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Abstract 15 

Prolonged bleeding is a general complication that occurs after tooth extraction or oral 16 

surgery. Thus, patients must apply pressure and use absorbable wound dressings to stop 17 

bleeding and prevent blood loss. This method can stop bleeding and create blood clotting. 18 

However, some people have bleeding disorders or cannot stop bleeding with applied pressure 19 

after oral surgery. Therefore, hemostatic foam dressing has been an interesting material that 20 

can be used to stop bleeding and not damage blood clotting in the wound site. In this study, 21 

foam was prepared using a blend of starch with carboxymethyl chitosan and glyoxal as a 22 

crosslinking agent. The foam was formed by freeze-drying. Carboxymethyl chitosan/starch 23 

foam can absorb and hold water rapidly as analyzed by blood clotting assay and maximum 24 

swelling. Thus, carboxymethyl chitosan/starch foam (CM/starch foam) in a 1:4 ratio with 1% 25 

glyoxal can also absorb blood very well with suitable properties. It is non-cytotoxic to human 26 

dermal fibroblast cells by MTT assay and has good mechanical properties in a wet environment. 27 

 28 
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Prolonged bleeding is a common problem. It is usually caused by either trauma or 33 

surgery of the soft tissue. Platelet activation during the primary hemostatic releases a number 34 

of important cytokines, which start the healing process via chemotactic signals to inflammatory 35 

and resident cells. If a wound continues to bleed, healing is delayed because of the disturbed 36 

formation of blood clots. Thus, a wound is typically filled with wound filler after receiving 37 

damage, such as gauze or foam to allow pressure to be passed on and distributed evenly over 38 

the wound bed. Then, the wound is sealed with an adhesive film dressing following the 39 

formation of granulation tissue to accelerate wound healing. Therefore, wound filler is very 40 

important for absorption and to stop bleeding in a wound. The wound filler should inhibit 41 

bleeding, be easily removed without trauma to the wound, nontoxic, anti-inflammatory, and 42 

antibacterial. It should also have the ability to absorb excess exudates and be flexible. In 43 

commercial usage, gauze is usually used because of its ease of application to large and irregular 44 

wounds. Previous results found that wound contraction was more pronounced for foam than 45 

for gauze. This cause observed that foam could easily promote wound healing [1, 2]. Recently, 46 

foam wound dressings have been utilized for the treatment of wound dressing because they can 47 

quickly absorb water from blood to concentrate on native elements of coagulation at the site of 48 

bleeding, are non-occlusive and gas-permeable owing to their open cell structure, and absorb 49 

excess exudates [3]. Thus, foam is the best material in this work to heal a wound. Further, foam 50 

is a candidate for other applications. The typical types of foam used are polyurethane foam or 51 

silicone foam. They commonly use a synthetic polymer with a hemostatic agent, which 52 

increases hemostatic efficiency. However, polyurethane foam and silicone foam have many 53 

disadvantages as well, such as some solvents used being toxic and the price of hemostatic agent 54 

being expensive.  For this reason, this study tried to avoid using chemical solvents by water 55 

and decreased the cost of materials by using natural materials that are easily found and wildly 56 

used in medical application. Hence, materials used in this work are obtained from natural 57 

products, which are corn starch and carboxymethyl chitosan (CM) [4].  58 

CM is a material sourced from chitosan and obtained from nature, such as shrimp. The 59 

properties of CM include water-soluble, non-cytotoxic, biocompatible, and biodegradable. It 60 

has various uses in biomedical applications, especially for wound healing and for hemostatic 61 

materials. To improve the mechanical properties of CM and decrease the cost of hemostatic 62 
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foam, corn starch was used in this properties [5]. Corn starch is a material for biocompatible 63 

hemostasis, biocompatible adhesion prevention, tissue healing promotion, absorbable surgical 64 

wound sealing and tissue bonding. Moreover, the starch rapidly absorbs fluid from the body 65 

without complications [6]. The advantages of corn starch are its high viscosity and high 66 

strength. The drawbacks of corn starch include its inflexible properties and the potential to 67 

damage the wound site. Accordingly, we will add plasticizer to improve the flexibility of the 68 

