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Investigation of The Effectiveness of Plant Based Algan
Hemostatic Agent in a Rat Model of Femoral Arteria
Bleeding

Ratlarda Femoral Arter Kanama Modelinde Bitki Bazli Algan Hemostatik Ajanin
Etkinliginin Arastirilmasi

©® Hiisamettin EKICI!, ® ALl KUMANDAS?2, ©® Abdullah Canberk OZBAYKUS3, #® Hazal DIZDAROGLUS3, ® Ahmet MIDI4,

® Mehmet Sabri BALIKS, ® Erdem YESILADAG

IKirikkale University Faculty of Veterinary Medicine, Department of Pharmacology and Toxicology, Kirikkale, Turkey

2Kirikkale University Faculty of Veterinary Medicine, Department of Surgery, Kirikkale, Turkey

3Bahcesehir University Faculty of Medicine, Istanbul, Turkey

4Bahcesehir University Faculty of Medicine, Deparment of Patology, Istanbul, Turkey

5SRecep Tayyip Erdogan University Faculty of Medicine, Department of Orthopedics and Traumatology, Rize, Turke
p layyip & ty ty P P 2Y; y

6Yeditepe University Faculity of Pharmacy, Department of Pharmacognosy and Phytotherapy, Istanbul, Turkey

ABSTRACT

Objective: The aim of this study is to evaluate the efficacy of the Algan
Hemostatic Agent (AHA) available in three different physical form
(liquid, powder and sponge absorbed) in the femoral artery incision
model in rats.

Methods: A total of sixty-four 5-7 weeks old rats were used in the study.
Rats were randomly divided into 8 groups each consisting of eight rats
(4 groups heparinized and 4 groups non-heparinized). An experimental
femoral artery incision was created. As a control, physiological saline
absorbed sponge was applied. AHA liquid, AHA powder and AHA
sponge absorbed forms were applied to the experimental groups.
Results: Upon application to the bleeding sites, all the AHA forms
stopped bleeding in a significantly shorter time compared to the control
group (p<0.05). In contrast, bleeding in control group could not be
controlled within 4 minutes. The best result was in AHA powder form
and it was able to control bleeding in the non-heparinized group at
87.5% in the first minute and 12.5% in the second minute. In the
heparinize group, the AHA powder form was able to control the
bleeding at 62.5% in the first minute and 37.5% in the second minute.
Conclusion: This study shows that AHA is a highly effective and
promising hemostatic agent in bleeding control.
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Amag: Bu calismanin amacy, siganlarda femoral arter insizyon modelinde
ti¢ farkli fiziksel formda (stv1, toz ve spanga emdirilmis) bulunan Algan
Hemostatik Ajanin (AHA) etkinligini degerlendirmektir.

Yontemler: Calismada toplam 64 adet 5-7 haftalik rat kullanildu.
Ratlar rastgele olarak her biri sekiz rattan olusan 4 gruba (4 grup
heparinize ve 4 grup nonheparinize) ayrildi. Deneysel femoral arter
insizyonu olusturuldu. Kontrol olarak serum fizyolojik emdirilmis
span¢ uygulandi. Deney gruplarina AHA sivis;, AHA tozu ve AHA
stvist emdirilmis spang formlart uygulandi.

Bulgular: Kanama bélgelerine uygulanan tiim AHA formlari kontrol
grubuna gore anlamli olarak daha kisa siirede kanamayr durdurdu
(p<0.05). Buna karsilik, kontrol grubunda kanama 4 dakika icinde
kontrol edilemedi. En iyi sonug¢ AHA toz formundaydi ve heparinize
olmayan grupta kanamay: birinci dakikada %87,5 ve ikinci dakikada
%12,5 oraninda kontrol edebildi. Heparinize grupta AHA toz formu
birinci dakikada %62,5, ikinci dakikada ise %37,5 oraninda kanamay:
kontrol edebildi.

