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Abstract: Chitosan-derived biomaterials have been reported to adhere when in contact with blood by encouraging 
platelets to adhere, activate and aggregate at the sites of vascular injury, thus enhanced wound healing capacity. 
This study investigated platelet morphology changes and the expression level of transforming growth factor-β1 
(TGF-β1) and platelet-derived growth factor-AB (PDGF-AB) in the adherence of two different types of chitosans in von 
Willebrand disease (vWD): N,O-carboxymethylchitosan (NO-CMC) and oligo-chitosan (O-C). Fourteen vWD voluntary 
subjects were recruited, and they provided written informed consent. Scanning electron microscopy and enzyme-
linked immunosorbent assay test procedures were employed to achieve the objective of the study. The results sug-
gest that the O-C group showed dramatic changes in the platelet’s behaviors. Platelets extended filopodia and gen-
erated lamellipodia, leading to the formation of grape-like shaped aggregation. The platelet aggregation occurred 
depending on the severity of vWD. O-C was bound to platelets on approximately 90% of the surface membrane in 
vWD type 1; there was 70% and 50% coverage in vWD type II and III, respectively. The O-C chitosan group showed an 
elevated expression level of TGF-β1 and PDGF-AB. This finding suggests that O-C stimulates these mediators from 
the activated platelets to the early stage of restoring the damaged cells and tissues. This study demonstrated that 
the greater expression level of O-C assists in mediating the cytokine complex networks of TGF-β1 and PDGF-AB and 
induces platelet activities towards wound healing in vWD. With a better understanding of chitosan’s mechanisms of 
action, researchers are able to accurately develop novel therapies to prevent hemorrhage.
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Introduction

Wound healing is a complicated process of 
replacing missing cells and tissue structures to 
restore skin integrity. Wound healing phases 
are characterized as non-linear due to the pro-
gression of both back and forward steps in the 
restoration process. Wound healing depends 
on the intrinsic and extrinsic levels of wound 
injury [1]. Although the wound healing phases 
comprise 3 different phases (inflammatory, 
proliferation and maturation), the degree of 
healing is mainly regulated by cytokines and 
growth factors. Cytokines are a unique family 

of growth factors that are released from lym-
phocytes known as lymphokines. Cytokines are 
produced by both hematopoietic and non-
hematopoietic cells and are potentially used for 
cellular communications. Additionally, growth 
factors are proteins that are able to bind to the 
receptor on the surface of the cells to activate 
cellular proliferation and differentiation. Two 
different crucial growth factors, namely trans-
forming growth factor-β1 (TGF-β1) and platelet-
derived growth factor-AB (PDGF-AB), have been 
identified to promote wound healing [2]. TGF-β 
molecules are highly pleiotropic cytokines that 
regulate immune responses, cell growth, prolif-
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eration and epithelial-mesenchymal transition 
[2, 3]. The main role of TGF-β1 is to assist the 
wound healing process [4]. PDGF is composed 
of a heterodimer, which is composed of 2 disul-
fide-linked polypeptide chains assigned as A 
and B [5-7]. PDGF can regulate growth factors 
and cell division. This recombinant PDGF-AB 
plays a crucial role in the angiogenesis process, 
which is required in wound healing [8-10]. Von 
Willebrand disease (vWD) is a genetic disorder 
that alters the hemostasis process, leading to 
excessive bleeding after an injury. This disease 
is caused by the insufficiency or defect in a 
blood clotting protein known as von Willebrand 
factor (vWF), which intermediates the initial 
adherence of platelets by tethering and stabiliz-
ing factor VIII (FVIII). Hence, a deficiency of vWF 
can lead to abnormal hemorrhage by reducing 
the concentration level of FVIII [11]. The compli-
cation of hemorrhage in vWD can lead to 
delayed wound healing. Although many thera-
pies have already been implemented to control 
excessive bleeding in persons who have vWD, 
the use of topical hemostatic dressings is inte-
gral to promote hemostasis, as it controls the 
bleeding and seals the wound. Among the vari-
ous hemostatic agents used in medical and 
surgical interventions, chitosan-formulated 
hemostatic dressings have been shown to be 
most adherent when in contact with blood by 
encouraging platelets to adhere, activate and 
aggregate at the site of vascular injury [12, 13]. 
Chitosan is a naturally obtained biomaterial 
that is derived from the deacetylation form of 
chitin and is composed of β (1→4)-linked 
2-acetamido-2-deoxy-β-D-glucose (N-acetylglu-
cosamine). Chitosan-based hemostatic agents 
are promising marine polysaccharides that can 
potentially assist in triggering hemostasis and 
wound healing by improving cell adhesion, pro-
liferation and differentiation in vitro [12-16]. 
Chitosan has been shown to elevate the release 
of TGF-β1 and PDGF-AB [16, 17]. Additionally, 
chitosan formulated hemostatic dressings 
have been widely studied in biomedical 
research and been shown to accelerate coagu-
lation and growth factor release in wound heal-
ing. This study was constructed to evaluate the 
potential of two different types of chitosans in 
elevating growth factor release by supporting 
platelet adherence in vWD in vitro. Although 
extensive research has been undertaken to 
elucidate the importance of chitosan biomate-
rials in various fields, to the best of our under-

