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Abstract 

The present study aims to disclose the novel activity of cellulose in 

nanoparticles as antioxidants, antimicrobials, antitumors and its effect on lymphocyte 

proliferation activity as an index of immunity.  

Results show that surface charge & particle size distribution of nano cellulose 

reveal positive zeta potentials with average values +27 mv, and size range 4.4 nm in 

diameter. While IC50 of antioxidants capacity was 42.1µg/mL, meanwhile 

antimicrobial activity impact on G
-ve

 strains at different concentration, but not 

affected on tested G
+ve

 strains and tested fungi. Also, cytotoxicity show minority for 

nanoparticles of cellulose. Moreover, lymphocyte proliferation assay appears highly 

significant effect for nano cellulose. On the other hand, antitumor power of nano 

cellulose on Caco-2 cancer cells was dose dependent. In addition, comet values show 

significant influence at dose 500 μg/mL. These findings show that cellulose play a 

critical role in nanoparticles when compared to conventional molecules, and that they 

have a remarkable physical and biological activity, indicating a promising trend for 

using these nano molecules in a variety of biological applications. 

Keywords: Nano Cellulose, Zeta ξ potential, Particle size distribution, Antioxidants 

Antimicrobials, Cytotoxicity, Lymphocyte proliferation activity, Caco-2 cancer and 

Genotoxicity.  

 
 

Introduction 
 

The most prevalent natural biopolymer and renewable biological resource on 

the planet is cellulose, it is the primary component of plant materials (Dadheech et al. 

2018). It's common knowledge that cellulose is a linear polysaccharide made up of D-

glucose subunits linked together by 1,4-glycosidic linkage between individual glucose 

molecules.  

Nano cellulose are promising materials that have the potential to play a vital 

part in future biotechnological and medicine research in the twenty-first century, as 

well as being used in pharmaceutical applications (Bacakova et al. 2019). As a result, 

https://www.sciencedirect.com/science/article/pii/S0141813017349498?via%3Dihub#!


accumulating knowledge and continuing improvements in these fields of research on 

nano cellulose are critical for the advancement of basic and applied research, as well 

as their use in human life. Potential measurements of nanoparticles could be a useful 

tool for studying cell adhesion and activation based on cell surface charge 

characteristics, which is crucial for suspension stability (Zhang et al. 2009). The rate 

of endocytotic uptake after adsorption is determined by particle size. Furthermore, 

zeta potential aids in the rapid comprehension of dynamic cell responses in 

biomedical research (Fontes et al. 2007).  

Recently, oxidative damage caused by an overabundance of free radicals has 

been identified as the primary source of damage, alteration of numerous 

biomolecules, and disease, including cancer. Antioxidants bind to free radicals, 

stopping harmful chain processes and converting them to innocuous byproducts. 

Antioxidants thereby reduce oxidative stress and are important in the treatment of 

diseases caused by free radicals (De la Lastra & Villegas 2007). Antimicrobial’s 

susceptibility testing can also be used for drug discovery, epidemiology, and 

therapeutic outcome prediction (Martin et al. 2015). 

Some nanoparticles are frequently thought to have no or low cytotoxicity and 

immunogenicity (Bacakova et al. 2020). Few researches have not been examined in 

depth that nano cellulose have antioxidant, antibacterial, anticancer, and lymphocyte 

proliferative properties. To the best of present knowledge, no data on the anticancer 

efficacy of nano cellulose in colon cancer cells has been reported. As a result, the 

current study's goal is to use multidisciplinary methodologies to assess the influence 

of nano cellulose on biological activity. Moreover, investigate physical, chemical and 

biological properties of cellulose nanoparticles (Celose NPs) using various 

approaches to disclose a promising properties of those NPs for use as novel 

sustainable green materials in various applications and to generate value-added 

products. 

 

 

Materials and methods 

Nano Cellulose particles 

The current study used top-down strategy to produce cellulose nanocrystals 

(CNCs) from rice straw as a source of sustainable agricultural waste (Rambabu et al. 