Sonug: Bu calisma, AHA'nin kanama kontroliinde oldukea etkili ve
umut verici bir hemostatik ajan oldugunu géstermektedir.
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Introduction

Acute excessive bleeding is still considered the leading
preventable cause of death in modern medical practice. Recent
efforts in preoperative car- and trauma-related hemorrhages
have provided some improvements in minimizing undesired
incidences. Uncontrolled hemorrhage due to large vascular
damage is the most commonly known cause of death in patients
with serious trauma. Additionally, the incidence of death as
a consequence of uncontrolled bleeding is preventable with
appropriate intervention measures in a short period before an
excessive blood loss occurs, as trauma-related death incidences
occur within the first 6 h of trauma (1). Therefore, quick but
effective bleeding control is critically important to minimize the
mortality rate. In addition to conventional techniques, such as
cauterization, pressure application, and ligation to stop bleeding,
the use of fast-acting local hemostatic agents provides additional
therapeutic advantages. Many studies have been conducted to
reveal the effect and safety of locally acting hemostatic agents
over the last decades (2-7).

Nowadays, several hemostats in different physical forms, e.g.,
powder, liquid, and gel, are commercially available in the market
worldwide. Active hemostatic agents (Active HAs) contain a
drug active substance, such as thrombin, which is available
either as a sole agent or in a combination with a medical device,
a mechanically acting hemostat. A gelatin sponge carrying
thrombin is an example of a combination product that can be
directly applied to bleeding sites (8-10). Thrombin containing
active HA releases a high concentration of thrombin to the
bleeding site. Thrombin converts fibrinogen to fibrin that
facilitated the deposition of a fibrin clot at the bleeding site (1).
Due to thrombin’s role in the coagulation cascade, thrombin
containing active HAs can be ideal treatment options for patients
with coagulopathies including clotting factor deficiencies other
than those with hypofibrinogenemia, platelet dysfunction, or
antithrombotic medications (11). Thrombin source is critically
important. For instance, bovine thrombin has been associated
with immunologic reactions. Additionally, the use of human or
animal-sourced thrombin carries out the risk of contamination
with infectious disease agents such as bovine spongiform
encephalopathy (11,12). Immunological reactions due to human
and bovine-derived topical thrombin products have been reported
in several studies that focus on cardiothoracic surgery (13,14).

Mechanical HAs (MHAs) exert their function by forming a
physical barrier matrix at bleeding sites. Collagen, oxidized
cellulose, polysaccharide spheres, and gelatin products are among
the well-known MHAs available in the market (1,11). The matrix
formed by MHAs over the bleeding site activates the extrinsic
clotting pathway and facilitates additional setting for platelet
aggregation, which in turn accelerates clot formation (13).
Additionally, polysaccharide beads absorb free water that facilitates
the accumulation of proteins and platelets in wound edges vicinity
(13,15). Therefore, MHAs should be kept in place until clot
formation occurs and gently removed to avoid clotting disturbance
and bleeding recurrence (11,16). Due to the absence of an active
substance as a coagulation factor, MHAs were considered the most

effective first-line treatment option for minimal bleeding. The
use of MHAs is only appropriate in patients with an adequately
functioning coagulation system (6,16).

Despite the major advances in medicine and many hemostatic
products available in the market, an ideal hemostatic product
has not been introduced into the market yet, thus developing
an effective hemostatic product is necessary. An ideal hemostatic
product should be effective with a fast-acting mechanism, safe,
cost-effective, and easy to use.

Algan hemostatic agent (AHA) is a polysaccharide-based herbal
extract. Several studies tested the efficacy of hemostatic products
in a model of femoral artery bleeding in animals (17). This study
aimed to evaluate the effectiveness of AHA in a rat model of
femoral artery bleeding.

Methods
Animals

This study was conducted following the Local Ethics Committee
of Animal Experiments as specified in the literature (Kirikkale
University Animal Experiments Local Ethics Committee,
protocol number: 2018/16). This study used 64 180-210 grams
and 5-7 weeks old rats. Rats were fed ad libitum and were housed
under standard laboratory conditions with a 12-12-hour dark-
light cycle.

The rats were first divided into two groups of random heparinized
and non-heparinized, each include 32 animals. The subjects were
then divided into eight groups each consisting of 8 randomly
selected subjects (Table 1). The heparinized group received
heparin intraperitoneally at 640 IU/kg daily for 3 days. No other
procedure has been performed.

The procedures were performed under general anesthesia that
is induced with a combination of ketamine hydrochloride (100
mg/kg) and xylazine hydrochloride (10 mg/kg). At the end of the
study, the rats were killed with 100 mg/kg intravenous sodium
thiopental (Pental Sodium®, I.E. Ulagay).

