Research Journal of Biomedical and Biotechnology, 5, 1, 1-9, 2024 Research Article / Arastirma Makalesi

The Electrospinning of Different Hemostatic Agents and Their

Effectiveness

Basak UNVER KOLUMAN!, Mahmed Sari NJJAR?*, Ahmet KOLUMAN?

! Pamukkale University, Faculty of Medicine, Department of Hematology, Denizli, 20160, Tiirkiye.
e-posta: basakunver@yahoo.com, ORCID ID: 0000-0003-1106-5021
2 Pamukkale University, Faculty of Technology, Department of Biomedical Engineering, Denizli, 20160, Tiirkiye.
e-posta: sari.njjar@hotmail.com, ORCID ID: 0000-0003-2494-1086
3 Pamukkale University, Faculty of Technology, Department of Biomedical Engineering, Denizli, 20160, Tiirkiye
e-posta: ahmetkoluman@hotmail.com, ORCID ID: 0000-0001-5308-8884

www.dergipark.org.tr/rjbb
Received: 16.09.2023
Accepted: 13.11.2023

Keywords: Astringents,
Hemorrhage, Bleeding Time,
Ankaferd Blood Stopper,
Adrenaline, Tranexamic Acid

Abstract

The purpose of this study is to present an effective solution for severe bleeding and
tissue damage occurring during situations such as conflicts, disasters, and crises. The
aim is to produce nanofibers that can serve as a hemostatic wound dressing, capable of
both accelerating wound healing and controlling bleeding. Nanofibers are produced
through the electrospinning method by combining hemostatic agents such as adrenaline
(ADR), Transamin® (TXA), and Ankaferd Blood Stopper® (ABS) with polyvinyl
alcohol (PVA) polymer. The morphology, chemical bonding structure, and hemostatic
activity of these nanofibers are extensively analyzed. The feasibility of these nanofibers
for medical applications, particularly as wound dressings, was investigated. Results:
Field emission scanning electron microscopy (FESEM) images reveal that increased
concentrations of adrenaline, TXA, and ABS result in the formation of beaded fibers.
While ABS/PVA and TXA/PV A nanofibers have similar average diameters, ABS/PVA
exhibits a more beaded morphology. According to hemostatic activity tests, clotting
times were similar for adrenaline/PVA and TXA/PVA nanofibers, whereas ABS/PVA
nanofibers exhibited a shorter clotting time. Among the findings, adrenaline/PVA
nanofibers had the longest clotting time at 4.088 seconds. On the other hand, ABS/PVA
nanofibers had the shortest clotting time at 3.819 seconds. An effective hemostatic
agent should be able to stop bleeding within 2 minutes after application to the wound
site in in vitro settings, without requiring mixing or preparation, and should be easily
applicable to wounded areas. The developed hemostatic nanofibers demonstrated the
ability to form clots within seconds. The resulting nanofibers from this study will not
only contribute to public health but also significantly enhance survival processes.
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Ozet

Bu ¢alismanin amaci, ¢atismalar, felaketler ve krizler gibi durumlar sirasinda meydana
gelen ciddi kanama ve doku hasarina yonelik etkili ¢dziimler sunmak amaciyla hem
yara iyilesmesini hizlandirabilen hem de kanamay1 kontrol edebilen bir hemostatik yara
ortiisii  olarak kullanilabilecek nanolifler iiretmektir. Nanolifler, elektroegirme
yontemiyle adrenalin (ADR), Transamin® (TXA) ve Ankaferd Blood Stopper® (ABS)
gibi hemostatik maddeler ile polivinil alkol (PVA) polimerinin birlesimiyle elde
edilmektedir. Calismada nanoliflerin morfolojisi, kimyasal bag yapist ve hemostatik
aktivitesi ayrintili sekilde analiz edilmektedir. Bu nanoliflerin tibbi uygulamalarda,
ozellikle yara ortiisii olarak kullanilabilirligi aragtirilmistir. Alan emisyonlu taramali
elektron mikroskobu (FESEM) goriintiilerine goére, adrenalin, TXA ve ABS
konsantrasyonunun artmasiyla boncuklu lifler olugsmaya baslamistir. ABS/PVA ve
TXA/PVA nanoliflerinin ortalama gaplar1 ayni olmasina ragmen, ABS/PV A daha fazla
boncuklu morfolojiye sahiptir. Hemostatik aktivite testlerine gore, adrenalin/PVA ve
TXA/PVA nanoliflerinin pthtilagma siireleri benzerdi; ancak ABS/PVA nanoliflerinin
pthtilagma stiresi daha kisaydi. Bulgulara gore, adrenalin/PVA nanolifleri en uzun
pihtilagma siiresine sahipti ve bu siire 4.088
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saniyeydi. Ote yandan, ABS/PVA nanolifleri en kisa pthtilasma siiresine sahipti ve bu
siire 3.819 saniyeydi. Iyi bir hemostat, in vitro uygulamalarda yara bdlgesine
uygulandiktan sonra 2 dakika i¢inde kanamayi durdurabilmeli, karistirma veya
hazirlama gerektirmemeli ve yarali bolgelere basitce uygulanabilmelidir. Bu ¢aligmada
elde edilen hemostatik nanoliflerin saniyeler i¢inde pihti olusturabilme yetenegi
gosterilmigtir. Gelistirilen nanolifler, sadece halk saglig1 acisindan degil, ayn1 zamanda
hayatta kalma siireclerine giiglii bir katk: saglayacaktir.