standing, no research has been conducted to 
assist wound healing in vWD patients with vas-
cular injury or hemorrhage. Therefore, the cur-
rent approach was believed to elucidate the 
influence of chitosan in expediting the wound 
healing process in vWD patients by examining 
platelet adhesion and cytokine mediator (TGF-
β1 and PDGF-AB) abilities.

Materials and methods

Materials 

N,O-carboxymethylchitosan (NO-CMC) and 
oligo-chitosan (O-C) were produced by Standard 
and Industrial Research Institute of Malaysia 
(SIRIM Berhad), with a degree of deacetylation 
(DDA) of 75-95%. Chitosan sponges with 
variable chitosan formulations [7% NO-CMC 
with 0.45 mL collagen, 8% NO-CMC, O-C and a 
powdered type of chitosan termed O-C 53] 
were used. Lyostypt was used as the positive 
control.

Subject selection 

Fourteen vWD patients aged 18 to 50 years 
who had not consumed any drugs in the 2 
weeks prior to recruitment participated in the 
study. Informed written consent was obtained 
prior to blood collection. None of the women 
were taking oral contraceptives when blood 
samples were obtained. Ethical clearance was 
granted by the Medical Research & Ethics 
Committee at the Malaysian National Medical 
Research Registry (Ref Num.: NMRR-13-873-
17276). All laboratory experiments were per-
formed in duplicate. The participants were 
interviewed, and the consent forms were com-
pleted by physicians. The participants were 
required to sign both bilingual consent forms 
which were written in Malay and English, and 
they were fully informed about the procedures 
and the risks that were involved in this research. 
The researchers also ensured that the partici-
pants were not at risk of harm as a result of 
their participation. 

Blood collection

Twelve mL of blood was withdrawn from antecu-
bital veins and collected in vials containing eth-
ylenediaminetetraacetic acid (EDTA) and citrat-
ed blood tubes. Blood samples were obtained 
from the vWD patients (n=14). The blood sam-
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ples were collected in BD Vacutainer [K2 EDTA 
3.6 mg (REF 367842)] tubes. Subject selection 
was contingent on a hematocrit level between 
38% and 45% and a normal platelet count 
between 150 × 103/μL and 350 × 103/μL [12, 
13, 16].

Platelet adhesion study

Each chitosan biomaterial measuring 5 mm × 5 
mm was placed in a 12-well tissue culture 
plate. Platelets were isolated by differential 
centrifugation with 150 times gravity (× g) for 
15 minutes (min) and 900 × g for 5 min at room 
temperature. Five hundred mL of isolated plate-
lets was combined with each chitosan sample 
and incubated for 30 min in 12-well tissue cul-
ture plates. Each well was then washed with 
penicillin-infused phosphate-buffered saline 
(PBS) for 1 hour (hr), fixed in 100 µL of glutaral-
dehyde for 1 hr, and then washed with distilled 
water. Various concentrations of ethanol (30%, 
70% and 100%) were added to dehydrate the 
chitosan biomaterials. Finally, all the samples 
were dried in an incubator (58°C) overnight. 
Chitosan biomaterials were sputter-coated with 
gold using a gold sputter coater (Leica SCD 
005, Germany) with a vacuum millibar of 5 × 
10-2 [Current: 20 milliampere; Timer: 150 sec-
onds] after the biomaterials were completely 
dried. The gold sputtered chitosan biomaterials 
were examined with scanning electron micro-
scope (SEM) (FEI-QUANTA FEG 450, Nether- 
lands), in which their surface and cross-section 
platelet morphology were examined [12, 17-20].