Bleeding Test

The right inguinal region of the rats was shaved and wiped with
Batticon, and the femoral vein and artery were exposed by cutting

Table 1. Animal groups

Groups Explanation

Group 1 Non-heparinized control

Group 2 Heparinized control

Group 3 Non-heparinized AHA powder

Group 4 Heparinized AHA powder

Group 5 Non-heparinized AHA liquid

Group 6 Heparinized AHA liquid

Group 7 Non-heparinized AHA liquid impregnated sponge
Group 8 Heparinized AHA liquid impregnated sponge

AHA: Algan Hemostatic Agent
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the skin and subcutaneous tissues. The bleeding duration was
evaluated according to the literature protocol (18). The femoral
artery was damaged by a green-colored injector tip. As soon as the
bleeding began, another person pressured the area with a sponge
for 10 s. Once the sponge is removed, the AHA powder, liquid,
and AHA-impregnated or saline-impregnated sponges were
applied to this area and light pressure was applied to the region.
Bleeding was checked after 1 min of time initiation. If bleeding
stopped, it was recorded as “first minute-controlled bleeding.”

If the bleeding continues in the first application, the same
amount of material was added, and the compression was
continued for another minute. The bleeding was checked and
was recorded as “controlled bleeding at the second minute” if
the bleeding stopped. If bleeding continues, the same procedure
was performed for the third time and waited for 2 min. The
applications are shown in Figures 1-4. Finally, if the bleeding
stopped, it was recorded as controlled bleeding at the fourth
minute. If the bleeding persists after the fourth minute, it was
recorded as unsuccessful. After the application in the form of
AHA liquid, the bleeding area was not pressed and was left open.
In addition to the results of the second and fourth minutes, the
time of bleeding was measured with the stopwatch.

Statistical Analysis

The Statistical Package for the Social Sciences software version
22.0 (SPSS Inc., Chicago, IL) was used to analyze the data. The

’

bodyweight and bleeding time were calculated, and the mean
values were compared among the four groups using variance
analysis. The Duncan test was used for multiple comparisons in
case of differences. The results were evaluated at a 95% confidence
interval. A p-value of <0.05 was considered significant.

Results

No differences were found among the groups in terms of body
weight. The AHA powder form gave the best result in the heparin-
free group in achieving hemostasis at 87.5% and 12.5% success in
the first and second minutes, respectively. This rate was 62.5% and
37.5% in the heparinized group in the first and second minutes,
respectively. AHA powder, liquid, and sponge forms were found
to be more effective in bleeding control than the control group
(P<0.05). Additionally, the AHA powder form was more effective
in bleeding control than the AHA fluid and AHA sponge form
(P<0.05). Results were given in Table 2 and Figures 1, 2, 3, 4.

Discussion

AHA is a plant-based hemostat that is produced in various forms
and used in case of many types of bleeding. The AHA powder,
sponge absorbed, and liquid forms used in this study were very
effective in hemostasis in a rat model of femoral artery bleeding.

A variety of hemostatic agents with varying contents and mechanisms
of action are available (19). An active substance, e.g., thrombin

L

Figure 1. Dry sponge application after bleeding in the control group. Bleeding continues with removal of sponge
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Table 2. Homeostasis times of groups

Bleeding Bleeding .
controlled at 1 controlled at 2 Bleedllng controlled Unsuccessful
R R at 4 minutes.
minutes. minutes.
Control 0 (0%) 0 (0%) 0 (0%) 8 (100%)
n AHA powder 7 (87.5%)a 1(12.5%) a 0(0%) a 0 (0%)
Non-heparinized
AHA liquid 3(37.5%)b 4 (50%) b 2 (12.5%) b 0 (0%)
AHA sponge 2 (25%) b 4 (50%) b 2(25%) b 0 (0%)
Control 0 (0%) 0 (0%) 0 (0%) 8 (100%)
o AHA powder 5(62,5%)d 3(37,5%)d 0 (0%)d 0 (0%)
Heparinized o
AHA liquid 1(12.5%)e 5(62.5%) e 2 (25%)e 0 (0%)
AHA sponge 2 (25%)e 4 (50%) d 2 (25%)e 0 (0%)

