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Abstract

The most important reasons of deaths after a trauma are major vascular injury. The effective and speedy control of the hemorrhage is crucial in reducing such deaths. 
Although many products are being used for this topic, most effective products have not yet been developed currently, and there is an urgent need for effective hemostatic. 
The aim of this study is to compare the efficacy of Algan hemostatic agent (AHA) with Celox in femoral artery incision model in rats. A total of 28 wistar albino rats 
divided into 4 equal groups. Experimental femoral artery injury was inflicted. In the control group, saline impregnated gauze was employed. AHA impregnated sponge, 
AHA powder, and Celox in powder form were utilized in the experimental groups.  According to the results, there was no difference in bleeding control between AHA 
and C (p>0.05). When compared to the control group, AHA and Celox were found to be very effective in bleeding control (p<0.001). This study showed that AHA had a 
similar effect like Celox in controlling bleeding. Considering other characteristics such as AHA's naturalness, easy applicability and low cost, AHA has given hope as an 
effective hemostatic agent.
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Introduction

Bleeding is a problem that accounts for the vast majority of post-
traumatic deaths. One of the main majority of preventable death 
is uncontrolled bleeding [1-3]. Hemorrhagic deaths after trauma 
occur within the first 6 hours. Blood circulation is stopped by 
direct pressure application to prevent bleeding in trauma patients 
[1]. Therefore, reducing deaths against bleeding after trauma 
should be controlled effectively and rapidly. In this way, the 
early diagnosis and control of bleeding is a crucial step in first 
aid and post-surgery because intraoperative blood loss increases 
the incidence of postoperative morbidity and mortality [4]. 
Thus, early detection and bleeding control is indispensable in 
emergencies and postoperative period since blood loss during 
the surgery increases the incidence of morbidity and mortality. 

During the past few years, tremendous advances have been made 
in the development of advanced hemostatic products that may 
be used in traumatic bleeding. These are fibrin-based, cellulose-
based, gelatin-based and collagen-based hemostatic agents, 
sealants (tissue adhesives, such as cyanoacrylates, polyethylene 
glycol hydrogels, glutaraldehyde-albumina sealants), and 
combined products. Some of the locally available products are; 
microporous polysaccharide Hemospheres (TraumaDEX®), poly-
N-acetylglucosamine (Chitin®), microporous hydrogel-forming 
polyacrylamide (BioHemostat®), chitosan linear polymer (Celox®), 
Ankaferd Blood Stopper®, Oxidized cellulose (Bloodcare®). 

They are already available on the market and being used in 
prehospital settings, emergency departments, and operating rooms 
[5-20]. However, despite all the major improvements and many 
products produced for this purpose, an ideal product for bleeding 
control has not yet materialized. For further studies, development 
of most effective hemostatic products is being strongly demanded. 
Algan Hemostatic Agent is obtained from extracted six different 
plants via standardized blend. Also, the first and only patented 
product in the world. Each of the plants that make up the AHA has 
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a content that is active by itself or in combination with hemostasis 
[21-24] AHA acts by forming a mechanical barrier in front of 
bleeding. It also provides a rapid bleeding control as it activates 
intrinsic and extrinsic coagulation pathways.  It has easily applied 
locally; prices are cheaper and does not require special storage 
conditions.

Materials and Methods 

For this study, approval was obtained from Kirikkale University 
Animal Experiments Local Ethics Committee (Decision no. 
2018/06). All animal studies conformed with the animal experiment 
guidelines of the Committee for Humane Care. All animals received 
care in compliance with the “Principles of Laboratory Animal 
Care” formulated by the National Society for Medical Research 
and the “Guide for the Care and Use of Laboratory Animals” 
prepared by the US National Academy of Sciences and published 
by the US National Institute of Health (NIH Publications, No:80-
23). In the study, 28 rats, 180-210 grams, 5-7-week-old Albino 
Wistar were used. Rats were fed ad libitum and examined under 
standard laboratory conditions according to a 12-hour dark-light 
period. A total of 28 rats divided into 4 equal groups. The groups 
were control, AHA powder (Algan group health services, Turkey), 
AHA liquid (Algan group health services, Turkey) and Celox 
(MedTrade Product Ltd, Cheshire, UK).

All surgical procedures performed using ketamine hydrochloride 
(100 mg/kg) and xylazine hydrochloride (10 mg/kg) anesthesia. 
After completing the experimental study, rats were scarified by 
using 100 mg/kg IV sodium thiopental (Pental Sodium®, U.E. 
Ulagay).