1. Introduction

Hemostatics are a type of drugs that promote hemostasis,
which is the natural process of forming clots to prevent or
stop bleeding [1]. The hemostasis process involves
vasoconstriction, platelet plug formation, and blood
coagulation [2]. Hemostatic agents can be classified into two
main categories: topical and systemic. Topical hemostatics
are administered directly at the site of bleeding, where they
function by either forming a physical barrier, initiating the
coagulation process, or improving platelet aggregation. Some
illustrations of topical hemostatics comprise collagen,
gelatin, cellulose, fibrin sealants, and thrombin [3]. Systemic
hemostatics, on the other hand, are given intravenously and
function by increasing clotting factor levels, inhibiting
fibrinolysis, or boosting platelet function. Examples of
systemic hemostatics include tranexamic acid, aminocaproic
acid, desmopressin, and recombinant factor VIla [3]. In
situations where there is a high risk of severe bleeding,
hemostatics are essential in various health fields. Military
medicine is one field where hemostatics can be utilized to
treat combat casualties with traumatic hemorrhage. Up to
90% of potentially survivable deaths among soldiers in
modern warfare are due to hemorrhage. Hence, the use of
hemostatics can considerably improve survival rates and
reduce morbidity among injured soldiers. Soldiers can self-
administer these hemostatics at the injury site, during
evacuation, or at the hospital, or they can be administered by
combat medics. Some of the hemostatics evaluated or used by
the military include QuikClot®, HemCon®, WoundStat®,
Celox®, Combat Gauze, and TXA. However, hemostatics
pose several limitations and challenges, such as cost,
availability, safety, efficacy, applicability, and compatibility
with various wound types. Therefore, further research and
development are necessary to optimize the use of
hemostatics.

Hemorrhage, especially from noncompressible areas like the
splanchnic and junctional areas, continues to be the primary
cause of avoidable fatalities on the battlefield [4, 5]. In the
United States, during conflicts in Iraq and Afghanistan a
staggering 90% of combat casualties succumbed to their
injuries before reaching surgical facilities. Among these
casualties, Hemorrhage was responsible for about 90% of
potentially survivable fatalities, with 67% occurring in
truncal areas, 19% in junctional areas, and 14% in extremities
[5, 6]. It is worth mentioning that a considerable proportion
of in-hospital fatalities occur during the first hour of
admission [7]. Hence, the development and deployment of
effective hemostatic agents for use both in the prehospital and
early in-hospital stages are of paramount importance.

Electrospinning is a cost-effective and straightforward
method that involves four essential components: 1. a high-
voltage power source, 2. a spinneret, 3. a collector, and 4. a

feeding system. Electrospun nanofibers have been widely
employed in the biomedical sector, with significant
applications in fields such as tissue engineering [8] and
wound dressings [9]. In times of conflict and crises, severe
bleeding and wound infections resulting from tissue injuries
are primary contributors to casualties. Hence, the
development of hemostatic agents for early use in both
prehospital and early in-hospital settings is of paramount
importance. There is a growing interest in harnessing
nanofibers to achieve swift hemostasis, and nanofibers
tailored for this purpose have attracted considerable attention.
These nanofibers possess an extensive surface area and
substantial porosity, enabling them to adhere tightly to the
bleeding spot. Additionally, they facilitate platelet attachment
and activation, expediting the local formation of blood clots
[10].