Expression of TGF-β1 & PDGF-AB in vWD pa-
tients

The levels of TGF-β1 and PDGF-AB in platelet-
rich plasma (PRP) upon adhesion to chitosans 
were measured using enzyme-linked immuno-
sorbent assay (ELISA) kits. These growth factor 
tests were performed using 2 different ELISA 
kits with distinct types of assay procedures. 
Blood samples were collected as mentioned 
above. Blood samples were centrifuged at 
1000 × g for 15 min. Supernatants were har-
vested after centrifugation. Chitosan samples, 
each weighing 5 mg, were dissolved or pre-
moistened in 50 µL of (PBS; pH 7.4) and sub-
jected to incubation at 37°C for 60 min. Five 
hundred µL of PRP was then mixed with each 
prepared chitosan sample for 30 min [12, 13, 
16, 17, 21, 22]. An ELISA kit was used to detect 

TGF-β1 (Cat. No. CSB-E04725h) and PDGF-AB 
(Cat. No. CSB-E04701h) (Cusabio Biotech Co., 
LTD, China) expression levels in vWD patients 
after the adherence of chitosan-derived bioma-
terials according to the manufacturer’s 
instructions. 

Assay procedures

One-hundred µL of prepared standard and 
samples were loaded on each well, and the 
plate was covered using adhesive strips. The 
sample-loaded plate was incubated for 2 hr at 
37°C. One-hundred µL of Biotin-Ab (1 ×) were 
loaded after the standards and samples were 
completely removed from each well. The plate 
was incubated for 1 hr at 37°C. Followed by the 
Biotin-Ab (1 ×) addition, each well was aspirat-
ed and washed with washing buffer (200 µL) 2 
times for a total of 3 washes using a multichan-
nel pipette every 2 min. One-hundred µL of 
Biotin-Av (1 ×) were added to each well, and the 
plate was incubated again for 1 hr at 37°C.
Aspiration or washing procedures were repeat-
ed at least 5 times as described previously. 
After the final washing was completed, 90 µL of 
TMB substrate was added to each well, and the 
plate was protected from light exposure and 
incubated for 15 to 30 min. As a final solution 
to the plate, 50 µL of stop solution was added 
to the entire well, and the plate was gently 
tapped to ensure thorough mixing. Eventually, 
all the reactions were stopped, and the absor-
bance was determined at 450 nanometers 
(nm) utilizing an ELISA reader (Tecan Infinite 
200 PRO NanoQuant, Switzerland). A standard 
curve was generated, and the concentration of 
each sample was determined in ng/mL. Protein 
expression was calculated based on the vol-
ume of supernatant obtained after clot 
retraction.

Quantification procedures

The Stock solutions were used to produce a 
2-fold dilution series as follows for TGF-β1 (50, 
25, 12.5, 6.25, 3.12, 1.56, 0.78, 0 ng/mL) and 
PDGF-AB (2000, 1000, 500, 250, 125, 62.5, 
31.25, 0 pg/mL). The undiluted standard 
served as the high concentration of standard, 
and the sample diluent served as the zero stan-
dard. Eventually, all the reactions were stopped, 
and the absorbance was determined at 450 
nanometers (nm) utilizing an ELISA reader 
(Tecan Infinite 200 PRO NanoQuant, 
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Figure 1. Platelet morphology after the adherences of NO-CMC, O-C and lyostypt according to the severity of vWD. Observations at various magnifications (2500 ×, 
6000 ×, 8000 ×, 10000 ×, 12000 × and 15000 ×) with diameter ranges of 5 µM, 10 µM and 30 µM.
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Switzerland). A standard curve was generated, 
and the concentration of each sample was 
determined in ng/mL. The protein expression 
was calculated based on the volume of super-
natant obtained after clot retraction. The stan-
dard curve was generated by plotting the absor-
bance for each standard on the y-axis against 
its concentration on the x-axis, and a 4-para-
metric logistic (4-PL) curve-fit was plotted at all 
the data points [23]. No significant cross-reac-
tivity or interference was observed among all 
the measurement levels. Experimental out-
comes are shown as the mean ± standard error 
of means (S.E.M). Statistical significance was 
defined as P ≤ 0.05, and these values were cal-

grape-like shapes. The platelet aggregation 
depended on the severity of the vWD. O-C was 
bound to platelets on approximately 90% of the 
surface membrane in vWD type 1 patients; 
there was 70% and 50% coverage in vWD type 
II and III patients, respectively. The platelets 
were observed to be more spherical and swol-
len when they were in contact with O-C. 
Additionally, 7% and 8% NO-CMC showed mild 
platelet groupings by covering approximately 
30-40% of the chitosan surface membrane. 
Lyostypt, which was composed of extremely 
flexible networks, permitted platelets to form a 
fibrin web. Because the rolling of platelets with 
the support of vWF was found more in vWD 