Bleeding test

The right inguinal area of the rats was wiped then shaved with 
Povidine Iodine, then skin and subcutaneous tissues were incised 
to expose the femoral vein and artery. Bleeding time was measured 
comparing to previous studies [11]. The femoral artery was marred 
by a green injector tip while another person pressed this area with 
the sponge for 10 seconds, and then the sponge was lifted off. Celox, 
AHA spong, AHA powder, and the saline impregnated buffer was 
placed on this area and fixed on the tampon. Bleeding was checked 
2 minutes after time started. If the bleeding stopped, it was recorded 
as “bleeding stopped”. If the bleeding cannot stop immediately, the 
same amount of material was used for compression for another 
2 minutes. After two minutes, bleeding was investigated and if 
there is no bleeding, it was named as ‘bleeding under control' for 
the second application. The same procedure was applied for the 
third time and was implemented for 2 minutes. At the end of the 
additional 2 minutes, the bleeding was checked and recorded as 
“stopped bleeding at the 6. minute” if the bleeding under control 
and “failed” if the bleeding was still continuing after the fourth 
minute. 

Statistical analysis

IBM-SPSS 22.0 (SPSS Inc., Chicago, IL) was used to analyze the 
data of this study. To evaluate weight, bleeding time and adherence 
scores, mean±sd values were used to compare among the four 
groups. ANOVA test and post hoc Duncan's multiple range test 
was used to improve differences between the groups. The results 

were assessed at a 95% confidence interval and a significance level 
of p <0.05. 

Results 

AHA powder and Celox controlled the bleeding in all rats at the first 
application (in 2 minutes). Bleeding could not be controlled in the 
control group.  AHA sponge controlled the bleeding in 6 rats at the 
first application (in 2 minutes) and 1 rat at the second application 
(in 4 minutes). That the AHA liquid, the AHA powder, and Celox 
controlled the bleeding in the first two minutes compared to the 
control group was found to be statistically significant (p<0.001). 
The results are given in the table.

Figure 1. 1a: Removing the sponge after AHA liquid application, 1b: Creating a 
mechanical barrier of AHA liquid. 1a: AHA powder application.

Figure 2. 2a and 2b: Celox application, 2c: View after Celox application.
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Table 1. Demographic Characteristics

Characteristics Subgroups n (%) STAI-I (x ± SD) STAI (t/F, p)

Gender
Male 551 (54.3) 39.84 ± 4.70 t = 1.612

Female 463 (45.7) 39.38 ± 4.41 p = 0.107

Age group

18–29 419 (41.3) 39.93 ± 4.82 F = 1.792

30–39 416 (41.0) 39.5 ± 4.34 p = 0.167

≥40 years 179 (17.7) 39.22 ± 4.50

Marital status

Married 612 (60.4) 39.30 ± 4.33 F = 4.201,

Bachelor 366 (36.1) 40.18 ± 4.93 p = 0.015*

Widow/ Divorced 36 (3.6) 39.66 ± 4.39

Education

Primary school 9 (0.9) 40.88 ± 5.08

High School/Vocational High School 114 (11.2) 40.00 ± 5.01 F = 0.667

Associate Degree 196 (19.3) 39.77 ± 4.74 p = 0.572

Bachelor/Master's Degree 695 (68.5) 39.52 ± 4.45

Income level

1000–2000 TL 17 (1.7) 37.47 ± 4.33 F = 1.940

2001–3000 TL 80 (7.9) 39.70 ± 5.13 p = 0.1144

3000 TL and above 917 (90.4) 39.67 ± 4.52

Service time

0–60 Months 325 (32.1) 40.02 ± 4.71 F = 2.701

61–120 Months 254 (25) 39.13 ± 4.28 p = 0.068**

≥121 Months 435 (42.9) 39.63 ± 4.62

Working status
Staffed 745 (73.5) 39.75 ± 4.51 t = 1.420

Contractual 269 (26.5) 39.29 ± 4.75 p = 0.156

Occupational group

Doctor 455 (44.9) 39.21 ± 4.30

Health Officer 58 (5.7) 39.44 ± 5.56

Nurse 156 (15.4) 40.82 ± 4.85

Midwives 10 (1.0) 39.50 ± 3.86

Emergency Medical Technician 208 (20.5) 39.90 ± 4.40 F = 3.261

Paramedic 30 (3.0) 41.56 ± 5.25 p = 0.001*

Secretary 50 (4.9) 38.26 ± 4.71

Security 6 (0.6) 40.83 ± 6.24

Ambulance Driver 19 (1.9) 37.73 ± 3.29

Other 22 (2.2) 39.72 ± 4.27

Family type
Core Family 910 (89.7) 39.73 ± 4.63 t = 2.348

Large Family 104 (10.3) 38.75 ± 3.99 p = 0.020*

Number of children

No children 478 (47.1) 40.26 ± 4.80 F = 9.307

1–2 485 (47.8) 39.00 ± 4.27 p = 0.000 *

≥3 and above 51 (5.0) 39.76 ± 4.49

Working mode  With a 24 h shift 906 (89.3) 39.69 ± 4.63 T = 1.210

Without 24 h shift 108 (10.7) 39.12 ± 4.09 p = 0.226

Work location City center 643 (63.4) 39.83 ± 4.60 t = 1.787

District center 371 (36.6) 39.29 ± 4.51 p = 0.074 **

SD: standart deviation, *:p < 0.05, **:p < 0.10
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Discussion 

In this study, two different forms of AHA powder, and liquid 
(sponge) were compared to Celox. All were found to be very 
effective. Although the powder form, controlled bleeding more 
effectively, the fluid form of AHA was also effective and no 
statistically significant difference was observed between them in 
terms of bleeding control efficacy. However, relative to the control 
group, a statistically significant difference was found. Bleeding 
time was much longer in the control group than the experimental 
groups. The liquid form promised to be an effective hemostat in 
internal bleeds that were not conducive to compression. 