2016).  

Physical characterizations  

 UV spectrum curve   

The preliminary detection for nano cellulose particles were measured by 

further characterized studied using absorption spectral analysis. Ultraviolet (UV) 

absorption spectrum curves of nano cellulose were conducted in aqueous solution 

from 200-400 nm using double beam UV Spectrophotometer Laboratory Instrument 

"Thermo Scientific HERYIOS ɤ", in Chemistry Lab, Research Park, Faculty of 

Agriculture, Cairo University (Zhang et al. 2019). 

 

SEM-EDS & TEM  

Ultrastructural studies with high resolution of Scanning Electron 

Microscopy/Energy Dispersive X-Ray Spectroscopy & Transmission Electron 



Microscopy (SEM-EDS & TEM), respectively was focused on study the morphology 

and size of nanosubstance, were done in (SEM & TEM) Lab, Research Park, Faculty 

of Agriculture, Cairo University. The nano cellulose were subjected to SEM-EDS 

using a JEOL MODEL JSM 6360 SEM operated at voltage of 25 KV as previously 

described (Kang et al. 2014). Nano materials were transferred on an amorphous Cu+ 

Grid that had been covered with carbon, dried at ambient temperature, and examined 

using a Jeol Hrten -2100 TEM with an 80 KV voltage (Ayache et al. 2010). 

Size Distribution and Surface Charge  

Under the following conditions: dispersant water, material refractive index 

1.47, dispersion refractive index 1.33, viscosity 0.8872 cP, temperature 25°C, and 

general calculation model for irregular particles, zeta potential and particle size 

analyses were measured using Malvern instruments, UK. Three 10-second 

measurements were made, and the average was calculated. 

 

Chemical and Biological characteristics  

Antioxidant activity 

Antioxidant activity of nano cellulose in terms of hydrogen donating utilizing 

the stable DPPH (Diphenyl Picrylhydrazyl) free Radical Scavenging Activity (RSA) 

method was determined using Spectrophotometer Laboratory Instrument "Thermo 

Scientific HERYIOS ɤ", samples concentration at 40 & 100 μg/mL with 0.1 % DPPH 

in Chemistry Lab, Research Park, Faculty of Agriculture, Cairo University. At the 

point when DPPH responds with any antioxidant, it gets reduced, and the decline in 

absorbance at 517 nm was recorded. The following formula was used to quantify 

radical scavenging activity as a percentage of inhibition: 

% DPPH " RSA" = [ Abs. of Control – Abs. of Sample / Abs. of Control] x 100 

 

Antimicrobial activity 

Biocidal activity of nano cellulose were evaluated against 8 different 

pathogenic strains; Gram positive (G
+ve

) bacteria (Staphylococcus aureus ATCC 

6538P, Bacillus cereus ATCC 33018, Listeria monocytogenes ATCC 7644), Gram 

negative (G
-ve

) bacteria (Escherishia coli O157 93111, Salmonella typhimureum 

ATCC 14028, Pseudomonas aeroginosa ATCC 9027) and pathogenic fungi (Candida 

albicans ATCC 10231, Aspergillus flavus nrr1 1957) using well diffusion method, 

was done in Microbiology Lab, Research Park, Faculty of Agriculture, Cairo 

University. The wells used in the experiment are 8 mm in diameter and were saturated 

with tested samples which conducted in triplicate at five different concentrations 

being 100, 200, 300, 400 & 500 μg/mL, which added into each well (Balouiri et al. 

2016). Plates were incubated until full growth was observed and the inhibition zone's 

diameter (mm) was measured. 

Cytotoxicity against RBCs  

Cytotoxicity of three different concentrations of nano cellulose (500, 1000 & 

1500 μg/mL) was examined against human blood erythrocytes (RBCs) by dual 

acridine orange/ethidium bromide (AO/EB) staining to determine the viability of 

cells. Especially screening for cytotoxicity, the mechanical stability of RBC 



membranes is a valuable indicator to use when evaluating the effects of various 

drugs in vitro (Baillie et al. 2009).  