Archana et al. [11] successfully developed a chitosan-PVP-
Ag20 hemostatic membrane. The incorporation of
Polyvinylpyrrolidone (PVP) not only enhanced the strength
and mechanical characteristics of the hemostatic membrane
but also led to cost reduction. Additionally, the effective
combination of nano silver's strong antibacterial properties
with chitosan's inherent antibacterial qualities resulted in a
dual antibacterial effect that outperformed other materials
used for healing purposes. In the study conducted by Lu and
colleagues [12], they integrated silver/zinc oxide into a
chitosan sponge, which was prepared through lyophilization
and intended for use in hemostasis. This composite exhibited
notable porosity and swelling characteristics. The results of
animal experiments indicated that this composite dressing not
only improved coagulation and antibacterial efficacy but also
displayed minimal toxicity. Furthermore, the dressing was
found to facilitate the process of re-epithelialization and the
deposition of collagen. Fatahian et al. [13] produced a
hemostatic wound dressing by mixing TXA with PVA. It has
investigated blood coagulation properties. According to the
study results, PVA-TXA dressings showed acceptable blood
clotting capacity.

Epinephrine, commonly known as adrenaline, is a
catecholamine hormone with a wide range of functions in the
human body's physiology. It is released into the bloodstream
when the sympathetic nervous system is activated [14].
Initially, it was thought that adrenaline primarily affected
hemostasis by constricting blood vessels [15]. However,
subsequent research has revealed that human platelets possess
a2A-adrenergic receptors (AR) that are associated with Gz
proteins, a subtype of Gi protein [16-18]. When adrenaline
binds to these platelet a2-AR receptors, it inhibits the activity
of adenylate cyclase (AC), resulting in a decrease in cytosolic
cyclic AMP concentration. This reduction in cyclic AMP
levels, which acts as a negative regulator of platelet



Koluman B.U., Njjar M.S., Koluman A., RIBB, 5, 1, 1-9, 2024

activation, suggests that adrenaline may, in fact, facilitate the
platelet activation process and thus contribute to the
formation of blood clots (thrombus) [19, 20].

Tranexamic acid is a synthetic compound derived from
lysine, and its primary mode of action involves
antifibrinolytic effects. It achieves this by obstructing the
lysine binding sites found on plasminogen molecules, thereby
preventing the interaction between plasminogen, formed
plasmin, and fibrin. Consequently, this inhibition of
plasminogen activation leads to the stabilization of the pre-
existing fibrin network created during the secondary
hemostasis process [21]. ABS is an herbal extract that has
been traditionally used in Turkey and Bosnia and
Herzegovina to treat bleeding. ABS has antibacterial,
antiseptic, and antimicrobial properties. Laboratory studies
conducted in controlled environments have demonstrated that
ABS exhibits effectiveness against a broad spectrum of
bacteria, including both Gram-positive and Gram-negative
types [22]. It has also displayed efficacy against foodborne
pathogens [23], drug-resistant nosocomial (hospital-
acquired) pathogens [24], and drug-resistant strains of
Tuberculosis. These antimicrobial properties of Ankaferd can
be attributed to its chemical composition and ingredients.

The objective of this study was to manufacture a nonwoven
nanofiber material suitable for use as a hemostatic wound
dressing. In this study, nanofibers possessing hemostatic
properties were produced through the -electrospinning
method, employing ADR, TXA, and ABS as hemostatic
agents in combination with PVA polymer. The investigation
involved the analysis of the morphology and chemical
bonding structures of these hemostatic nanofibers, and the
assessment of their hemostatic efficacy.

2. Method and Materials

2.1. Materials

PVA (125,000 MW, 99% hydrolyzed) used in the production
of nanofibers, and Glutaraldehyde (GA) (50% aqueous
solution) was purchased from Sigma-Aldrich Co. (St. Louis,
U.S.A.). ABS was purchased from Trend Teknoloji ilag A.S.
(Istanbul, Turkey). TXA, ADR, and medical sterile gauzes
were purchased from commercial sources. All reagents were
analytical grade and used as received.