foam. It may help to improve the mechanical properties of the foam. Glycerol is a common 69 

plasticizer and used in food products because it is nontoxic, low-cost and water-soluble as well 70 

as having biocompatibility [7]. To blend corn starch with CM, a crosslinking agent is very 71 

significant because corn starch and CM can be dissolved in water and be degraded by tissue 72 

fluid such as the lymph in wounds. We have to crosslink corn starch and CM by using a cross-73 

linking agent to protect degradation. Glyoxal is generally used as a crosslinking agent because 74 

it is non-toxic in low concentrations, is low cost, easy to use and has high potential to crosslink 75 

by aldehyde group. Therefore, we have to vary the amount ratio of glyoxal to protect toxicity 76 

[8, 9]. 77 

For foam formation, there are many methods used to prepare the foam by using starch 78 

as a primary role material, such as baking and extrusion. According to sensitivity with high 79 

temperature, using a freeze-drying method is one of the best choices for foam formation. As 80 

such, this work focuses on a freeze-drying method because it is a common and easy method 81 

for making sponge or foam. It is used for materials that are heat-sensitive, such as proteins. 82 

Freeze-drying can effectively remove solvents. Moreover, the product of a freeze-drying 83 

method is light weight. 84 

The objective of this study was to evaluate the safety of CM and corn starch with a 85 

glyoxal crosslinking agent in various ratios as well as to study the morphology, water 86 

absorbance, mechanical properties, and blood clotting index of foam for used as a low-cost, 87 

disposal, hemostatic material. 88 

2. Materials and methods 89 

2.1 Materials  90 

 The starch used to fabricate the foam was of practical grade and obtained from Sigma-91 

Aldrich, USA. CM was purchased from Xi’an Lukee Biotech Co., Ltd., China. Glycerol and 92 
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glyoxal 40% aqueous solution were purchased from Sigma-Aldrich, USA. Ethanol 96% in AR 93 

grade and Acetone in AR grade were purchased from RCI Labscan, Thailand. 94 

2.2 Fabrication of CM/starch foam 95 

Hemostatic foam dressing was prepared by freeze-drying method. Briefly, corn starch 96 

powder was dissolved in water to obtain 5% w/v solution under constant stirring to form a 97 

homogeneous solution. This reaction solution was kept stirring at 100 °C for 1 hour. CM 98 

solution was prepared at a concentration of 1 % w/v in distilled water with mechanical stirring 99 

at 500 rpm and heating at 90 °C until a homogeneous solution. All solutions were cooled to 100 

room temperature and air bubbles in the solutions were removed by settling at room 101 

temperature. All solutions were mixed together by varying the ratios between CM and corn 102 

starch at 1: 1, 1:3, 1:4, and 0:1 by weight. Then, 1% v/v of glycerol was added to the mixing 103 

solution in all formulas with mechanical stirring at 500 rpm until a homogeneous solution was 104 

formed. Glyoxal with the concentrations of 1 % and 3 % w/v was used as crosslinking agent 105 

into each formula, respectively. The ratios between CM and corn starch at 1: 1, 1:3, 1:4, and 106 

0:1 by weight with 1% w/v glyoxal crooslinking agent was coded as CM1:ST1-G1, CM1:ST3-107 

G1, CM1:ST4-G1, and Pure Starch-G1, respectively. The compositions of different 108 

formulations of CM/starch at 1: 1, 1:3, 1:4, and 0:1 by weight with 3% w/v glyoxal crooslinking 109 

agent was coded as CM1:ST1-G3, CM1:ST3-G3, CM1:ST4-G3, and Pure Starch-G3, 110 

respectively. Subsequently, the solution was stirred with a mechanical stirrer at room 111 

temperature. The homogeneous solution was left at room temperature for 3 hours to continue 112 

the crosslinking reaction. Finally, the solution was frozen at -20 °C for 24 hours and then 113 

freeze-dried for 48 hours to obtain CM/starch foam. 114 

2.3 Compression test 115 

 The compression test for CM/starch foam.were performed and the samples with 116 

cylinder-shaped in a diameter of 15 mm and a height of 10 mm were used (A.B. Castro-Cesena 117 

et al., 2016) [10]. The samples were rehydrated in phosphate buffer solution (PBS) at room 118 

temperature for 30 min. The mechanical properties of samples were determined by a universal 119 

testing machine (Lloyd) in compression mode. The constant speed of compression deformation 120 
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was set to 1.25 mm/min with a 500 N load cell at room temperature. The measurements were 121 

repeated for triplicate and the average means ± standard deviation values were reported. 122 