a, b, ¢, d, e, F Mean within in the same column with different letters are statistically significant (P<0.05)

containing HAs, releases thrombin to the bleeding sites in a high
concentration that directly converts fibrinogen into a fibrin clot
(11,20). Active HAs are probably the best option to intervene
in bleeding in patients with coagulation factor deficiencies (13).
However, thrombin has side effects, such as fostering infection
and facilitating immunological reactions (11,12). Several immune
reaction developments are reported as a consequence of hemostats
produced of human or bovine thrombin (13,14). A prospective
observational study investigating the immunogenicity of topical
use of bovine thrombin has reported the presence of antibodies in
patients who have undergone coronary artery bypass graft and valvar
cardiac surgery (13). Patients who had cardiothoracic surgery have
postoperatively increased anticardiolipin antibodies within 4-8 weeks

of operation in 56% of patients who receive bovine thrombin, but
anticardiolipin antibodies postoperatively increased only in 9% of
patients without topical thrombin (14). Observing the establishment
of successful hemostasis within 3-10 min in cardiothoracic surgery, a
randomized clinical trial reported a similar success rate of hemostasis
for topical human-derived (Evithrom) and bovine-derived thrombin
(Thrombin-JMI). However, the number of patients who used
Thrombin-JMI (13%) was significantly higher compared to those
who used Evithrom (3%) using antibody development, which remains
a major concern in bovine-derived thrombin products despite clear
achievement in hemostasis. Clinically notable AHA side effects are

undetermined immunological reactions.

Figure 2. Femoral arterial hemorrhage in the bleeding area before AHA powder application.
Controlled appearance of femoral arterial hemorrhage following AHA powder administration
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Figure 3. Femoral arterial hemorrhage in the bleeding area before AHA sponge application. Controlled appearance of femoral

arterial hemorrhage following AHA sponge administration

Mechanical HA agents do not contain an active drug substance
and form a physical barrier over the bleeding site. Several
MHA, which is produced from various chemicals, including
oxidized cellulose, gelatin, polysaccharide spheres, and
collagen, are available in the market (11,12). The matrix barrier
activates the extrinsic clotting pathway and facilitates the
formation of additional settings for platelet aggregation, which
in turn expedites clotting plug formation (13). Additionally,
polysaccharide beads absorb free water that facilitates protein
and platelet accumulation at the wound edges (13). MHAs
should therefore be kept in place until clotting plug formation
and gently removed to avoid clotting disorder and bleeding
recurrence. Since mechanical HAs do not contain a specific
active drug substance for blood coagulation, they are most
effective as a first-line treatment option for minimal bleeding.
Importantly, mechanical HAs are considered appropriate to

use in patients with an adequately functioning coagulation
system (12,16).

According to the hemostatic report, AHA primarily provides
hemostasis by forming a mechanical barrier at the bleeding site as
a hemostatic agent. Additionally, AHA activates both intrinsic and
extrinsic clotting pathways to facilitate a strong hemostatic effect.

Among the types of hemostatic agents are synthetic sealants that
are commonly used to prevent suture hole bleeding in cardiac
and vascular surgeries. They form a watertight barrier at bleeding
sites and are used as tissue adhesives (12).

92

This study used three different physical forms of AHA, which
were in powder, liquid, and sponge. A significant statistical
difference was found compared to the control group, thus all
AHA forms were very effective. However, the powder form
controlled the bleeding more quickly than AHA liquid and
sponge forms. However, no compressions were made to the
bleeding area in the liquid group. The bleeding duration in the
control group was very long compared to the AHA experimental
groups. In internal hemorrhages that cannot be compressed, the
liquid form gave hope as an effective hemostat.