2.2. Solution Preparation

PVA solution (12 %, w/w) was prepared by dissolving PVA
in pure water under stirring gently at 100 °C until completely
dissolved then cooled to room temperature. ADR/PVA,
solution was prepared by adding ADR to PVA solution at
50% of the total polymer solution weight. The obtained
solution was stirred with a magnetic stirrer at 200 rpm for 2
hours. The same process was done for the TXA and ABS
solutions. To improve the spinnability of the ABS/PVA
solution 0.01 g of NaCl was added to the PVA solution (12
%, W/W).

2.3.Fabrication of Hemostatic Membranes

The spinning solution was prepared and then moved to a 5
mL syringe with a 20 G stainless steel needle. The distance
between the needle and the collector, which was covered with
aluminum foil and sterile gauze, was adjusted to 15 cm. The
electrospinning process was carried out at room temperature,
hemostatic nanofibers were produced at a steady flow rate of
0.8 ml/h and 14 kV. The resulting electrospun fibers were
stored for future use and labeled according to the hemostatic
agents employed: PVA, ADR/PVA, TXA/PVA, and
ABS/PVA.

2.4. Binding Nanofiber Samples to Fabric

Since nanofiber materials are sensitive, they are not expected
to have mechanical strength, and therefore mechanical
strength tests were not performed. The purpose of combining
these materials with nonwoven textile surfaces is to obtain
mechanically durable nanofibers. The hemostatic nanofibers
obtained within the study were attached to fabric samples
using an ultrasonic binding process. The ultrasonic binding
procedure was carried out at a speed of 5 m/min at a
frequency of 20 kHz. Table 1 summarizes the nanofiber
samples utilized in the binding procedures, binding
techniques, and fabric properties acquired from the Mogul
company.

2.5. Characterization

2.5.1. FESEM

The morphology of the nanofiber samples were analyzed by
Field Emission Scanning Electron Microscopes (FESEM).
Each sample was coated with a conductive surface gold-
palladium (Quorum QI150R). All FESEM images (SUPRA
40VP, Carl Zeiss, Germany) were obtained at 20 kV. Image
J software was used to calculate the average diameters of the
nanofibers.

2.5.2. FT-IR

The chemical bond structures of hemostatic nanofibers were
analyzed by Fourier Transform Infrared Spectrophotometer
(IS50 FT-IR, Thermo Scientific, USA) containing Diamond
ATR crystal. FT-IR spectra were recorded between 450 and
4000 cm™! with a resolution of 1 cm™'.

2.5.3. Nanofiber samples swelling rate

Since the obtained samples are instantly soluble in water,
crosslinking of the samples with GA vapor was carried out.
In this context, PVA, ADR/PVA, TXA/PVA and ABS/PVA
nanofibers were exposed to GA vapor in a closed container
for 24 hours at room temperature. Then the swelling and
weight loss percentages of the nanofibers were calculated by
soaking them in distilled water for 24 hours, then drying and
weighing them. In the first step, nanofiber samples of similar
sizes were weighed and noted. In the second step, the
nanofiber samples were soaked in distilled water for 24 hours.
After that, the samples were taken out, placed on filter paper
briefly to eliminate any excess surface water, and then
weighed.
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Table 1. Nanofiber samples, binding methods and fabrics used in the binding processes

R Strength of Strength of
NO Used fabric layers Used  Nanofiber Binding Materials MD* (N/5 Materials CD* (N/5
Sample Method
cm) cm)
A4 40 gsm spunlace .
1 flat Bio-based PVA Ultrasonic 95 110
A4 40 gsm spunlace .
2 flat Bio-based ADR/PVA Ultrasonic 95 110
A4 40 gsm spunlace .
3 flat Bio-based TXA/PVA Ultrasonic 95 110
A4 40 gsm spunlace .
4 flat Bio-based ABS/PVA Ultrasonic 95 110
* MD = Machine Direction, CD = Cross Direction
3. Results
In the third step, the samples were dried at room
temperature for 24 hours and weighed again. The 3.1. FESEM

measurements were taken three times. In addition, the
average and standard deviation values were calculated.
The percentage swelling was calculated according to
equation 1 and weight loss was calculated according to
equation 2.