 

Lymphocyte Proliferation activity as an index of immune function  

The effect of three different concentration of nano cellulose (500, 1000 & 1500 

μg/mL) on the Lymphocyte proliferation activity was conducted through measuring 

mitochondrial activity using the colorimetric (3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyl tetrazolium bromide) MTT reduction assay. MTT reduction procedure was 

used to quantifying cellular metabolic activity as an indicator of cell viability, 

proliferation, & cytotoxicity, which reduce MTT to blue formazan product (Nikbakht 

et al. 2019). 

 

Antitumor activity against (Caco-2) cells of colon cancer assay by in vitro 

analysis using Neutral Red Uptake (NRU)  

The Neutral Red Uptake (NRU) assay was used to determine antitumor 

activity based on a quantitative estimation of the number of viable cells in a culture 

protocol (Repetto et al. 2008). This technique was used to detect the efficiency of 

different concentration (50, 100, 200, 300, 400 & 500 μg/mL) of nano cellulose 

against cell line (Caco-2). The viability (%) of treated cancer cell line (Caco-2) was 

calculated for having the concentration of the test substance reflecting the half 

maximum inhibitory concentration of nano cellulose by determination the IC50 of the 

cell proliferation. The samples in a 96-well plate were divided into 6 groups, with 16 

well samples in each group corresponding to the five different concentrations of nano 

cellulose. This work was conducted in the Cell Culture Lab, Research Park, Faculty of 

Agriculture, Cairo University, using cell line of the human colorectal adenocarcinoma 

colon (Caco-2), purchased from the National Cancer Institute (NCI), Cairo, Egypt. 

Evaluation of DNA Damage using the Comet (Genotoxic) Assay 

Genotoxic damage of DNA was assessed by the comet or alkaline single cell 

gel electrophoresis (SCGE) technique with certain modifications (Yedjou & 

Tchounwou 2007). The comet assay is a simple and sensitive method for detecting 

DNA damage in individual eukaryotic cells. Using agarose gel electrophoresis, 

quantify DNA fragmentation, were done at Animal Reproduction Research Institute, 

Cairo, Egypt (Ioannou & Chen 1996). The DNA damage is quantified by measuring 

the displacement between the genetic material of the nucleus ('comet head') and the 

resulting 'tail'. Tail Moment and Tail DNA% are the two most commonly parameters 

used to analyze Comet assay results. At least 50 -100 cells should be analyzed per 

sample. The Tail Moment has been suggested to be an appropriate index of induced 

DNA damage in considering both the migration of the genetic material as well as the 

relative amount of DNA in the tail (De Boeck et al. 2000). The comet images were 

analyzed with the comet score analysis system. For each cell, the length of DNA 

migration (tail length) was measured in pixel (PX) from the center of the nucleus to 

the end of the tail. The percentage of DNA in the tail was estimated by measuring the 

total intensity (fluorescence) in the cells, which was taken as 100%, and determining 

what percentage of this total intensity corresponded to the intensity measured only in 

the tail. The tail moment, expressed in arbitrary units, was calculated as: tail length X 

percentage of migrated DNA/100. 

https://www.facebook.com/animalreproductionresearchinstitute/


Statistical analysis 

According to IBM SPSS Statistics software, data statistically were analyzed 

using Duncan`s Multiple Range Test (Armonk 2011). 

 

Results and discussion 

Nano cellulose particles were accomplished by chemical treatments as 

mentioned before from rice straw. Five Physical characters of nano cellulose were 

studied using UV, SEM, TEM, Size Distribution and Surface Charge, while chemical 

character were accomplished by Antioxidant activity, whereas biological applications 

were done through five application Antimicrobial, Lymphocyte Proliferation activity, 

Cytotoxicity, Antitumor, and Genotoxic assay. 

