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Research progress on biomass and biomass-related hemostatic materials

AO Qing', ZHANG Ge', DING Gongtao' , WANG Zifan' , TEOW Yeit Haan? , SAJAB Mohd Shaiful®,
MA Zhongren', ZHAO Lei"

(1. Biomedical Research Center, Northwest Minzu University, Lanzhou 730030, China; 2. Faculty of Engineering and Built
Environment, The National University of Malaysia, Bangi 43600, Selangor Darul Ehsan, Malaysia)

Abstract: The rapid hemostasis and healing of wounds after trauma hold great significance to solve the bleeding
caused by accidents. Therefore, the development and application of related hemostatic materials have attracted
much attention. Biomass-derived materials such as proteins including keratin, silk fibroin, collagen and polysac-
charides including cellulose, chitosan, and alginic acid are favored by researchers because of their non-toxicity, low
antigenicity, good biocompatibility, and biodegradability, and have shown unprecedented application value in the
field of hemostasis. In this paper, the latest research results on the design, the preparation and the application of
biomass hemostatic materials are comprehensively reviewed, and their development prospects are prospected,
which will provide ideas for the development and practical application of new high-efficiency hemostatic materials.
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Table1 Existing commercial biomass hemostatic materials
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Table 2 Material types, in vivo models, and hemostatic effects of protein-based hemostatic materials

Slzrtl:;tf tie Type of material Model of hemostasis Hemostatic effect
. Injectable hydrogel®! Mouse model of liver injury Occlusion hemostasis was achieved in 90 s
Keratin Nanoparticles™ Rat model of liver injury and tail docking  The hemostasis time was 60 s and 90 s
Silk fibroin Composite sponge!'” Mouse model of liver injury 2 min 30 s to completely stop bleeding
Nanocomposite hydrogels®  Rat tail docking model The blood loss was only (183.4+50.1) mg
Porous sponges'™ Rat tail docking model Complete hemostasis in 5 min 20 s
Collagen  Nanofiber membranes™ Rabbit ear artery, liver injury model The hemostasis time was (95.4+10.05) s and

Self-healing hydrogel™

Mouse hemorrhagic liver model

(67.05+7.15) s
The blood loss was only (0.4+0.15) g
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Fig.2 (a) Photographs of blood loss after tail amputation and administration of SF-BGE, SFBGE/TA and SF-BGE/TA/ZnO hydrogel; (b) Blood loss from
injury rat tail of control, SF-BGE, SF-BGE/TA, and SF-BGE/TA/ZnO hydrogel (The results are reported as the meanztstandard deviation (n=3); Statistical

SF-BGE/TA

significance was analyzed by one-way ANOVA and Tukey's post hoc test (*p<0.05, **p<0.01))!
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Table 3 Material types, in vivo models, and hemostatic effects of polysaccharide hemostatic materials

Hemo.statlc Type of material Model of hemostasis Hemostatic effect
material
Composite sponge'™” Rat tail docking and liver injury model The blood loss was 159.46 mg and 80.44 mg
Nanocomposite fibers™ Lemonified human plasma, lemonified bovine The coagulation time was (143+19) s and
Cellulose P whole blood (67+5) s
Powder™ Mouse tail docking model The hemostasis time was 158 s, and the blood
loss was only 11.0 mg
Composite microspheres™ i\a irslodel of tail docking and liver laceration in The hemostasis time is 134 s and 99 s
Chitosan

Rat model of liver injury and femoral artery

Composite hydrogel® injury The hemostasis time was (53+3) s and (189+9) s
Composite po[ﬁf]’“s Rat model of liver laceration and tail breakage = The hemostasis time was (73+5) s and (134+5) s

Alginic acid microspheres

Foam™” Porcine liver injury model The hemostasis time is 5 min

i?greégzls[%]bem Rat model of femoral artery injury The hemostasis time <10 s
Starch

Powder!"® Rabbit model of ear vein, dorsal, femoral artery, The hemostasis time was 52's,46s, 122 s and

liver injury 102s

I?;u%i-el:r)[?‘gf d microporous Rabbit ear artery, liver injury model The hemostasis time is (108+5) s and (120+6) s
Hyaluronlc (3] . The hemostasis time was <60 s, and the blood
acid Sponge Mouse model of liver injury

Cryogel™! Rat model of liver injury

loss was only 23.2 mg

The hemostasis time is 72 s
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Fig.4 (a) Hemostasis time in rat tail amputation model; (b) Hemostasis time in rat liver laceration model; (c) Digital images of rat tail amputation and

liver laceration models (CSMS-K3 was applied onto A the tail cut and B on the liver injury; 5 min after application on the C rat tail cut and D the liver

laceration; Dark-red blood clot was formed on the injured sites, bleeding stopped)'®®!
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performance; (b) Clotting blood time; (c) Coagulation images; (d) Schematic hemostasis of PGA/Alg/Ag NPs microspheres ((1) The hemostatic agent
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