2.4 Gel Fraction  123 

 Gel fraction of hydrogels was evaluated by measuring their insoluble parts after 124 

extraction from the distilled water [11]. The CM/starch foam were cut into cylinder shape with 125 

a diameter of 15 mm and a height of 10 mm.  The dried samples were weighed (Wi) and 126 

immersed in distilled water for 24 h, then the samples were dried in a vacuum oven at 70 °C to 127 

constant weight (We).  Each of samples were carried out in triplicate and the gel fraction was 128 

calculated using equation. (1): 129 

  Gel fraction (%) = 








i

e

W

W
 x 100          (1) 130 

Where Wi and We are the weight of dried foam and weight of the dry samples after removing 131 

soluble part. 132 

2.5 Surface Morphology 133 

 The surface morphology of samples was analyzed by scanning electron microscopy 134 

(SEM) to observe the homogeneous blending of the foam. For that purpose, the foam was 135 

vacuum-coated with gold and analyzed with a Hitachi/S-4800 scanning electron microscope. 136 

2.6 In Vitro Blood Clotting  137 

 The vitro blood clotting followed S.Y. Ong et al. (2006) [12]. All samples were 138 

cut and placed into flat-bottom bottles. The bottles were pre-warmed at 37 °C for 5 minutes. 139 

Afterwards, 0.3 ml of mixing blood and ACD (anticoagulant citrate dextrose) ratio 9:1 was 140 

slowly dropped on each sample, followed by 0.03 ml of 0.2 M CaCl2. The bottles and samples 141 

were kept at 37 °C for 10 minutes. Subsequently, 10 ml of DI water was carefully added into 142 

each bottle without disturbing the blood clot. 5 mL of solution was sampling and diluted 5 143 

times with distilled water. All sampling was kept at 37 °C for 60 minutes. The blood clotting 144 

test was determined by UV-Vis spectrophotometer at 542 nm. The blood clotting index (BCI) 145 

was calculated by equation (2): 146 

  BCI Index = 
) water DIin  blood ACD of e(absorbanc

)solution  sampling blood of e(absorbanc x 100   (2) 147 

 148 
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2.7 In vitro cytotoxicity assay  149 

2.7.1 Cell culture 150 

 Human dermal fibroblast cells were purchased from GIBCO, Grand Island, NY 151 

and culture in a 24 well culture plate with Dulbecco’s Modified Eagle’s Medium (DMEM) with 152 

10% fetal bovine serum (FBS) and 1% antibiotic/antimycotic solution. The culture plate was 153 

incubated at 37 °C under humidified atmosphere comprising 5% CO2 air. 154 

2.7.2 Indirect cytotoxicity of CM/starch foam 155 

 The indirect cytotoxicity studies of CM/starch foam was demonstrated using MTT 156 

assay adapted from ISO 10993-5 standard test. The samples with 1.5 cm in a diameter circular 157 

shape were sterilized by 75 % ethanol for 30 min and washed with phosphate buffer solution 158 

(PBS) three times and then placed in the culture medium for 24 h in humidified, 5% CO2 at 37 159 

°C to produce extraction media. The human dermal fibroblasts were seeded into 24-well plate 160 

with a density of 4 × 104 cells/well and incubated for 24 h. After this, the extraction medium 161 

replaced with the DMEM medium and incubated further another 24 h. Cell viability was 162 

determined using MTT assay. In brief, a 500 µL MTT solution was added to each well and 163 

incubated for 2 h At 37 °C. The MTT solution was replaced by 900 µL of DMSO and 125 164 

µL/well glycine buffers (pH 10) to dissolve purple formazan crystals. The optical density (OD) 165 

value in each well was quantified at 540 nm by using a microplate reader and the cell viability 166 

