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Nile tilapia (L.) (Class: Actinopterygii) & Blapspolychresta (Forkscal) (Class: Insecta) are used as natural 
alternative sources for chitin extraction. Through acid-based deacetylation, chitosan with different 
degree of deacetylation was prepared. Structural and physiochemical properties of extracted chitosan 
were achieved by several techniques and compared with crustaceous commercial one. The effect of 
chitosan phosphate saline solution (pH) on human Red and White blood cells, platelets and coagulation 
parameters (Fibrinogen plasma protein, Prothrombin time (PT) &Thromboplastin time (PTT)) in vitro are 
evaluated. Due to the dielectric properties of these physiological saline chitosan solutions, their results 
are significant at acidic media during Hematological analysis and Coagulation assay. So these are 
potential convenient cheap sources for biopharmaceutical, biomedical and industrial applications. 
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INTRODUCTION 

After cellulose, chitin, which is made-up of a 
β-(1,4)-2-acetamido-2-deoxyD-glucose repeating 
units' structure, is the most abundant 
polysaccharide in the world found in crustacean 
shells, fungi, insects, shell waste of shrimps, krill, 
crabs and other biological materials[Dash, 2011; 
Arabia, 2013;Rawda and Hadeer , 2015]. 
 

 
 
Cellulose R*=OH Chitin R*=NHCOCH3Chitosan 
R*=NH2 
Figure 1: Difference in structure between 
cellulose, chitin and chitosan 
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The numbers on its ring are conventionally 
assigned to the six carbons in the glucopyranose 
ring, from C-1 to C-6. Substitution at C-2 (R*) may 
be a hydroxyl (cellulose), acetamido(chitin) or 
amino group (Chitosan) (Figure 1). The degree of 
deacetylation (DD) serves as a diagnostic to 
classify the biopolymer as chitin or chitosan 
[Dash, 2011; Rinaudo, 2006]. Chitin contains 
more than 50% (commonly 70 to 90%) of 
acetamido residues on the C-2 of the structural 
unit, while amino groups predominate in chitosan. 
Regarding to the contrary between cellulose, 
chitin and chitosan structures (Figure 1); chitosan 
was very soluble in acidic solution according to its 
low degree of N-acetylation. This structure earns 
chitosan some characteristics such as highly 
biodegradability, biocompatibility, renewable and 
environmentally non-toxic polysaccharide. Hence, 
chitosan has a great attention to employ in 
solution (at acid pH values, the amino groups 
become cationic, promoting the dissolution of 
chitosan) or material as bioactive molecules in lot 
of applications such as for example: anti-oxidant 
agent, anti-tumoral agent, drug delivery agent, 
anti-microbial and with several applications 
including wound dressings, tissue engineering, 
implant coatings and therapeutic agent delivery 
systems [Mati-Baouche, 2014; Laroche , 
2018].Recently chitosan and its chemical 
derivatives were classified as a one of the 
potential biomaterial to be used in hematological 
applications and wound healing due to its 
antimicrobial and anti-inflammatory nature[Ahmed 
and Ikram, 2016].That's due to the positively 
charged generated during processing of chitin into 
chitosan, which allows it to interact with many 
negatively charged molecules such as gram-
positive bacteria, blood cells, proteins, metals and 
lipids [Lee, 2009].It was found in several reports 
its relation with putative immunological properties 
due to its ability to enhance the function of 
different cell types, such as poly-morphonuclear 
leukocytes, macrophages and fibroblasts 
[Porporatto, 2003]. In addition to play an important 
role in accelerating the infiltration of inflammatory 
cells in vivo, as well as the production of biological 
mediators, and also enhances wound healing 
[Barbosa, 2010].  

The aim of this study to evaluate the effect of 
natural chitin/chitosan solution with different 
deacetylation and pH's on human blood cells, 
fibrinogen plasma protein,prothrombin and partial 
thromboplastin time in vitro. 

 
 

 
MATERIALS AND METHODS 

In this study three types of chitosan were 
used commercial chitosan which taken as a 
control with degree of deacetylation 60% (chitin 
laboratory reagent qualikens fine chemicals), and 
other two types of natural chitosan extracted from 
two different species exoskeleton belonged to 
Dark Beetle, Blapspolychresta (Forkscal) 
(Arthropoda- Insecta) and Ray-finned fishes, Nile 
tilapia (Chordata- Actinopterygii). 

