine
production [43]. In the literature, it was observed that
TNF alpha release was induced by the materials incorpo-
rated into the alginate hydrogels. In this study, we found
that the humic acid cross linked with alginate had no
affect on the release of TNFα.

Collagen release assay. Concentrations of collagen
type I and type III were determined by the absorbance
values obtained from the standard curve graphs
(Figures 13 and 14).

Collagen type i release assay
The collagen type I release rates in cell extracts after
incubation with HA-Alg hydrogel, Alg hydrogel, and
the control group were determined as presented in
Figure 13. The collagen type I concentration of the

a b

Figure 12. TNF α release. A Standard Curve, B Concentration of TNFα.
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negative control group was determined as 13.13 ± 0.39
ng/mL. The collagen type I concentration of cell extracts
incubated with Alg hydrogel and HA-Alg hydrogel was
determined as 13.59 ± 0.85 ng/mL and 11.19 ± 0.52 ng/
mL, respectively. The study was performed with eight
replications. There was no statistically significant differ-
ence (P > 0.05) between collagen type I levels in the
control group and Alg hydrogel. A statistically significant
difference (P≈ 0.01) was found between the collagen type
I levels incubated with the control group and HA-Alg
hydrogel group. HA-Alg hydrogel decreased the secreted
collagen type I level by 1.94 ng/mL. It was observed that
the Alg hydrogel did not affect the release of collagen type
I, whereas HA-ALG hydrogel reduced the synthesis of
collagen type I. Considering the results, it can be con-
cluded that the covalently linked HA suppresses collagen
I release. Collagen type I has a crucial role in scarless
wound healing. Suppression of collagen is valuable infor-
mation in terms of achieving scarless wound healing.
There is no study in the literature about the alginate-
based wound dressings affect on collagen type I level.

Collagen type III release assay
The collagen type III release rates in cell extracts after
incubation with HA-Alg hydrogel, Alg hydrogel, and
the control group cell extracts were determined as
seen in Figure 14. The collagen type III concentration
in cell extracts incubated with the negative control

group, Alg hydrogel, and HA-Alg hydrogel was deter-
mined as 24 ± 2.84 ng/mL, 20.28 ± 0.99 ng/mL and
27.09 ± 1.47 ng/mL, respectively. The study was per-
formed with eight replications. There was no statisti-
cally significant difference between the collagen type
III levels in the control group and Alg hydrogel (P >
0.05). There was no statistically significant difference
(P > 0.05) between collagen type III levels in the
control group and HA-Alg hydrogel. It has been
determined that there is no effect on collagen type
III release. There is no study in the literature about
the alginate-based wound dressings affect on collagen
type III level.

Antioxidant capacity assay

The antioxidant capacity of HaCaT cell line exposed
to oxidative stress using 50 μM, 100 μM and 200 μM
H2O2 were determined and results are given in
Figure 15. The antioxidant capacity of the negative
control with 50 μM H2O2 was determined as 0.27 ±
0.06 nM. The antioxidant capacity of Alg and HA-Alg
hydrogel was determined as 0.13 ± 0.02nM, and 0.27
± 0.03nM, respectively. There was a statistically sig-
nificant difference (P < 0.05) between the negative
control and the Alg hydrogel group. It was found that
Alg hydrogel decreased the antioxidant capacity by
0.14 nM. There was no statistically significant differ-
ence between the negative control and hydrogel
group containing HA-Alg (P > 0.05).

The antioxidant capacity of the negative control group
in the oxidatively stressed cells using 100 μM was deter-
mined as 0.34 ± 0.08 nM. The antioxidant capacity of Alg
and HA-Alg hydrogel was 0.22 ± 0.03 nM and 0.25 ±
0.05nM, respectively. No statistically significant differ-
ence was found between negative control and Alg hydro-
gel group (P > 0.05). There was no statistically significant
difference between negative control and HA-Alg hydro-
gel group (P > 0.05). The antioxidant capacity of the
negative control group in the oxidatively stressed cells

a b

Figure 13. Collagen Type I release. A Standard Curve, B Concentration of collagen type I.

Figure 14. Collagen Type III realese. A Standard Curve,
B Concentration of collagen type III.

MATERIALS TECHNOLOGY 715



using 200 μM was determined as 0.39 ± 0.03 nM. The
antioxidant capacity of Alg hydrogel and HA-Alg was
determined as 0.29 ± 0.04 nM and 0.25 ± 0.04 nM,
respectively. No statistically significant difference was
found between negative control and Alg hydrogel group
(P > 0.05). There was a statistically significant difference
(P < 0.05) between the negative control and the HA-Alg
hydrogel group, and HA-Alg hydrogel were found to
decrease the antioxidant capacity by 0.14 nM.

HaCaT cell line exposed to oxidative stress using 50
μM, 100 μM and 200 μMH2O2 and no significant effect
on the antioxidant capacity of the cells was determined.
There is no study about alginate wound dressingmaterial
on the effect of the antioxidant capacity of HaCat cell line
in the literature.

Conclusion

Wound; can be defined as the loss of skin or tissue
integrity that is the underlying causes of medical or
physiological disorders or injuries such as mechanical,
thermal, electrical and chemical. The purpose of a wound
cover is to stimulate the wound healing process and
improve the quality of the healing. Some injuries leave
a scar tissue after the wound healing process.
Inflammation is one of the essential steps for wound
healing. However, the inflammatory process has direct
effects on normal and abnormal wound healing. Studies
have shown that an abnormal wound healing involving
hypertrophic scar formation, is the excessive function of
fibroblasts and excessive extracellular matrix accumula-
tion. Excessive collagen type I accumulation in extracel-
lular matrix causes scar formation. Our aim in this study
was to develop a wound healing biomaterial for scarless
tissue regeneration. Alginate was themain skeleton of the
membrane which humic acid molecules were covalently
cross-linked. The HA-Alg hydrogel suppressed collagen
type I overexpression which has a significant role in scar
formation and stimulated collagen type III expression

which has a vital role in wound healing. The HA-Alg
wound dressing seems to be a promising biomaterial for
scarless wound healing with its mentioned properties
above.
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