Figure 2. Mean expression of TGF-β1 in vWD patients after the adherence of 
chitosan biomaterial. The error bars represent the S.E.M.

Figure 3. Mean expression of PDGF-AB in vWD patients after the adherence 
of chitosan biomaterial. Error bars represent the S.E.M.

culated using Statistical 
Package for the Social 
Sciences (SPSS) software, 
version 20.0.

Results 

Platelet adhesion 

vWD patients were catego-
rized based on the type of 
severity (types I, II and III). The 
chitosan-adhered blood sam-
ples were analyzed using 
SEM. SEM was used to ana-
lyze the surface morphology 
of platelet behavior because 
it utilizes a high energy level 
of electrons to generate sig-
nals to read the surface mem-
brane of biomaterials. Figure 
1 shows the platelet shape 
changes at various magnifica-
tions (2500 ×, 6000 ×, 8000 
×, 10000 ×, 12000 × and 
15000 ×) with diameter rang-
es of 5 µM, 10 µM and 30 µM. 
All tested biomaterials were 
able to alter the platelet mor-
phology depending on the 
scaffold characteristics and 
chemical compositions. 

The results suggest that the 
O-C chitosan group showed 
dramatic changes in platelet 
behavior. Platelets extended 
filopodia and generated la- 
mellipodia, leading to the for-
mation of aggregation in 
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type I patients, the thread-like layers became 
thicker compared to those of vWD type II and III 
patients. Nevertheless, platelet morphological 
changes under the influence of chitosan bioma-
terials, particularly their physiological and 
mechanical relevance, remain unknown.

Expression of TGF-β1

TGF-β1 was continuously expressed at moder-
ate level in the adherence to various forms of 
chitosans. The reference range for the TGF-β1 
expression is 31.2 pg/mL-2000 pg/mL. O-C 
recorded the highest release with 49.4 ± 8.29 
pg/mL. The 8% NO-CMC showed only slight 
changes in the mean expression value of TGF-
β1 with 48.1 ± 7.15 pg/mL. The tested groups 
were compared with blood alone to elucidate 
the significant values. All the examined bioma-
terials indicated promising increases similar to 
the blood alone. The expression levels noted in 
vWD patients were elevated as well: O-C 53 
(12.3%), 7% NO-CMC (11.3%) and lyostypt 
(3.3%). No significant differences were noted in 
the TGF-β1 expression in vWD patients (Figure 
2).

Expression of PDGF-AB

According to the manufacturer’s manual, the 
PDGF-AB quantification detection range is 31.2 
pg/mL-2000 pg/mL. O-C and lyostypt showed 
an elevated release level of PDGF-AB by 29.8% 
and 23.8%, respectively, in vWD patients. No 
significant differences were noted within the 
tested group of biomaterials compared to the 
blood alone (Figure 3). In contrast, 8% NO-CMC 
recorded a decreased level of PDGF-AB release 
with 1435.17 ± 237.41 pg/mL, which is a 7.6% 
decrease that is similar to the blood alone 
group. Except for the 8% NO-CMC, all the other 
remaining chitosan biomaterials demonstrated 
increased levels of PDGF-AB. Followed by O-C 
and lyostypt, the 7% NO-CMC and O-C 53 
groups showed increased release of PDGF-AB 
by 15.2% and 11.0%, respectively (Figure 3).