Chitosan extraction: 
Beetles were killed by freezing at 3Co, the 

internal organs are eliminated, grinding to powder 
and finally weighted. Deproteination take place by 
immersed dried crude chitin powder in 10% KOH 
for 48hr at room temperature. Then filtrated and 
washed repeatedly by distillated water. Finally the 
samples are dried at room temperature. While fish 
scales was prepared by soaking of cleaned dried 
fish scales in 10% KOH at room temperature for 2 
hour, filtrate  was washed by distillated water and 
dried at room temperature then treated with 
excess amount of 5% acetic acid for 12hr at 40Co 
for achieving demineralization step [Rawda and 
Hadeer , 2015]. 

Characterization of extracted chitosan: 
The structure of the extracted chitosan was 

examined using FTIR, XRD and UV 
Spectrophotometer. FTIR spectra were measured 
in the 4000-400 cm-1 region with samples 
dispersed in KB r pellets by Nicolet 6700 at 4 cm-1 
resolution by Infrared spectrophotometry.  

The degree of deacetylation (DDA) was 
calculated according to the following equation 
[Akila, 2014] 

DD=100-[
𝐴1655

𝐴3450
×100

1.33
] 

 
X-ray powder diffraction patterns of the 

samples were collected on a Philips 
diffractometer, (X’pert MPD) with Cu-Kα radiation. 
The diffracted intensities were collected in step-
scan mode (step size 2θ=0.02°; counting time 2 
sec) in the angular range 2θ =20-80°.Crystallinity 
index (CI) of extracted chitosan was calculated 
according to the following equation [Jiao, 2011] 

CI (%) = [(I110−Iam)/I110] ×100 
       Where I110 (arbitrary units) is the maximum 
intensity of the (110) peak at around 2θ = 19°, 
and Iam (arbitrary units) is the amorphous 
diffraction at 2θ = 12.6°.  
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Chitosan solubility for 1% of chitosan solution 
was checking by using UV-visible 
spectrophotometer. UV-Vis spectra of 
chitin/chitosan derivatives are usually recorded in 
aqueous acid solutions in a 1.0 cm quartz cell at 
ambient temperature [Liu, 2006]. 

Hematological analysis 
Blood was drawn from the vein of ten healthy 

persons in ethylene diaminetetra acetic (EDTA) 
tubes BD vacuotainer for this study. Chitosan 
solution, with different pH and DD, was added to 
blood samples in vitro with certain ratio. PBS was 
added to chitosan solution to determine different 
pH chitosan solution (4, 5, 6 & 7.4). Samples were 
analyzed using ADVIA 560 automated 
hematology analyzer.  The volumetric impedance 
method determines cellular concentrations and 
volume distributions of White blood cells (WBCs), 
Red blood cells (RBCs) and Platelets (PLT).In 
addition to Plasma fibrinogen (FIB), prothrombin 
time (PT) and partial thromboplastin time (PTT) 
that play an important role in coagulation cascade 
were measured. 

Statistical analysis 
Data were analyzed using IBM© SPSS© 

Statistics version 23 (IBM© Corp., Armonk, NY, 
USA).Continuous numerical variables were 
presented as mean and standard deviation or 
standard error of the mean. 

Mixed linear modeling (MLM) was used to 
examine the effect of the type of chitosan and pH 
on the change in hematological and coagulation 
parameters. The Bonferroni correction was used 
to adjust for multiple pair wise comparisons. P-
value <0.05 was considered statistically 
significant. 
 
RESULTS AND DISCUSSIONS 

Structural analysis: 
Extracted chitin/chitosan from different 

sources were subjected to FTIR to confirm their 
structure and degree of deacetylation. Figure 2(a) 
shows presence of lower intensity at 1348 
&1655cm-1 indicated the presence of CH3&C=O 
respectively, related to increasing degree of 
deacetylation as in chitosan extracted from fish 
scales with the highest degree of deacetylation as 
reported in previous work [Zvezdova, 2010]. Also 
NH2 stretching and OH stretching bands were 
observed at 3438cm-1.  

Figure 2(b) shows the comparison of XRD 
diffractogram among the products of the extracted 

samples. The significant peaks of chitin at 2θ= 
9.2° &19.5° were detected in all samples but 
stronger in case of commercial chitosan and that 
extracted from beetle.  

Meanwhile, the three strongest peaks in fish 
scales samples are 22.0°, 19.33° and 9.29° in 
addition to minor reflections at 26.2 and 27.5° 
observed [Rawda and Hadeer , 2015;Liu, 2012]. 