A limited number of studies were found in the literature that
compared local hemostatic agents with similar femoral artery
methods (2,18). Similar studies by Ankaferd and Chitosan were
unable to control the bleeding in the first minute, but Ankaferd
was able to provide 40% and Chitosan 30% hemostasis in the
second minute. In the fourth minute, Ankaferd and Chitosan
were able to provide 60% homeostasis. With Chitosan, bleeding
was not controlled at 10% in the fourth minute (18). This study
excised the femoral artery and vein. Our study damaged the
femoral artery using the needle tip. In a study in the literature,
similar to our study, the femoral artery has been damaged by
the incision method (2). Our study used a 24-gage needle to
puncture the femoral artery. Once the excessive bleeding had
been observed, the HAs were poured directly onto the bleeding
site, and a 200-g scale weight was placed on for 30 s. The bleeding
was evaluated at 30 s intervals. Upon the scale weight removal,
hemostasis was assessed. If hemostasis was not established, the
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Figure 4. Femoral arterial hemorrhage model with no sponge applied to the bleeding area after AHA liquid application and

the appearance of the bleeding under local control

weight was reapplied. If hemostasis did not occur after the third
application, the test was scored as failed.

In our study, unlike in the use of the AHA powder and sponge
forms, no pressure was applied to the bleeding site when the
AHA liquid form is used that might have prolonged the bleeding
period. However, one should not question the effectiveness of
the AHA liquid, as there is no similar product in the literature.
Compared to the AHA powder and sponge, the AHA liquid was
the least effective hemostat in bleeding control; however, it seems
to be more effective than many local hemostats available in the
literature made by the same method (18).

A study by Karahaliloglu et al. (21) revealed that a standard
sponge stopped the bleeding after 245 s. The hemostasis time
of native and coagulative agents-doped hemostatic dressings
ranged from 80 to 180 s. Compared with the standard sponge,
hemostatic dressings had significantly better performance.
According to this study, the native and active agents-doped
hemostatic dressings quickly stopped the bleeding in a
femoral artery bleeding rat model with low mortality, more
platelet activation, reduced tissue reaction, and improved
biological tissue compatibility compared to a standard sponge.
Additionally, native or active agent-doped hemostatic dressings
would provide impressive and safe hemostasis for the femoral
artery bleeding model.

An additional important aspect is that the prepared hemostatic
dressings can become a unique tool for surgeons with ease of

handling and low cost as HAs (21). AHA products are easy
to apply, inexpensive, and can be applied with or without
compressions. AHA products do not need the removal of any
kind of cleaning procedure because of biodegradability; however,
they are easy to clean from the field of application.

Few guidelines are available for the use of HAs (16,19). AHA
products are available in various forms, e.g., liquid, powder, and
sponge that provide a wide range of indications in controlling
various types of bleeding (22,23,24,25).

Our study applied the AHA liquid form to the area in the
femoral artery bleeding model in the absence of compressions.
Its hemostatic activity was almost similar to the sponge and
powder forms. Liquid hemostats come into prominence to
control internal bleeding, where the application of other forms,
such as sponge, powder, and fiber and nonwoven type hemostats,
is impossible. AHA liquid form immediately turns into gel after
application, thus it can be effectively used in the military area,
in cases where physical access to the bleeding area is difficult or
impossible in gunshot wounds.

The literature reported various rates of mortality and exothermic
reaction (26,27). For instance, the femoral artery injury had
resulted in 75% mortality in the standard dressing group. However,
active component coated dressings had dramatically decreased
the mortality to 37.5% (approximately two-fold). The addition
of kaolin to hemostatic dressing had increased the mortality rate
compared with other fabricated experimental groups. Literature
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reports that the mortality rate for commercial products, such as
Celox Gauze and ChitoGauze, are 90% and 70%, respectively.
Combat Gauze showed a mortality rate of 60% (26).

Letourneau et al. (27) studied the hemostatic potential of the active
dressings group and revealed that the overall survival rate was 54%.
Many studies in the literature with similar test methods have different
results in control groups among effective local hemostatic agents
(28,29). Compared to other products, further studies are required to
evaluate the bleeding control of other bleeding arrestors due to many
factors, such as animal weight, experience, technical differences, vessel
variations, and laboratory conditions that affect this difference.

The results of this study should be supported with larger studies.
Our study used healthy rats. Additional studies are needed to
evaluate the results of already hypovolemic and hypotensive
subjects due to major artery bleedings. The limitations of this
study include the absence of data on the mean arterial pressure,
blood gases analysis, and histological examinations.

Conclusion

The AHA effectively controlled the bleeding in a short period in a
well-characterized animal model: the rat femoral artery bleeding.
The AHA offers some advantages due to its availability in three
different forms since it can be used in various types of bleeding.
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