(%) was calculated related to nontreated control cells using the following equation (3):  167 

                     Cell viability (%) = 𝑂𝐷 𝑡𝑒𝑠𝑡𝑂𝐷 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 × 100             (3) 168 

2.8 Swelling behaviors 169 

 Water absorption of CM/starch foam was investigated by immersing the sample 170 

in phosphate buffer solution (PBS) at pH 7.4. The foams were cut into cylinder shape with a 171 

15 mm diameter and thickness 10 mm, then the initial weight of dried samples was measured 172 

as the Wi (g). Each foam samples was immersed in15 mL of PBS solution. The swollen samples 173 

were removed at each time points (5, 15, 60, 180 min) and excess water was removed on the 174 

surface by filter paper. The weights of the swollen samples were recorded as the Ws. The 175 

swelling ratio as a function of immersion time were calculated from the following equation (4): 176 

  swelling ratio (%) = 






 

i

is

W

WW
 x 100 (4) 177 
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                    Where Ws is the weight of foam at equilibrium swelling and Wi is the initial dried 178 

sample weight. 179 

2.9 The Porosity  180 

 The porosity of the foams was examined via liquid displacement method following 181 

the protocol described by Ong et al. [12] In brief, the foams were immersed in a known volume 182 

(V1) of absolute ethanol for 15 min. The total volume of absolute ethanol and the foam was 183 

recorded (V2). Thereafter, the ethanol-impregnated foam was removed and the residual volume 184 

of ethanol was recorded (V3). % porosity was calculated by equation. (5): 185 

 186 

                        % Porosity =  
32

31 100  

VV

xVV


  (5) 187 

2.10 Statistical Analysis 188 

 All data was in the form of mean ± standard deviation (SD). Statistical analysis 189 

was achieved by SPSS 12 using a one-way analysis of variance (ANOVA) followed by Scheffe’s 190 

post hoc multiple comparisons test and p < 0.05 was considered significant. 191 

3. Results and Discussion 192 

3.1 Preparation of CM/starch foam 193 

The CM/starch foam (Figure 1) was prepared in a different ratio between 194 

carboxymethyl chitosan and starch with different concentrations of glyoxal. The color of the 195 

physical appearance of foams for each formula shows that it has a yellowish color in specimens. 196 

 197 

 198 

Figure 1. Appearance of CM/starch foam in different ratios and concentration of glyoxal after 199 

retaining PBS solution 200 
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3.2 Gel Fraction 201 

The gel fraction was the method used to calculate the efficiency of crosslinking by using 202 

dissolved material into the water and keeping it for several days. In many experiments, results 203 

are shown when you increase the amount of crosslinking agent. The structure will increase in 204 

mechanical properties and swelling properties as well as the stability of the substance. In this 205 

experiment (Figure 2), gel fraction was detected at one day because the application of this work 206 

uses materials in the short term. The ratio between CM and starch with 1:1 shows no difference 207 

when adding increased glyoxal, likely because the reaction between glyoxal and the free-amino 208 

group of CM has high reactivity more than for reactions of CM with the hydroxyl of starch 209 

[13]. 210 

The effect of crosslinking increases with higher concentrations of the free-amino group. 211 

In contrast, ratios of starch increase cause the percentage of crosslink to increase because some 212 

of the glyoxal can react with the hydroxyl group of starch. By the way, the ratio between CM 213 

and starch 1:4 shows that the content of starch is higher than CM. Thus, the amount of hydroxyl 214 

group is more than the amino group. The gel fraction of 1 % glyoxal is not different from 215 

another ratio when comparing between concentrations of glyoxal. In this case, the gel fraction 216 

decreases because the efficiency of glyoxal with starch is good at high temperatures or in low 217 

pH. However, this experiment used heat treatment only. The results were shown to be similar 218 

to those by Uslu et al. [8]. When the percentage of glyoxal increases with a starch solution, 219 

efficiency decreasing. Moreover, glycerol and glyoxal are water soluble. Thus, they can 220 

dissolve in water and some parts of substances are destroyed, which causes loss of weight in 221 

the sample. From the statistical results, it can be shown that there is no significant difference 222 

except in CM1: ST4, which shows a significant difference. Overall, the results show the 223 

stability of foams with a high average gel fraction (Over than 80 %). 224 
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 225 
Figure 2.  Gel fractions (% ) of foam *  indicates the significantly different at the 0. 05 level 226 