As compared, Commercial and Beetle 
samples diffractograms display some overlapping 
but fish scales having lesser intensity than 
commercial and beetle displaying a general trend 
of lesser crystallinity. Table (1) showed that lower 
crystallinity related to higher DDA as reported in 
previous studies.  In general, chitosan exhibits a 
crystallinity index at 020 (CrI020) reflections of less 
than 70% as shown with fish scales [Zhang, 2005; 
Zhang, 2006].That confirms that both samples 
were more proximate towards the peak of chitin 
than chitosan [Islam, 2011]. 

Figure (3) presents the changes in absorption 
spectra of chitosan solution in 1% acetic acid. 
Absorbance in the region 260 – 290 nm was 
observed. The absorption spectrum was altered 
with the development of a shoulder absorption 
band at about 270 nm being formed, and this 
shoulder increased by increasing the degree of 
deacetylation. This due to degree of deacetylation 
lead to presence of free amine groups along the 
chitosan chain allows it to dissolve in diluted 
aqueous acidic solvents due to the protonation of 
these groups, rendering the corresponding 
chitosan salt in solution [Rinaudo, 2006]. 

UV-Vis spectrumshowed in Figure (3) 
attributed topresence various ratios of two far-UV 
chromophoric groups, N-acetyl-glucosamine 
(GlcNAc) and glucosamine (GlcN) in chitin and 
chitosan as a result, their extinction coefficients 
for wavelengths shorter than approximately 270 
nm.  

Chromophores which are responsible for the 
absorption band at 250 nm are apparently 
destroyed by UV irradiation and new 
chromophores are generated that absorb at 
approximately 270 nm wavelength. Previous study 
suggested that the increase of absorbance is due 
to an increase in the carbonyl and amino groups 
in chitosan after deacetylation [Sionkowska and  
Kaminska, 1999]. 

Hematological analyses: 
Evaluating the number of blood cells Red 

blood cells (RBCs), white blood cells (WBCs)  and 
platelets (PLTs), with normal ranges (4.2-
5.4)*106/µl,(4.0-10.5)*106 / µl and (140-440) *106 / 
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µl respectively, of healthy human persons in vitro 
were take place. 

Figure 4revealed the effect of different DDA& 
pH levels of chitosan solution on platelets, RBCs 
and WBCs count. During the 1st treatment (DDA) 
trial, platelets count was low in 70% 137 ± 8.8 by 
increasing DDA in acidic groups than the control 
group while at pH 6 &7.4 commercial chitosan 

(DDA= 60%) has higher platelets count 250 ± 8.8 
with comparison to the lower DDA (Figure 4a).  

No observable difference in RBCs count was 
detected with different DDA especially in acidic 
solution (Figure 4b). With respect to WBCs 
(Figure 4c), observable increasing in their count 
showed at high DDA. 

Table 1: Relation between the degree of deacetylation (DD) and CrI110and CrI020 
 
 
 
 
 
 

 
 

Figure 2: (a) FTIR of control, beetle and fish scales chitosan, (b) XRD pattern of commercial, beetle 
and fish scale chitosan. 

 
 

CrI020 CrI110 DD% Sample notation 

61.9 77.1 50 Beetle chitosan 

60.8 75 60 Commercial chitosan 

49.3 69.6 70 fish scales 
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Figure3: UV-Vis spectrum of chitosan from commercial chitosan, beetle and Fish scales 

 
Figure 4: Effect of different types of chitosan and change in pH on the (a) Platelets, (b) RBCs and 

(c) WBCs count. Error bars represent the standard error of the mean. 
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In 2nd treatment (pH) trial, significantly (P < 
0.05), at lower pH [acidic medium], total platelets 
count at higher DDA (137x103 ± 8.8 cells per μL), 
RBCs (3.07x106 ± 0.08) and WBCs (4.78 x 103 
±0.5)had decreased compared to other pH groups 
due to adhesion with positively charged chitosan 
this result agreed with Wang[Wang, 2008], the 
positive charge of chitosan increases with 
decreasing pH of solution so more attraction and 
promoted blood coagulation. While at pH 6.0 and 
7.4, (PLTs), RBCs and WBCs counts were closed 
to the results of buffer (control) and no significant 
difference between them due to disappearance of 
the effect of positive charge which decrease by 
increasing the pH value so no attraction between 
positively charged chitosan with negatively 
charged blood cells. This result was agree with 
the fact that at acidic pH, the amino groups of 
chitosan become protonated and this cationic 

nature of chitosan leads to be selected as 
important hemostatic agent [Mercy, 2012]. 

