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ABSTRACT

B leeding is one of the main causes of death in natural disasters, as well as due to

accidents and war injuries. The formation of stable blood clots, or hemostasis

is necessary to prevent blood loss and death from excessive bleeding. Although
there is a process of self-coagulation in the body, but in severe injuries, this system
cannot control the bleeding alone without the help of clotting agents. Traditional
methods such as the use of sterile gauze and applying pressure in the bleeding area,
have been widely used to prevent bleeding. However, these methods are not very
effective. Therefore, finding substances that can quickly prevent bleeding has been
the subject of many studies. Meanwhile, various organic and inorganic materials
have been taken into consideration. Some polymers have shown very promising
results due to compatibility with body tissues as well as the ability to control and
manipulate properties. Considering the importance of these polymers, in this research,
Keywords: an overview of these polymers is carried out and the mechanism of action of these
polymers in controlling bleeding and blood coagulation will be investigated. Also,
the latest strategies in design and activities on this subject will be discussed. Three
mechanisms of blood thickening, activation of the coagulation cascade and creation
of a physical barrier are the main factors in the performance of these substances.
Starch polysaccharides, alginate, and oxidized cellulose can be mentioned among the
most famous biopolymers for hemostatic application. Also, collagen, gelatin, fibrin,
thrombin, and keratin polypeptides are used as other biopolymer sources in bleeding
control. In the following, the strategies used in improving the properties of hemostatic
polymer materials are reviewed. The research directions for this topic, which are of
interest to researchers, will be discussed.
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Fig. 1. Illustration of the blood coagulation process, including the formation of platelet plugs, activation of the coagulation

cascade, and creation of insoluble fibrin fibers [16].
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Fig. 2. The mechanism of adhesion of mucin in the esophageal mucosa with tannic acid in a neutral state and subsequent acid-

catalytic hydrolysis of tannic acid in the stomach in an acidic environment [27].
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Fig. 3. (a) The construction of chitosan and molecular changes
of chitin and (b) the coagulation mechanism of chitosan-based
materials, which causes the accumulation of red blood cells
due to the interaction between positively charged chitosan and

negatively charged red blood cells [38].
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Fig. 4. The structure of the chitosan molecule and its reactive

functional groups [45].
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Fig. 5. (a) Fabrication of biocompatible hemostatic hydrogel based on collagen nanofibers, polyvinyl pyrrolidone/chitosan/silver

(TS-Gel-Ag-col) and (b) coagulation time of the produced product in rat muscle injury, liver injury, and rabbit ear artery injury [82].
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Fig. 6. (a) structural changes to prepare gelatin from collagen

and (b) gelatin cross-linking process using glutaraldehyde.
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Fig. 7. (a) Fibrin sealant and its two components, (b) apply-
ing a sealant on the wound, and (¢) the possibility of applying

various clinical treatments for fibrin sealants [95].
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Fig. 8. Extraction of keratin-based proteins from human hair

for the application of hemostasis [99].
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Fig. 9. Liver incision model in rat: (a) exposed left lobe of liver preincision, (b) immediately after lateral incision by scalpel (the arrow is

located at the incision site), (c) heavy bleeding before applying the gel, which is indicated by the area marked with a dotted line, (d) using the

gel after cleaning the incision with sterile gauze, (e) the gel is left on the incision for 2 minutes, (f) the gel is removed at the end of a 2-minute

waiting period, (g) the incision indicated by the arrow is disturbed with sterile tweezers, (h) even after excessive disturbance, bleeding is not

observed (the cutting place is marked with a dotted line), and (i) image of a non-bleeding incision during site disturbance [103].
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Table 1. Different types of hemostatic materials based on biopolymers.

Biopolymer Hemostatic mechanism Limitation
Amino group with positive charge
Chitosan Accumulation of red blood cells Low solubility in water
Platelet adhesion
Blood thickening effect ) )
Starch Improper tissue adhesion

Platelet aggregation

Oxidized cellulose

Carboxyl group with negative charge
Complexation with iron ion

Activation and aggregation of platelets

Poor bioactivity for recovery
Potential risk of acidosis

Inflammation

Blood thickening effect

Alginate . . Low blood clotting ability
Carboxyl group with negative charge
Activation of platelets Risk of immunogenicity
Collagen . o L .
Activation of intrinsic pathway The possibility of pain or nerve numbness
Activation of platelets
Gelatin Blood thickening effect Risk of foreign body reaction
Activation of intrinsic pathway
Activation and aggregation of platelets Risk of immunogenicity
Thrombin Reaction with fibrinogen and activation of the | The possibility of disease transmission from the
intrinsic pathway extracted source
o ) Insufficient chemical stability
o Activation and aggregation of platelets ) ) o
Fibrin Lo ) Risk of immunogenicity
Increased binding of platelets and fibrinogen o ] o
The possibility of disease transmission
Platelet adhesion
Keratin Activating intrinsic and extrinsic pathways Extraction of complex proteins related to keratin
Promote fibrin clotting
Extraction of complex proteins related to snake
Polypeptide derived Activation of platelets venom

from snake venom

Activating intrinsic pathways

The possibility of disease transmission from the

extracted source
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1. Albadawi H., Altun 1., Hu J., Zhang Z., Panda A., Kim H.,
Khademhosseini A., and Oklu R., Nanocomposite Hydrogel

with Tantalum Microparticles for Rapid Endovascular
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