Swelling Percentage (%) = —4 x 100 (1)
and
Weight Loss (%) = 224 x 100 ©)

13

M:;: Initial weight, M: Swollen weight, Mg: Dry weight

2.5.4. Determination of hemostatic nanofibers
hemostatic efficiency

Clotting time was calculated using fresh human blood
drawn from a volunteer. The drop measurement approach
was used in this context, where a drop of blood was
deposited on the hemostatic nanofiber samples and the clot
formation time was evaluated. For each nanofiber sample,
the measurement technique was performed ten times, and
the average clotting time was determined. The study was
approved by Pamukkale University Noninterventional
Clinical Research Ethical Committee

(Decision no: 07, Date: 18.04.2023).

The morphology of PVA, ADR/PVA, TXA/PVA, and
ABS/PVA was investigated using FESEM images (Figure
1). The average diameter of 30 random fibers was
calculated after measuring their diameters. This procedure
was followed for all samples. Table 2 shows the minimum,
maximum, and the average sizes of the observed
nanofibers.

Table 2. Minimum, maximum, and average diameters of
hemostatic nanofibers
Minimum Maximum Average

Sample Diameter Diameter Diameter Stan.da.rd

Deviation
(nm) (nm) (nm)

PVA 390 1079 605.933 0.1870

ADR/PVA 168 403 251.667 0.0514

TXA/PVA 151 512 226.867 0.0938

ABS/PVA 163 293 226.867 0.0382

3.2. FT-IR

The chemical structures of PVA, ADR/PVA, TXA/PVA
and ABS/PVA were characterized using FT-IR
spectroscopy. FT-IR spectra of hemostatic nanofiber
samples are given in Figure 2.

|- Ve e & NhY wl N

|

Figure 1. FESEM images of hemostatic nanofibers at 10000X magnification (Scale Bar: 2 um). a) PVA, b) ADR/PVA, c)

TXA/PVA, d) ABS/PVA.
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3.3. Nanofiber Samples Swelling Rate

Figure 3 Shows the swelling ratio and weight loss of the
hemostatic nanofiber samples. The average and standard
deviation of the starting weight, swollen weight, and dry

Figure 2.FT-IR spectra of a) PVA, b) ADR/PVA, .c) TXA/PVA and d) ABS/PVA nanofiber samples

weight are presented in Table 3.

o
| I .
100
Lip X " X
ApHPAA 10agk y g HP VA, SDApk 1

55

1l

Figure 3. Swelling ratio and weight loss of PVA, ADR/PVA,
TXA/PVA and ABS/PVA nanofibers

3.4. Determination of Hemostatic Nanofibers
Hemostatic Efficiency

According to the measurements, the clotting times of
ADR/PVA and TXA/PVA nanofibers were similar, yet
ABS/PVA had a lower clotting time. Table 4 shows the
results of the hemostatic activity measuring experiments.

Table 4. Hemostatic activity measurement test results

Minimum Maximum Average
Sample clotting time clotting time clotting time
(sec) (sec) (sec)
PVA No clotting No clotting No clotting
was observed ~ was observed ~ was observed
ADR/PVA 2 6 4.088
TXA/PVA 3 8 4.602
ABS/PVA 2 6 3.819

Table 3. The average and standard deviation of the starting weight, swollen weight, and dry weight of nanofibers samples

Initial weight (g) Swollen weight (g) Dry weight (g)
Sample Average Standard Deviation Average Standard Deviation Average Standard Deviation
PVA 0.00493 0.00006 0.00923 0.00045 0.00433 0.00015
ADR/PVA  0.00277 0.00015 0.00460 0.00030 0.00260 0.00010
TXA/PVA  0.00383 0.00015 0.00560 0.00040 0.00323 0.00006
ABS/PVA  0.00537 0.00021 0.01067 0.00115 0.00493 0.00012
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4. Discussion

PVA polymer is a hydrophilic, semi-crystalline, semi-
crystalline, hydrophilic polymer with high thermal and
chemical stability, is generally regarded as safe (GRAS), is
non-toxic, and has good thermal and chemical stability,
according to the literature. It is extensively utilized in
electrospinning systems because of its great biocompatibility
and inexpensive cost [25, 26]. As a result, PVA polymer was
chosen for the fabrication of hemostatic nanofibers.