3 Coagulation assay: 
Coagulation parameters of both control and 

experimented groups, the fibrinogen level was 
slightly decreased in 87% at acidic media 
especially at lower DDA, while it was sharply 
decreased at higher DDA (Figure 5a).These data 
agreed the fact that(FIB)has a negative charged 
and due to electrostatic attraction with positive 
charge of chitosan at acidic media, this promote 
adsorption of fibrinogen which also promote 
adhesion and aggregation of platelets 
[Kasirer2007; He, 2010]. 
There is lower in PT and PTT at lower DDA 
(beetle chitosan), while difference begin to slightly 
increased 80% at higher DDA especially in acidic 
pH (Figure 5b, 5c).  

 

 
Figure 5: Effect of different types of chitosan and change in pH on (a) the fibrinogen level, (b) PT 

and (c) PTT. Error bars represent the standard error of the mean 
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DISSCUSION 
Results point out significant differences in the 

effect of different pH on some hematological 
analysis (human blood cells and proteins). 

Overall, previous in vitro results indicated that 
at pH 4.0 at three types of chitosan lowest count 
of blood cells was observed. This due to the 
dielectric properties of chitosan acetic acid 
physiological saline solution, it bridges with 
erythrocytes that neutralize the negatively 
charged neuromeric acid residues on the 
erythrocytes surface [Hou and GU, 2001]. So 
more attraction between positive charge and 
surface of erythrocytes and platelets (PLTs)with 
negatively charged because presence of 
carbohydrate such as sialic acid groups and 
negatively charged phosphatidylcholine and 
phosphateidyl ethanolamine [Huo  and  Ley, 2004;  
Briede, 1999]. 

It was observed also the count of blood cells 
slightly increase with increasing the pH to 5 due to 
decreasing chance for attraction between chitosan 
and blood cells.  

In this study, it was observed that adding any 
type of chitosan solution on human plasma cause 
prolongation of prothrombin time (PT) and partial 
thromboplastin time (PTT).On the other hand, in 
the test tube (in vitro), the plasma-based 
coagulation test, PTT, will be very prolonged if 
there is a deficiency of factor XII [Benjamin, 2016]. 

Decreasing of concentration of fibrinogen will 
prolong PT and PTT independently of clotting 
factors deviancies. PT and PTT rely on adequate 
fibrinogen to form fibrin clot. PTT is more sensitive 
than PT to low fibrinogen concentration [Sinha, 
2013]. 

Statistical analysis show that the type of 
chitosan and its value of pH don’t depend on each 
other on their effects on some heamatological 
analysis on human blood. 

Since Red blood cells (RBCs) are important in 
hemostasis and they push platelets (PLTs) to the 
site of action at vessel wall to enhance shear 
forces, which active PLTs. There is increasing 
evidence that red blood cells (RBCs) actively 
stimulate both thrombin generation and platelets 
(PLTs) function in vitro [Roeloffzen, 2010]. 

Since PLTs are the essential mediators that 
trigger the mechanical pathway of the coagulation 
cascade. Previous researches have shown that 
platelets adhered to chitosan-based materials in 
time and concentration dependent manner [Ersoy, 
2007]. 
 
 

CONCLUSION 
Structural analyses confirmed the 

achievement to extract chitosan and the reverse 
relation between the Crystallinity and the degree 
of deacetylation as lower Crystallinity related to 
higher degree of deacetylation. UV-Visible 
analysis confirm the absorbance of chitosan due 
to its solubility in acetic acid solution in the region 
260-290 nm which increases at higher degree of 
deacetylation.  

Natural extracted chitosan solutions with low 
and high degree of deacetylation shows clear 
effect on most hematological components (Red 
blood cells, White blood cells, Platelets, 
Fibrinogen plasma protein, Prothrombin time and 
partial Thromboplastin time). The results indicate 
that in acidic pH only(4.0 and 5.2)there are 
noticeable decrease in the numbers of human 
blood cells. These are related to the effect of the 
concentration of the cationic charges at acetic 
media. Also the effect of the examined chitosan 
on the coagulation assay shows increasing in the 
value of PT and PTT. The statistical analysis 
ensured the significant effects of these results. 
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