(p<0.05) 227 

3.3 Swelling behaviors 228 

The swelling ratio of foam was measured in a PBS buffer (pH 7.4) in order to evaluate 229 

the capacity of foam to hold a wet environment, which is an important factor when applied 230 

onto an open wound surface. The foam was weighed and then incubated in a phosphate buffered 231 

solution (PBS, pH 7.4) [14]. 232 

The results showed the ability of the foam with water to significantly influence keeping 233 

the blood plasma and solution from the body. Swelling properties of CM/starch foam are 234 

represented (Figure 3). From the results of maximum swelling, the result of using glyoxal 1 % 235 

(w/v) indicated that the mixture between CM increased to maximum in the first 15 minutes 236 

and then slowly dropped with increasing time. This is because starch and CM are in higher 237 

amounts in the hydrophilic group (Figure 3a). Thus, foam can absorb maximum solution in the 238 

first 15 minutes, but will decrease effectiveness over time. The swelling could be decrease 239 

slowly because some parts of the starch, such as glycerol content and some parts of 240 

uncrosslinking, are dissolved in the water. Uslu et al. showed the result of maximum swelling 241 

with increasing time. When increasing the concentration of glyoxal, maximum swelling 242 

dropped because the ability to crosslink was low. 243 
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The relationship between maximum swelling (% ) and gel fraction (% ) was in the same 244 

direction.  For pure starch in different percentages of glyoxal, the gel fraction showed no 245 

different result.  In terms of maximum swelling, it shows the same trend.  The result of 3 % 246 

glyoxal shows maximum swelling at 1 hour, which then decreases slightly (Figure 3b).  The 247 

result shows that increasing the percentage of crosslinking decreases water absorbance.  The 248 

previous result explained that glyoxal is commonly used in the paper industry. The trend of % 249 

glyoxal in various ratios was in the same direction.  From the results, the ability of 1 %  has 250 

maximum swelling at 15 minutes and 3 %  maximum swelling at 1 hour.  This result can be 251 

applied to the time used to absorb the bleeding of blood because bleeding should be stopped as 252 

soon as possible to prevent excessive blood loss [8, 15].  253 

 (a) 254 

 255 

 256 

 257 

 258 

 259 

 260 

 261 

 262 
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(b) 263 

 264 

Figure 3. Swelling ratio (%) of foam with increasing of times 265 

3.4 Structure Characterization 266 

The morphology of foam with different ratios between CM and starch with different 267 

concentrations of glyoxal (1 % and 3 % by weight) were analyzed by SEM (Figure 4). SEM 268 

micrographs of the cross-sections of the foams showed that morphology changed with 3 % 269 

concentration of glyoxal. These SEM micrographs reveal the presence of an open macro porous 270 

framework. It is well confirmed that the composites of CM and starch foams usually present a 271 

porous structure. Although SEM does not provide quantitative information about porosity, it 272 

can be seen that foams with 3 % glyoxal have smaller pores than 1 % glyoxal. The 273 

concentration of glyoxal directly affects the porous size of foam. (4A) and (4B) showed the 274 

cross section of starch with glyoxal in different concentration only. The picture shows that 275 

increasing the concentration of crosslinking, decreases the quantity of pores. When combining 276 

CM with starch in ratios of 1:1, 1:3, 1:4 by weight with 1 % glyoxal (1A, 2A and 3A), it exhibits 277 

the rough surface because a low concentration of glyoxal may be make some parts of CM 278 

interact together and infiltrate into starch to react with it. 3 % glyoxal and CM and starch in 279 

various ratios (1B, 2B, 3B) show smooth surfaces because the amount of glyoxal is sufficient 280 
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to react between CM and starch. Therefore, increasing the amount of glyoxal makes foam have 281 

smaller pores and a smooth surface.  282 

 283 

 284 

 285 

 286 

 287 

 288 

 289 

 290 

 291 

 292 

 293 

 294 

 295 

 296 

 297 

 298 

 299 

 300 

 301 

 302 

 303 

 304 

 305 

 306 

 307 

 308 

 309 

Figure 4. Representative SEM micrographs showing the cross section of CM: Starch foam. 310 