In the literature, there are few studies comparing local hemostatic 
agents using similar processes [5-7,25]. No significant differences 
among the effective local hemostatic agents were reported. 
Similar test methods yielded different results in control groups [8, 
9]. Due to the many factors such as the weights of the animals, 
the experience of the practitioner, technical differences, vessel 
variations, laboratory conditions, etc., this comparison needs to be 
compared to other products being tested under similar conditions 
to assess the bleeding effectiveness of other bleeding stoppers. 

Recently, a variety of effective hemostatic agents have been emerged 
along with traditional hemostasis treatments like cauterization, 
direct pressure, and ligation [14-20, 26]. Nonetheless, these 
treatments may have some limitations like allergic reactions and 
infections [27]. 

In some studies, the efficacy of hemostatic agents (Floseal®, 
Celox) used as controls in our study was shown [7, 11-13, 15-
20, 28, 29].  In the literature, there is a study comparing Floseal 
and Celox. In this study, control, Glubran 2, Celox, Floceal and 
Ankaferd were compared. Partial nephrectomy was applied to rats. 
In this study, the best results were obtained with Glubran 2, while 
Floseal and Celox showed similar positive results [25]. There are 
many studies in the literature showing the effectiveness of Celox in 
the femoral artery model [7, 12, 13]. Since the AHA powder form 
is easily absorbed, it is quickly cleaned from the area where it is 
applied. In this way, it provides a clean working area in surgical 
operations. No side effects have been encountered in preclinical and 
clinical studies related to AHA so far. There are some commercial 
products that act like AHA. Nevertheless, commercially available 

products may have an important disadvantage such as misfit for 
deep and narrow wounds and induce tissue damage because of 
the massive exothermic reaction [26]. Most bleeding-related 
deaths in the patients occur from non-compressible and heavy 
intra-cavitary bleeding that cannot be completely managed by 
emergency procedures [28, 30]. The ideal hemostatic agent should 
be inexpensive, safe, effective, simple to apply, and should not be 
easily affected by environmental conditions [27]. It must not allow 
the transmission of bacterial or viral infection, and it must be able 
to sustain hemostasis for at least several hours. 

AHA meet all these needs. In the application of the liquid form, 
no compression was required in the area where it was applied after 
femoral artery injury, and hemostasis was achieved in 6 (86%) 
rats in the first two minutes of application. In animals with higher 
femoral artery pressure and in humans on the battlefield, AHA is 
not expected to provide hemostasis without compressing the area 
where it is applied in such external injuries. However, AHA is very 
promising in internal bleeding where it is not possible to apply 
compresses.

Although it is a standard processing, the difference in the amount 
of bleeding among rats is one of the limitations of this study. 
Intercalarily, there is a difference in form between the products 
used as liquid and powder. Consequently, AHA showed 100% 
achievement in controlling bleeding within the first two minutes 
like Celox. AHA Liquid form achieved 86% success in bleeding 
control in the first two minutes. These results show that AHA is a 
strong hemostatic candidate.

Conclusion

According to the results of this study, although AHA is an 
extremely effective hemostatic agent used for this purpose in the 
world in the femoral arterial hemorrhage model in the literature, 
the actual difference can be demonstrated by more comparative 
studies. This status will be clearer with new research. The efficacy 
of AHA in femoral artery bleeding model was compared to two 
different products, which are widely used in the clinic and whose 
hemostatic efficiencies are well known, and the powder form was 
successful in controlling bleeding in all rats in two minutes. Since 
similar results were observed in the Celox, studies with larger series 
or using different methods are required for superiority assessment. 
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Table 2. The Factors for Anxiety Identified by Multivariate Logistics Regression Analysis

Characteristics OR 95% CI Significance

Gender (Female) 1.505 1.137 -1.991 0.004

Occupational group (Midwives) 3.018 1.011 -9.015 0.048

Occupational group (Emergency Medical Technician) 7.420 1.090-50.533 0.041

Family type (Large Family) 1.694 1.060 -2.706 0.027

Number of children (1-2) 1.286 0.849– 2.157 0.037

Number of children (≥3 and above) 0.548 0.287 -1.047 0.068

Work location (District center) 1.438 1.066 -1.939 0.017

OR: odds ratio; CI: confidence interval.
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Although this study shows that AHA is a effective hemostatic 
agent, it needs to be demonstrated by more detailed studies.
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