 

UV spectrum curve   

UV absorption spectrum curves of nano cellulose at wavelengths range 200-

400 nm are shown in Spectrum 1. Absorption Spectrum curves reveal strong and well-

defined form absorption dominant peaks in region 200-400 nm at 301.50 nm, these 

curve indicate that nano cellulose could be screen by UV spectra technique.  

 

 

Spectrum 1: UV curve of nano cellulose, illustrate main absorption peak in the region 200-

400 nm detected by spectrophotometer. 

Regarding nano cellulose characteristic absorption peaks at UV region, may 

be attributed to the functional groups that are found in cellulose i.e., aldehyde, 

hemiacetal, and hydroxyl groups, in glucose residues. These groups are responsible 

for characteristic absorption bands in the spectra of organic compounds. In this 

connection it is well known that native cellulose is a poor absorber at wavelength 

301.50 nm, but nano cellulose exhibited the biggest intensities at 301.50 nm. That is 

mean once native cellulose is converted into nano particles, became a good absorber 

to ultraviolet spectrum. In addition, increasing absorption intensity at this wavelength 

301.50 nm, reflect releasing huge aldehyde groups in terminal ends of cellulose nano 

particles. This result could be explained when native cellulose converts to nano 

particles result in short chains of nano cellulose have numerous reducing ends that 

increase absorption of UV radiation. Also, this result interprets the antioxidant 

activity recorded to nano cellulose particles which appeared after determined with 

DPPH assay as will be found in next section of antioxidant capacity of nano cellulose. 



These outcomes are in accordance with
 
(Rowen et al. 1947) and observed by (Afshari 

& Ziyadi 2018) they found an absorption spectrum for nano cellulose at 329 nm. 

 

SEM-EDS & TEM   

Nano cellulose image are analyzed using SEM-EDS which is a very powerful 

tool that uses electrons to form an image for objects and allows imaging samples at 

magnifications that can’t be achieved using traditional microscopes as shown in 

Micrograph 2. SEM-EDS provides the external morphology and characters of nano 

cellulose at bar beneath scale 10 μm with total magnification 1,500 X at 25 KV. 

Showing SEM-EDS images analysis indicate that, crystals of nano cellulose (CNCs) 

is perpendicular to the hexagonal face.  

 

 
SEM-EDS micrograph (2): Nano cellulose, illustrate hexagonal shape in CNCs.  

 

However, TEM image of nano cellulose particles are illustrated in Micrograph 

3, show that nano cellulose particles are very tiny with diameter less than 5.1 nm at 

bar beneath scale 200 nm with total magnification 80.00 kx at 200 KV and appeared 

as a scattered particles with no synaptic and more digestibility with high surface area 

caused by almost completely ruptured of the vesicle structure.  



 
TEM micrograph (3): Nano cellulose at bar beneath scale 200 nm with total 

magnification 80 kx. 

SEM-EDS & TEM results are in accordance with reported that CNCs is a 

class of rigid, hydrophilic, high in aspect ratio, and rod-shaped crystal cellulose 

whiskers of 1–20 nm in diameter with a large surface area (150–250 m
2
 
g−1

) (Juanjuan 

et al. 2018)  . These results are trendline with researcher who confirmed that the nano 

cellulose with width in the nanometer scale, typically between 5–50 nm depending on 

the extent of cell delamination and fibers pretreatment (Abdul Khalil et al. 2012).  

 

Size Distribution and Surface Charge  

Concerning to a particle Size Distribution & Surface Charge, reveal that nano 

cellulose has positive zeta (ξ) potentials with average +27 mv and size range 4.4 nm, 

diameter (Micrograph 4).  

On one side, the present study used strong alkali sodium hydroxide as 

bleaching agent for extracting CNCs this treatment can affect CNCs characteristics 

and may be led to produce cationic CNCs with positive charge as mentioned before 

(+27 mv).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 
Micrograph (4): Size Distribution & Surface Zeta (ξ) Potential Charge of nano cellulose. 

