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Abstract. The aim of this study was to evaluate the effect of non-thermal plasma treatment on the biological
properties of a natural hemostatic agent. The results show that plasma treatment can enhance the biodegradability
property of the hemostatic agent by increasing the degradation rate of the specimen up to 94.26% within 7 days.
Furthermore, the plasma-treated specimen also exhibited good biocompatibility based on the cell viability test of the
fibroblast cells. The cell growth and cell proliferation on this sample were found to be helpful for the wound healing
process. With appropriate degradable and biocompatible properties, this modified agent could be beneficial for better
control over bleeding during surgery. Research on the physical and mechanical properties are on to develop novel
hemostatic products to match the requirements as far as biomedical applications are concerned.

1 Introduction
Bleeding during a clinical procedure is a matter of
concern. Excessive hemorrhage is an important problem
in surgery. Control of bleeding and rapid blood clotting
are primary management tasks in an operation [1]. Thus,
an effective hemostatic agent is an important equipment
for this purpose. In the last few years, biomaterials have
been employed to fabricate commercial use of natural
hemostatic agents such as gelatin, rice starch, and
oxidized cellulose, but some of them have not been costeffective or had some limitation for the application [2].
Among others, chitosan (CS) has been successfully
developed into a hemostatic agent with immediate blood
absorption property. CS is a natural polymer which can
be derived from crustacean shell, crab exoskeleton, or
squid pen. CS is composed of a linear polysaccharide of
N-acetyl and D-glucosamine units. A previous study
reported that CS was an effective material to fabricate the
sponge hemostatic agent by using the freeze-drying
technique. The small pores of CS sponge and its surface
roughness are good for increased absorption via swelling,
and it also has the property of rapid blood absorption.
Additionally, CS hemostatic agents can accelerate the
hemostasis mechanism of early blood clotting by the
electrostatic force, whereby the positive charge of CS
reacts with the negative charge of the red blood cell
(RBC) membranes [1,3]. Furthermore, CS has been
known to exhibit both physicochemical and biological
properties such as antimicrobial activity, biodegradability,
biocompatibility, and non-cytotoxicity [4,5]. Nowadays,

CS is widely used to stop bleeding in several applications.
Therefore, CS was chosen as the raw material to produce
the natural hemostatic agent for this investigation.
Generally, the hemostatic agent for some kinds of
surgery of critical organs, such as neurosurgery,
abdominal surgery, control capillary, and venous and
small artery bleeding, is needed to be left inside the
patient’s body for a prolonged period of time for bleeding
control, cell proliferation induction, and wound healing
enhancement [2,6]. On the other hand, if the hemostatic
agent for this specific application cannot be completely
degraded within the human body, it can induce the risk of
foreign body reactions, inflammation, and infection [7].
According to a previous study, the hemostatic agent can
degrade in the body within a specific period [8]. Thus,
biodegradation is an important property of an effective
hemostatic agent for clinical use. The trends of
biodegradability and biocompatibility are key to the
indicated development of biomaterials for biomedical
applications.
Currently, non-thermal plasma technology is
implemented for surface modification and treatment of
heat-sensitive materials. It was possible to employ
atmospheric pressure plasma jet (APPJ) to modify the
surface of several polymers and biomaterials [9], which
included a natural hemostatic agent. According to a
previous study, RF-plasma could be used to modify the
chemical properties of the CS surface, increase the
number of amino groups on the CS surface, change the
ionic permeability and increase the hydrophilicity of CS
membranes [10,11], improve blood clotting properties,

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
(http://creativecommons.org/licenses/by/4.0/).

MATEC Web of Conferences 249, 01010 (2018)
ICMMM 2018

https://doi.org/10.1051/matecconf/201824901010

and increase the degradation rate [12]. Thus, the purpose
of this study was to investigate the effect of non-thermal
plasma treatment on the biological properties of a natural
specimen,
especially the
biodegradability and
biocompatibility prior to the development into a novel
hemostatic agent that is a degradable bleeding control
product for surgery and other medical applications.