Discussion

vWD is an inherited bleeding disorder that 
affects blood coagulation ability. The National 
Blood Center (PDN, Malaysia) reported that 
vWD is an uncommon hemostatic disorder in 
Malaysia with a rate of 0.002% among 30 mil-
lion individuals in Malaysia (unpublished 

source). This clinically heterogeneous hemor-
rhagic disorder arises from a deficiency result-
ing from defective vWF, which interrupts the 
platelet signals in blood coagulation. vWF is a 
blood glycoprotein that serves as sticky glue or 
an adhesive protein, which can be bound to 
other proteins to form a platelet plug [24-26]. 
Although chitosan plays a significant role in 
recruiting more platelets at the damaged area, 
we also found that the adhesive protein vWF 
plays a crucial role in assisting platelets to 
clump together. The reason for focusing on 
vWD is because it is a disease resulting in 
abnormalities in blood coagulation ability in 
which the platelets require a prolonged period 
to achieve hemostasis. vWD is always associ-
ated with delayed wound healing.

Wound healing is the final process that follows 
hemostasis after tissue injury in all individuals. 
Wound healing is becoming a target of research, 
and the development of new biomaterials is 
gaining substantial interest. Chitosan biomate-
rial is an attractive candidate in promoting 
wound healing because it recruits more plate-
lets at the sites of vascular injury. C. Rouget 
and G. Bizzozero were the first successful sci-
entists who investigated and described chito-
sans and platelets in 1859 and 1881 [27-31]. 
This unique feature offered by chitosan will 
lead to fabricating improved hemostatic agents. 
Because growth factors act as important medi-
ators in the wound healing process, the expres-
sion level of 2 different important growth fac-
tors (TGF-β1 and PDGF-AB) were evaluated 
after the adherence of chitosan biomaterials in 
this study by examining vWD patients’ blood 
samples in vitro. The expression levels of TGF-
β1 and PDGF-AB were analyzed due to their cru-
cial function as biochemical intermediators 
that are involved in wound healing [16]. It was 
previously reported that chitosan-derived bio-
materials were able to assist platelet adher-
ence and aggregation [12, 13].

Generally, vWD is divided into 3 types. vWD 
type I is the most common and mildest com-
pared to vWD type II and III, which comprise < 
70% cases in Malaysia. A total of 572 vWD 
cases were registered in Malaysia from 1979-
2013 (unpublished source). In this study, 
among the 14 vWD patients, 11 subjects had 
vWD type 1, one person had type II, and remain-
ing patients had vWD type III. We discovered 
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more platelets rolling in vWD type I after the 
chitosan adherence compared those in the 
other types of vWD. This finding may be because 
the platelet-binding capacity of vWF was higher 
compared to that in the other types of vWD. The 
biophysical mechanism of vWF in this type 
demonstrated a modestly decreased vWF level, 
which is always associated with mild bleeding 
after injury [26, 32].

The vWF levels vary depending on the 3 vWD 
types. Type I (common) shows reduced levels of 
vWF, which is always associated with mild 
bleeding; Type II (uncommon with variable pat-
tern) presents with abnormal structure and 
function of vWF; Type III is the rarest type in 
which there is a limited amount or total absence 
of vWF [26]. Based on the results of the platelet 
morphology with the various formulations of 
chitosan derivatives, the platelets showed 
remarkable changes in forming aggregations. 
In the platelet clumps, O-C covered 60-80% of 
the chitosan membrane in vWD type I and II. 
Because the tethering and rolling of the vWF is 
very limited in type III, the platelet adhesion 
capacity was found to be very weak to form 
aggregation. Overall, platelet morphology and 
platelet aggregation demonstrated modifica-
tions of platelet shape after chitosan adher-
ence. Platelets clumped into grape-like and 
swollen shapes, released granules and aggre-
gated into pseudopodia shapes depending on 
the severity of the vWD. O-C is fully able to invite 
and encourage platelets to form platelet plugs 
to assist the primary hemostasis process. 
Generally, the platelet plug formation is only a 
temporary solution to cease a hemorrhage. 
Wound healing is another specific biological 
process that involves growth factors and tissue 
regeneration [33].

Chitosan was reported to enhance the tensile 
strength of wounds. Chitosan-derivatives accel-
erate the process of wound healing by stimulat-
ing crucial inflammatory cells, such as macro-
phages, fibroblasts, osteoblasts and polymor-
phonuclear leukocytes [33, 34]. In this study, 
O-C was found to elevate the expression level 
of TGF-β1. This result suggests that O-C is able 
to stimulate TGF-β1 from the activated plate-
lets and trigger the early stage of restoring the 
damaged cells and tissues.