(1A) 1:1, (2A) 1:3, (3A) 1:4, (4A) Pure Starch with 1 % glyoxal. And (1B) 1:1, (2B) 1:3, (3B) 311 

1:4, (4B) Pure starch with 3 % glyoxal 312 

 313 
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3.5 Porosity (%) 314 

The most important thing for a material is porosity because it can indicate the ability of 315 

pores to absorb the liquid solution from a wound [11].  Porosity is the measure for percentage 316 

of pores in each sample.  The original porosity of foam is measured through the ethanol 317 

replacement method [16].  The result shows that the porosity of 1 %  glyoxal is more than 90 318 

percent (Figure 5). 1 % glyoxal shows a loose structure. Thus, crosslinking was added into the 319 

substance with increased concentration.  The structure of foam was dense because polymer 320 

chains have connected between each other.   The morphology of the samples shows that when 321 

increasing the crosslinking percentage causes the structure to collapse and lose porosity 322 

because the polymer chains are packed closely.  However, CM1: ST4- G3 shows a significant 323 

difference because the effectiveness of crosslinking in gel fraction is lower.  Therefore, the 324 

structure is loose.  325 

 326 

Figure 5.  Porosity of CM: starch foam in various ratios.  327 

* indicates the significantly different at the 0.05 level (p<0.05).  Error bars show one standard 328 

deviation of the mean 329 

 330 

 331 

3.6 Mechanical Properties 332 
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Compression tests were performed on all fabricated foam samples. Foams were loaded 333 

at a strain rate of 1 x 10−3 s−1 to 75 % strain using a LOYD machine with a 500 N load cell. 334 

Elastic modulus was calculated from the slope of the stress-strain curve in the linear region 335 

over a 2 % strain range within all data between 0 and 10 % strain [10]. 336 

For application use with a wound, material was used that should have low elastic 337 

modulus. This means that low elastic modulus is comfortable to the wound and does not 338 

damage the wound. Figure 6 represents the elastic modulus of CMC/starch foam. The behavior 339 

of foam shows low modulus because the foam is a soft material. Similar to all bio-composites, 340 

CM and starch exhibited elastic modulus curves characteristic of elastic foams. However, 341 

differences such as crosslinking concentration and the addition of CM or concentration of 342 

starch led to structural characteristics that directly affected the mechanical response of the 343 

foams. For 1 % glyoxal (Figure 6 a), the ratio between CM: ST was 1:3 and had the highest 344 

elastic modulus of 748.82 ± 16.64. The ratio between CM: ST was 1:1, which had the lowest 345 

elastic modulus of 195.38 ± 36.59. The pure starch shows low elastic modulus because 346 

crosslinking has lower efficiency with a hydroxyl group. This method controlled the 347 

temperature and crosslinking time. Thus, crosslinking for hydroxyl was slower than for the 348 

free-amino group [8]. The suitable material with 1 % glyoxal is CM1:ST1 because of its lower 349 

elastic modulus. 350 

For 3 % glyoxal (Figure 6 b) the pure starch has the highest elastic modulus was 351 

11641.73 ± 998.99. The ratio between CM: ST was 1:3, which has the lowest elastic modulus 352 

of 168.76 ± 28.60. Pure starch shows the highest elastic modulus because the percentage of 353 

glyoxal is too high to react with the hydroxyl group of starch. In the physical properties of pure 354 

starch, the hardest material is shown. The lowest is CM1:ST3 because of the previous reason 355 

from gel fraction. 3 % glyoxal has low mechanical defect in the specimen and trapping of the 356 

free amino group in the large particle in the starch phase. The result between 3 % glyoxal and 357 

1 % glyoxal is different and significant. (a) 358 
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 359 