 



Antioxidant activity 

Antioxidant activity for two doses (40 & 100 μg/mL) of nano cellulose was 

performed by DPPH radical method. Results of antioxidant activity record 47.47% & 

47.53%, for lower and higher dose respectively. Data obtained for antioxidant activity 

of nano cellulose reveal that both two doses 40 & 100 μg/mL nano particles 

approximately give the same value for antioxidant activity. On the other hand, IC50 

were 42.1 µg/mL.  

Results of antioxidant activity for nano cellulose could be attributed to some 

anomeric hydroxyl group of nano cellulose which reflects absorption peak at 301.50 

nm in UV spectrum curve as previously mentioned, (Spectrum 1). These results are in 

accordance with mentioned that nanoparticles found to be efficient in enhancing the 

antioxidant activity and act as the carrier or antioxidant delivery vehicles (Ibrahim et 

al. 2020). However, the antioxidant effect of nano cellulose were much lower 

comparing a pure antioxidant standard agent, which its mechanism of action is 

accurately known, meanwhile nano cellulose have not known mechanism of action as 

antioxidant, so this finding considers as a remarkable result on its antioxidant effect of 

nano cellulose on DPPH free radicals. These results are in harmony with the 

antiradical properties of native CNC (0.024mM Trolox eq/mL solution) (Criado et al. 

2015), and a higher radical scavenging effect of DPPH radical of low molecular 

weight than that of a higher one (Park et al. 2003). It is well known that the 

antioxidant activity is related to the amount and activity of functional groups i.e., the 

anomeric hydroxyl group and the side chain of amino acids groups of the nano 

molecules (Xie et al. 2001). This antioxidant characteristics related to nano cellulose  

are confirmed by author who noticed that the substitution of the functional group may 

reduce the amount of active amino and hydroxyl groups in the polymer chains and 

may partly destroy the intermolecular and intramolecular hydrogen bonds (Sun et al. 

2011). 

Antimicrobial activity  

Antimicrobial activity of nano cellulose using five different concentrations 

(100, 200, 300. 400 & 500 μg/mL) against various tested strains, including both Gram 

positive and Gram negative (G
+ve

 & G
-ve

) bacteria besides fungi were assessed as 

shown in Table (1).  

On one hand, data reveal that all tested concentrations have no effect on G
+ve

 

tested strain and fungi. On the other hand, nano cellulose particles inhibit the growth 

of three G
-ve

 strains bacteria (Pseudomonas aeroginosa ATCC 9027, Escherishia coli 

O157 93111 & Salmonella typhimureum ATCC 14028) (Table 1), except low doses 

(100 μg/mL) has not affected on Salmonella typhimureum ATCC 14028. Also, results 

show that Pseudomonas aeroginosa ATCC 9027 (G
-ve

) was the most susceptible 

bacteria at all concentrations among the tested strains followed by Escherishia coli 

O157 93111, meanwhile Salmonella typhimureum ATCC 14028 was less affected. In 

addition, raising the concentration of nano cellulose led to increase the growth 

inhibition of all G
-ve

 tested strains to record the largest inhibition zone diameter (19 

mm) at 500 μg/mL, against Pseudomonas aeroginosa ATCC 9027, followed by 

Escherishia coli O157 93111 (14 mm) and Salmonella typhimureum ATCC 14028 

(10 mm), respectively.  

Besides, data in Table (1) show that, different concentrations significantly 

affected on tested strains but are similar in 300 & 400 μg/mL for Escherishia coli 



O157 93111. Noticeably, the microdilution shows that nano cellulose has antibacterial 

activities on G
-ve

 strains, but its capability was not as powerful on both G
+ve

 tested 

strains and fungi. This may be due to that nano cellulose cannot target and disturb the 

cell wall, cell membrane, or active enzymes of bacterial and fungal strains. However, 

at high concentration nano cellulose reveal a good antimicrobial effect and this 

finding interprets as nano cellulose have huge hydroxyl groups led to cause water 

dehydration which lowering moisture needed for bacteria survival, consequently, 

induce plasmolysis, David et al.  (2014) investigated CNC as drug delivery vehicles 

reported to bind and release some water -soluble drugs via ionic interactions. 