In a recent in vivo study, Dexter et al. discov-
ered an elevated expression of TGF-β1 at day 3 

after application of a chitosan dressing. The 
expression level of TGF-β1 decreased at day 7, 
indicating that chitosan treatment will not lead 
to any scar formation. The authors recommend-
ed that chitosan hemostatic dressing might be 
beneficial in arresting scar formation [35]. The 
release of TGF-β1 from a tested chitosan gel 
biomaterial was shown to trigger oral mucosa 
healing [36].

This study’s finding were consistent with those 
of Okamoto et al. in which the authors also con-
cluded that chitosan-derived biomaterials 
increased the expression level of TGF-β1 and 
PDGF-AB from platelets. Their study highlighted 
that the release reaction actually was contin-
gent on the degree of membrane injury in the 
platelets. They stated that the thickness, 
molecular weight (MW) and DDA of the chitosan 
membrane plays an important role in damaging 
the platelets. Accordingly, they can recruit more 
mediators to assist platelet activities and 
wound healing processes [17]. A previous 
report revealed that solid-based chitosan bio-
materials were able to absorb platelets to expe-
dite the hemostasis process [20]. PDGF-AB 
plays a significant role in blood vessel forma-
tion by enhancing cell growth and division. We 
can state clearly that O-C bound platelets can 
initiate the release of PDGF-AB. Shen et al. also 
suggested that chitosan-derived biomaterials 
might be a suitable substitute for thrombin gen-
eration associated with the PRP preparation 
because TGF-β1 and PDGF-AB are released 
from the activated platelets after chitosan 
application [37].

In our earlier study, we reported that O-C 
induced the following platelet activation mark-
ers: P-selectin and Glycoprotein IIb/IIIa [16, 
38]. These proteins are activation markers that 
eventually follow the series of hemostasis pro-
cesses that trigger wound healing mediators 
such as TGF-β1 and PDGF-AB. Consequently, 
both mediators’ outcomes raise many ques-
tions in regard to chitosan’s mechanism of 
action following its adhesion to blood cells. It is 
still not understood how and why chitosan bio-
materials possibly affect the release of these 
studied factors, other than the potential influ-
ence of chitosan properties such as DDA, MW, 
biodegradability, temperature, pH level, viscos-
ity and absorbability. According to the results, 
the NO-CMC chitosan group assists in the 
platelet shape changes and growth factor 
release but is not as promising as the O-C group 
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of chitosans. Lyostypt was used as the positive 
control hemostatic agent to compare the poten-
tial differences between the tested biomateri-
als. Lyostypt is a commercially available hemo-
static dressing because it is rich in a membrane 
that potentially provides an ideal framework for 
platelet adherence.

We also conducted a scaffold characterization 
study to examine the morphological and char-
acteristic features of the O-C and NO-CMC 
groups, respectively. We have reported that the 
functional groups represented in O-C closely 
resemble the standard features of chitin. In the 
NO-CMC group of chitosan-derivatives, we 
noted an absence of various functional groups 
and chemical structures [39]. We believe that 
chitosan-based hemostatic agents could be 
helpful in hemostatic disorders, particularly 
vWD. 

The most important limitation of this study was 
the small sample size. Because vWD is a rare 
disease in Malaysia, we only managed to recruit 
14 subjects. In accordance with the disease, 
most of the patients had vWD type I, and only a 
few patients had vWD types II and III. 
Additionally, we also would like to emphasize 
that although a considerable amount of litera-
ture has been published on chitosan as a 
hemostatic agent, its mechanisms of action 
remain undetermined. Further research should 
be conducted to examine the exact MW, DDA, 
surface thickness, temperature, pH and tensile 
strength, which could elucidate the properties 
and mechanisms of action of NO-CMC and O-C. 
These factors could be the determinants of the 
enhanced hemostatic activity found in this 
study. 

Conclusion

Chitosan is a versatile, naturally obtained poly-
saccharide that has numerous applications in 
the biomedical field due to its unique character-
istics. Therefore, this study showed that the 
high expression level of O-C assists in mediat-
ing cytokine complex networks, particularly 
those of TGF-β1 and PDGF-AB. Additionally, we 
demonstrated chitosan’s ability to induce plate-
let activities towards wound healing in vWD. 
These results support the use of chitosan 
derivatives as a potential hemostatic agent for 
surgical and injury-induced wound healing in 
vWD patients. It is expected that in the future, 
with a better understanding of chitosan as a 

hemostatic agent, researchers will be able to 
better treat vWD and eventually develop novel 
therapies to prevent hemorrhage.
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