of the weight loss after the samples were immersed in 3
ml of phosphate buffer saline (PBS) containing
lysozyme (1.6 µl/ml), and incubated at 37°C [14]. Then,
the degraded samples were removed and repeatedly
washed with 100 ml DI water for 3 times at
predetermined times of 1 day, 3 days, and 7 days. The
samples were prefrozen at −80°C for 24 h in the freezer
and then freeze-dried at −50°C for 48 h [15]. The
degradation rate was considered from the final weight
of the samples after freeze-drying (Wo) and the initial
weight of the samples before they were immersed in
PBS with lysozyme (Wt). The percentage of
biodegradation was calculated using equation (1):

2 Methodology
The preparation of the CS hemostatic agent and the
APPJ setup experiment in this study were performed
by following the process from a previous study [13].
First, the CS solution was prepared by adding 2 g of
the squid pen to 100 ml of deionized (DI) water; then,
1% of acetic acid was added and the CS solution was
left at room temperature for 3 days [13]. Thereafter,
0.025% of glutaraldehyde was added to the solution as
the crosslinking agent, and then the mixture was
stirred until it became homogenous. Afterward, this
crosslinked solution was poured into 24 well-plates (of
1 ml each), and then the samples were frozen at −80°C
for 24 h, followed by freeze-drying at −50°C for 48 h to
form the hemostatic specimens.
Then, the APPJ was setup, as shown in Figure 1.
The plasma conditions were also controlled in
accordance with the procedure followed in a previous
study [13]. This non-thermal atmospheric pressure
plasma jet was driven by 330 kHz of radio frequency
(RF) power supply and mixed gas flow rates of argon
and oxygen of 4 l/min and 10 ml/min, respectively. The
gap between the quartz capillary and the sample
surface was 5 mm, and the input power was set at 10 W,
with 30 s treatment time for each specimen.

Degradation (%) =

Wt - Wo
x 100
Wt

(1)

In the meantime, biocompatibility was performed
based on the cell viability of the fibroblast cells. In this
study, fibroblast cells were cultured until the density of
growth reached 1×105 cells per cm2 in 24 well-plates,
and the samples were left overnight. The cytotoxicity
was evaluated with MTT assay. First, the MTT solution
(300 µl) was added into each well plate, and the plates
were incubated at 37°C for 4 h to allow the formation
of the formazan crystals; thereafter, the MTT solution
was removed, and 1 ml of DMSO was added and the
well plate was agitated for 20 min. The values of cell
absorbance were measured with a spectrophotometer
to be between 540 nm and 630 nm, and compared
between the absorbance value of the cell test with the
sample (ABSsample) and the absorbance value of the
control (ABScontrol) [4]. The percentage of cell
viability was calculated using equation (2):

Cell viability (%) =

ABS sample
x 100
ABS control

(2)

All the experiments were repeated 5 times and for 2
blocks (10 replicates). The data are expressed as mean ±
SD. The statistical analysis was based on ANOVA, and
multiple comparison tests were employed. The
difference was considered statistically significant when
the p-value was less than 0.05.

3 Results and discussion
Figure 2 shows the photograph of the hemostatic agent
during the biodegradation test on day 1, day 3, and day
7, while Figure 3 illustrates the biodegradation rate of
these hemostatic agents when compared between the
plasma treatment and the non-plasma treatment. As
can be seen from the graph, the plasma treatment could
significantly improve the biodegradability of the
specimen, which is evident by the increase in the
percentage of degradation on day 1 from 21.35% to

Figure 1. The experimental set up of APPJ for natural
hemostatic treatment.

Characterization of the sample was carried out in terms
of degradability and biocompatibility to confirm the
biological behaviour in conditions mimicking human
conditions. The degradation was determined in terms
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49.06%, on day 3 from 24.57% to 66.60%, and,
inducing the highest percentage of degradability, on
day 7 from 86.48% to 94.26%. Based on the findings of
a previous study [13], it is well-known that APPJ
treatment not only enhances the blood absorption
ability but also induces higher biodegradation rates of
the hemostatic agent.

these free radicals reacted with the oxygen functional
groups, which enhanced the hydrophilic properties and
induced the fast biodegradability [11,16].
At the same time, the oxygen plasma can discharge
an atomic oxygen and an OH radical; atomic oxygen
mechanism is a chemical etching process for surface
modification for hydrophilicity. The oxygen activity
creates a new polar group from an atomic oxygen (O•
777) and an OH radical (OH• 308). The reaction can be
classified into two mechanisms, as shown in Figure 4.