According to the FESEM images, beaded fibers started to
form with the addition of ADR, TXA and ABS. ABS/PVA
and TXA/PVA nanofibers had the same average nanofiber
diameter, yet ABS/PVA had more beaded morphology than
TXA/PVA.

Figure 2a shows the FTIR spectrum of PVA nanofibers. The
absorption bands seen in the spectrum of PV A nanofibers are
as follows: The peak at 3272 cm! refers to the stretching
vibration due to the O-H group. The 2913 cm™! and 1332 cm
! bands show symmetric stretching vibration of -CH, group,
1710 cm? and 1649 cm™! bands show C=O stretching
vibration, 1420 cm™ band shows CH, bending vibration, 1086
cm-1 band shows C-O stretching vibration, and 839 cm™! band
shows C-C stretching vibration. These results agree with
previous studies in literature [27-33].

Figure 2b shows the FTIR spectrum of ADR/PVA nanofibers.
The peak observed at 3400 cm™! in the spectrum can be
ascribed to the N-H bonds present in epinephrine.
Furthermore, the presence of ADR (presumably adrenaline)
appears to enhance the vibration at 3282 cm™!, which
corresponds to the O-H bond. It's worth noting that the
absorbance in the 3282 cm™! region may also be attributed to
the benzene structure present in epinephrine [34, 35].

Figure 2¢ shows the FTIR spectrum of TXA/PVA nanofibers.
In the PVA spectrum, the primary vibrational modes arise
from the hydroxyl and acetate groups. To be more specific,
the peak observed at 3296 cm™! corresponds to the stretching
of O-H bonds, while the peak at 2923 cm™ results from the
asymmetric stretching vibration of alkyl groups' C—H bonds.
On the other hand, in the TXA spectrum, we observe peaks at
1450 cm™! (methylene group), 1532 cm™! (indicative of the
presence of carbonyl groups), and 2858 cm™' (associated with
C-H stretching vibrations) [36]. Figure 2d shows the FTIR
spectrum of ABS/PV A nanofibers. In the interpretation of the
spectrum of ABS/PVA samples, the FTIR peaks formed by
ABS content [37] were analyzed. The peak at 2937 cm-1 can
be attributed to the aliphatic CH3 — CH, stretching vibration
[38]. 2918 cm’! can be attributed to the stretching vibration,
1333 cm’! can be attributed to NO,, and 1085 cm™! peak can
be attributed to C-F stretching vibration [39]. The
characteristic indications of Thymus Vulgaris include the
bending of O-H groups within the range of 1340-1255 cm™!,
the absorption peak associated with C-OH stretching at 1053
cm', and peaks attributed to the out-of-plane bending of O-
H groups in the region between 736-590 cm™ [40]. These
peaks overlap with the peaks formed by Timus vulgaris,
Glycyrrhiza glabra, Vitis vinifera, Alpinia officinarum and
Urtica dioica in ABS [40-48].

The swelling characteristics of PVA, ADR/PVA, TXA/PVA,

and ABS/PVA samples were examined by immersing the
nanofiber membrane in distilled water for a 24-hour period.
TXA/PVA displayed the lowest swelling ratio, at 73%, while
ABS/PVA exhibited the highest swelling ratio, reaching
118%. The reduction in PVA concentration due to an increase
in the concentration of hemostatic agents led to the
production of thinner fibers. Notably, thinner fibers
demonstrated reduced swelling properties. TXA/PVA
nanofibers showed a greater weight loss compared to PVA,
ADR/PVA, and ABS/PVA nanofibers. Overall, all the
samples  underwent  successful crosslinking  with
glutaraldehyde vapor, and no significant weight loss was
observed.