(b) 360 

 361 

Figure 6. Elastic modulus of CM/starch foam in various ratios with (a) 1 % and (b) 3% w/v 362 

of glyoxal 363 

 *indicates the significantly different at the 0.05 level (p < 0.05). Error bars show one standard 364 

deviation of the mean. 365 

 366 

 367 
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3.7 Cytotoxicity 368 

Cytotoxicity is a method used to determine cell availability and cytotoxic effects by 369 

using a colorimetric assay that indirectly measures the metabolic activity of living cells based 370 

on the reduction of MTT reagent [17]. Cytotoxicity was examined by the viability of cells. The 371 

results are shown in Figure 7. For standard testing, non-toxic material can be used with humans 372 

because it must have a percentage of cell viability greater than 80 % .  The low percentage of 373 

cell viability is toxic material.  In this research, we used human fibroblast cells to be 374 

representative for cytotoxic testing.  We can estimate the amount of released glyoxal from 375 

chitosan- starch foam dressing.  Glyoxal has the same structure as glutaraldehyde, but it has a 376 

short chain.  Thus, we needed to test cytotoxicity to confirm that glyoxal can be used in a 377 

hemostatic wound dressing.  A cultural- grade polystyrene well plate is generally used as 378 

positive control in the MTT assay.  Moreover, a polystyrene plate can promote a higher cell 379 

growth rate because of the distribution of nutrients, which is different in a polystyrene plate. In 380 

the results, the ratio of CM and starch with glyoxal in various percentages show cell availability 381 

greater than 100 % .  We illustrate that other factors such as the microstructure of the foam 382 

directly influences the viability of the cells seeded on the foams. In this case, higher absorbance 383 

is interpreted as the higher number of cells attached to the scaffolds.  Other reports show that 384 

the incorporation of starch to foam increased cell viability.  As dental fillers, however, these 385 

materials should prevent volume reduction after tooth extraction. An ideal graft material placed 386 

in extraction sockets should also promote healing to allow initiation of osteogenesis [10]. 387 
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 388 

Figure 7. Viability of human dermal fibroblast cells on CM/starch foam (n = 3/group). Error 389 

bars show one standard deviation of the mean. 390 

* indicates the significantly different at the 0.05 level (p<0.05) 391 

3.8 Blood Clotting Index 392 

Uncontrolled hemorrhaging is the main cause of death. Thus, absorbable hemostatic 393 

agents have been developed to prevent prolonged bleeding [18]. An ideal hemostatic agent 394 

should be lightweight, easy to store, and able to be rapidly applied to a hemorrhaging wound. 395 

It should be conformable to the wound, allowing the hemostatic agent to reach areas of injury 396 

that may be difficult to access with direct pressure. The dressing should cause minimal local 397 

tissue reestablishment, be easily removable from the wound, and not carry particles which can 398 

spread systemically. The dressing must not be washed away by rapid bleeding from high-flow 399 

blood vessels [19]. Many experiments have demonstrated that CM can be applied for 400 

hemostasis and the acceleration of wound healing. However, more studies are necessary to 401 

determine whether CM has significant effects on the coagulation and fibrinolytic functions of 402 

an organism after absorption [20]. Another study shows that CM attracted and activated the 403 
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platelets most effectively, probably because of its carboxyl functional group being similar to 404 

that of collagen fiber in the vascular endothelium [5].  405 

The results of various ratios for CM/starch foam with 1 % glyoxal on blood clotting 406 

index (BCI) (Figure 8 a) show that the ratio CM:ST;1:3 had the lowest BCI. It can be described 407 

that CM can trap the blood clotting very well and release some of the red blood cells that were 408 

not trapped in the porous. In our experiment, increasing the starch ratios into the mixtures 409 

showed a decrease in blood clotting index. In previous experiments [10], the granules of starch 410 

act as molecular sieves that locally dehydrate blood by absorbing its fluids and molecular 411 

components, concentrating platelets and other serum proteins on the surface of the scaffolds. 412 

This activates the clotting process. However, the blood-clotting response of the foams was 413 

improved when starch was doubled from 3-4, i.e. foam 1:3 and 1:4 clotted more blood than 414 

foam with composition 1:1 (P < 0.05) after 5 min of contact with blood (P < 0.05). 415 