Step 1: The first mechanism of atomic oxygen
plasma: the O• breaks the hydrogen bond of the amine
(NH2) group of CS, and then combines with O• to form
a water molecule (H2O) and nitrogen (N+) protonated
functional group on the CS surface. At the same time,
O• breaks the hydrogen bond of the hydroxyl (OH)
group of CS, and then combines with O• to form a
hydrogen bonding (H+) and species of the functional
oxygen group (O2). Furthermore, the oxygen gas
plasma can discharge the OH radical; the OH• breaks
the hydrogen bond of the amine (NH2) group of CS,
and then combines with OH•, leading to the formation
of a water molecule (H2O) and functional amine group
(NH+) on the CS surface. Meanwhile, OH• breaks the
hydrogen bond of the hydroxyl (OH) group of CS, and
then combines with OH• to form a water molecule and
species of a functional oxygen group (O-).
Step 2: The proteases and the lysozyme in the
biodegradation test setup help break the glycosidic
bonds of the polysaccharide of CS and degrade the
particle of CS into oligosaccharides; thereafter, they
combine with the metabolic pathway and get excreted
[13], resulting in better biodegradation property of the
specimen.

Figure 2. Photograph of the biodegradation of chitosan

hemostatic agent.

Figure 3. The biodegradation rate of the CS hemostatic agent.

With regard to the setup of APPJ, the Ar/O2 gas
mixture generated the gas discharge of the OH radical
(308 nm), the argon atom (696 nm), and the atomic
oxygen (777 nm). Argon has an important role in
hydrophilic surface modification through physical
etching. The argon atom was affected by the amine
group (NH2) of CS, which increased the energy of the
surface as well as decreased the surface tension, leading
to higher surface roughness that helped improve cell
adhesion, allow ionic permeability, increase
hydrophilicity, enhance blood absorption, and
accelerate blood clotting. Even though argon could not
create new functional groups, it generated free radicals
and polar functional groups on the CS surface, and
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In fact, CS was biocompatible and non-toxic by itself,
so it exhibited a high percentage of cell viability, more
than 100%. CS could induce cell growth, support cell
adhesion, accelerate the serum plasma and extracellular
matrix (ECM) proteins, as well as increase the
activation of platelets [17]. In addition, CS treated with
Ar/O2 gas plasma is also used as a scaffold to absorb the
cell-adhesive ability in some molecules such as collagen,
fibronectin, vitronectin, and laminin; these molecules
interact with the integrins on the Schwann cell (SC)
surface to promote cell attachment and cell
proliferation [11]. Thus, the present investigation
confirms the good biocompatibility, non-toxicity, and
ability to induce cell growth, as well as proliferation, of
plasma-treated natural hemostatic agents which lead to
the enhancement of cell repair and wound healing
process, which can be beneficial for better control over
bleeding during surgery.

Figure 4. Surface modification of CS hemostatic agent by
oxygen plasma.

4 Conclusion

Finally, the CS hemostatic agents also exhibited high
percentage cell viability of fibroblast cells of more than
100%. Figure 5 shows a comparison of the percentages
of cell viability of fibroblast cells in the CS hemostatic
agent between with and without plasma treatment.
The statistical evaluation showed that the
biocompatabilty of the hemostatic specimen from the
two conditions were not significantly different (pvalue >0.05). The percentages of cell viability of the
specimen with and without plasma treatment were
111.11% and 103.43%, respectively. Thus, the plasma
treatment was not found to affect cell growth on the
CS hemostatic agent.

This study investigated the effect of plasma treatment
on the biological properties of a natural hemostatic
agent. The results show that the biodegradability of the
specimen could be significantly improved. Nonthermal plasma treatment with Ar/O2 gas setup
enhances the hydrophilic property of the CS specimen
due to the excitation of the OH radicals and the atomic
oxygen, leading to surface modification. Furthermore,
chitosan was observed to react with the plasma product,
which caused higher metabolic pathway and faster
excretion of the specimen. Thus, this plasma technique
accelerated the degradation rate of the hemostatic
agent to be the highest, up to 94.26%, within 7 days. In
addition, this plasma-treated hemostatic confirmed its
good biocompatibility with fibroblast cells. In vivo
studies of the plasma-treated natural hemostatic agent
are currently under investigation to confirm the effect
of plasma reaction on related properties prior to
implementation for surgical use or other related
medical applications.
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