Hemostasis is a mechanism that prevents excessive blood loss
after vascular injury and keeps the physiological process that
regulates blood fluidity in check while also preventing blood
from coagulating. Primary and secondary hemostasis are two
types of hemostasis. Primary hemostasis takes about 4 to 7
minutes and deals with the body's initial reactions to the
injury [49,50]. Mucocutaneous bleeding (petechiae, epistaxis,
gingival bleeding, hematuria, and menorrhagia) and severe
bleeding after trauma or incisions are frequent in diseases that
affect primary hemostasis. Local control of bleeding is
essential and beneficial in primary hemostasis disorders. This
can be achieved by exerting pressure on the bleeding area and
applying local hemostatic agents like tranexamic acid,
adrenalin, and ABS [51,52].

Since nanofiber materials are sensitive, they are not expected
to have mechanical strength. The hemostatic nanofibers were
adhered to nonwoven textiles thus mechanically durable
nanofiber surfaces were obtained. The ultrasonic binding
process preserved the suppleness of the samples. However,
the layers can separate if they are forced. The nonwoven
fabrics did not affect the hemostatic activity of the nanofibers
since they were adhered only to one side. The hemostatic
activity of the obtained nanofibers was evaluated. In this
context, tests were performed using the drop measurement
technique. According to the results ADR/PVA had the
longest clotting time with 4.088 second while ABS/PVA had
the shortest clotting time with 3.819 second.

There are currently various hemostatic agents available for
achieving rapid hemostasis. Adrenaline, an adrenergic
substance, can be applied directly to the bleeding site to assist
in controlling bleeding. When administered in low doses,
adrenaline activates the coagulation system and may help
reduce bleeding during surgery and in the immediate
postoperative period. Adrenaline works by stimulating
receptors on the mucous membrane, leading to local
vasoconstriction (53). Another hemostatic option is ABS,
which is a standardized mixture containing five different
plant extracts: Vitis vinifera, Thymus vulgaris, Glycyrrhiza
glabra, Alpinia officinarum, and Urtica dioica. ABS achieves
its hemostatic effect by creating an encapsulated protein
network that promotes the essential physiological
aggregation of erythrocytes, all without interfering with the
normal coagulation processes of individuals. ABS is used
effectively in medical settings on patients with primary and
secondary hemorrhagic diathesis [53]. In a study done by
Badovinac et al., TXA was found to be just as effective as
adrenaline in managing severe endobronchial hemorrhage
[54]. In an animal experiment, it was shown that ABS stopped
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epistaxis more quickly than gelatin foam, adrenaline +
lidocaine, and serum physiologic as negative control [55]. In
accordance with these results, our study found that
ADR/PVA and TXA/PVA nanofibers had nearly similar
clotting times, but ABS/PVA had a quicker clotting effect.

Nanofibers have shown great promise in the field of
hemostasis due to their structural similarity to fibrin clots.
Extensive research has been conducted over the past two
decades to develop various manufacturing processes for the
creation of nanofibrous materials that can be used for both
external and intracavitary hemostatic control. The ideal
hemostat for in vivo applications should clot blood quickly,
be biocompatible and biodegradable, not carry the risk of
bacterial or viral contamination, and promote wound healing.
Furthermore, good hemostats should stop bleeding in in vitro
applications within 2 minutes after administration to the
wound site, should not require mixing or prior preparation,
and should be simple to administer to injured regions [56].
The hemostatic nanofibers obtained in this study showed the
ability to form clots within seconds. The behavior of the
obtained hemostatic nanofibers under different conditions
needs to be investigated. These additional tests are planned
for future research. The developed nanofibers will have a
strong added value effect not only in terms of public health
but also in survival processes.

Nanofibers have shown great promise in the field of
hemostasis due to their structural similarity to fibrin clots.
Extensive research has been conducted over the past two
decades to develop various manufacturing processes for the
creation of nanofibrous materials that can be used for both
external and intracavitary hemostatic control. The ideal
hemostat for in vivo applications should clot blood quickly,
be biocompatible and biodegradable, not carry the risk of
bacterial or viral contamination, and promote wound healing.
Furthermore, good hemostats should stop bleeding in in vitro
applications within 2 minutes after administration to the
wound site, should not require mixing or prior preparation,
and should be simple to administer to injured regions [56].
The hemostatic nanofibers obtained in this study showed the
ability to form clots within seconds. The behavior of the
obtained hemostatic nanofibers under different conditions
needs to be investigated. Additional optimization studies are
planned for future research. The developed nanofibers will
have a strong added value effect not only in terms of public
health but also in survival processes.
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