The results of various ratios of CM/starch foam with 3 % glyoxal on blood clotting 416 

index (BCI) (Figure 8 b) show that the ratio CM:ST; 1:4 is the best for use with 3 % glyoxal. 417 

We can describe that using a higher concentration of glyoxal makes the structure of foam 418 

collapse inside of it. Thus, it is clear that BCI is higher than using 1 % concentration. The 419 

ability to absorb foam depends upon the absorbed blood platelets, porosity, efficiency of 420 

crosslinking, and attractiveness of the functional group and blood platelets.  421 

 422 

 423 

 424 

 425 
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 427 

 428 

 429 

 430 

 431 

 432 

 433 

 434 

(a) 435 
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 436 

 437 

(b) 438 

 439 

Figure 8. The effect of various ratios of CM/starch foam with (a) 1 % and (b) 3 % glyoxal on 440 

blood clotting index (BCI) 441 

 * indicates the significantly different at the 0.05 level (p<0.05) Error bars show one standard 442 

deviation of the mean. 443 

4. Conclusions 444 
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Various ratios between carboxymethyl chitosan/starch were blended with glyoxal in 445 

concentrations of 1 % and 3 % (w/v). Subsequently, the mixture solution was freeze-dried for 446 

24 hours into foam. The results showed a significant amount of carboxymethyl chitosan and 447 

starch with blood clotting properties. The ratios between carboxymethyl chitosan/starch were 448 

significant in the role of swelling, porosity and blood clotting properties. The porosity of the 449 

materials shows the highest percentage in CM1:ST3-G1. The mechanical properties are the 450 

highest at pure starch-G3. Therefore, increasing the concentration with carboxymethyl chitosan 451 

will decrease the mechanical properties in low elastic modulus. Crosslinking is significant with 452 

mechanical properties. From experimentation with gel fraction and maximum swelling, it was 453 

shown that this foam is suitable for use in the short term because gel fraction is high in initial 454 

time (24 hours) and maximum swelling of 1 % and 3 % glyoxal is 15 minutes and 1 hour, 455 

respectively. The morphology and porosity of carboxymethyl chitosan/starch foam is 456 

dependent on the crosslinking concentration. Blood clotting index showed the efficiency of 457 

carboxymethyl chitosan to stop bleeding. Carboxymethyl chitosan/starch foam successfully 458 

enhances swelling, blood clotting, cytotoxicity activity and good mechanical properties for use 459 

as a hemostatic dressing. Costs can be reduced by using starch material that is low-cost, easy 460 

to find and can stop bleeding rapidly. 461 
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Figures

Figure 1

Appearance of CM/starch foam in different ratios and concentration of glyoxal after retaining PBS
solution



Figure 2

Gel fractions (%) of foam * indicates the signi�cantly different at the 0.05 level (p<0.05)



Figure 3

Swelling ratio (%) of foam with increasing of times



Figure 4

Representative SEM micrographs showing the cross section of CM: Starch foam. (1A) 1:1, (2A) 1:3, (3A)
1:4, (4A) Pure Starch with 1 % glyoxal. And (1B) 1:1, (2B) 1:3, (3B) 1:4, (4B) Pure starch with 3 % glyoxal



Figure 5

Porosity of CM: starch foam in various ratios. * indicates the signi�cantly different at the 0.05 level
(p<0.05). Error bars show one standard deviation of the mean



Figure 6

Elastic modulus of CM/starch foam in various ratios with (a) 1 % and (b) 3% w/v of glyoxal *indicates
the signi�cantly different at the 0.05 level (p < 0.05). Error bars show one standard deviation of the mean.



Figure 7

Viability of human dermal �broblast cells on CM/starch foam (n = 3/group). Error bars show one
standard deviation of the mean. * indicates the signi�cantly different at the 0.05 level (p<0.05)



Figure 8

The effect of various ratios of CM/starch foam with (a) 1 % and (b) 3 % glyoxal on blood clotting index
(BCI) * indicates the signi�cantly different at the 0.05 level (p<0.05) Error bars show one standard
deviation of the mean.