Therefore, nano cellulose appears highest inhibition against G
-ve

.  

 
    Table (1): Antimicrobial activity of nano cellulose against some pathogenic microorganisms. 

Pathogenic microorganisms 
Inhibition zone (mm) 

Mean Concentration (μg/mL) 
      100

e
     200

d
     300

c
    400

b
     500

 a**
 

 (G
-ve

) 

Pseudomonas aeroginosa ATCC 9027 10 15 17 18 19 15.8±1.59
 a**

 

Escherishia coli O157 93111 11 12 13 13 14 12.6±0.51
 b
 

Salmonella typhimureum ATCC 14028 0 6 7 8 10 6.2±1.69
 c
 

*Values represent as means ±SE of 3 replicates. Values in the same column with the same letter do not 

significantly differ, according to Duncan, 1955 at 5% level. 

*The inhibitory effect was studied using well diffusion method and expressed as inhibition zone 

diameter (mm). 

 

Evidently, antibacterial action of nano cellulose in the present study are in 

accordance with author reported that using of NPs as antimicrobial agents can be 

attributed to its size and large surface area coupled with suitable surface tunable 

properties (Zhang et al. 2016). The nanoparticles impart different mode of actions on 

pathogens for instance, binding to the cell wall followed by depolarizing the contents 

of the cell wall membrane which results in the loss of cellular contents (Syed et al. 

2016), and all those available in nano cellulose. In this context, CNCs as drug 

delivery vehicles bind and release some water-soluble drugs via ionic interactions as 

reported by (Plackett et al. 2014). In addition, antibacterial activity of nano cellulose 

polypyrrole multilayer is effective by the decrease of colony forming units (CFU) 

(Bideau et al. 2016). Also, the similar results mentioned that the antibacterial activity 

of CNCs-based composites that can be functional via the surface modification (Ming 

et al. 2018). Nevertheless, nano cellulose have gained much attention for antibacterial 

application because of their remarkable physical properties, special surface chemistry, 

possess abundant hydroxyl groups, which make them stable in water and excellent 

biological properties (Trache et al. 2020). In this connection nano cellulose may be 

bind to G
-ve

 receptors and so inhibits the growth and play as blocker inhibitor. 

Bacteria exhibit negative surface charges, therefore, the cationic CNCs are 

effective on G
–ve

 bacteria (Radovic-Moreno et al. 2012). Moreover, studies reported 

that the effect of bacterial killing because of attachment of NPs to the bacterial 

surface, leading to protein denaturation and cell death (Chen et al. 2012).  

Generally, it could be concluded that the best concentration antimicrobial 

activity of nano cellulose was 500 μg/mL showed strong significant (p < 0.05), was 

dependent on dose and tested strains (G
+ve

 & G
-ve

). Also, mode of action differs 

between microorganisms, due to different cell surface structures. The present results 

reveal that the increase in the antibacterial potency of nano cellulose dependence on 

decrease in the size and charges of NPs as has been observed in the present study. 

 

https://www.sciencedirect.com/topics/physics-and-astronomy/antibacterial-activity


 

Cytotoxicity against RBCs  

Cytotoxic activity of three different doses (500, 1000 & 1500 μg/mL) of nano 

cellulose against RBCs were assayed by in vitro study using dual acridine 

orange/ethidium bromide (AO/EB) staining to determine the viability of cells from 3 

replicates per experiment (Micrograph 5). EB staining appears green fluorescence in 

survival cells and AO staining produced orange-red fluorescence in dead cells as 

previously reported (Liu et al. 2015). It is observed that the nano cellulose at doses 

1000 and 1500 μg/mL concentrations, show minor cytotoxicity with the mean values 

viability percent 74.5%
b
, 62.4%

c
 while dead cells percent were 25.5%

b
, 37.6%

c
, 

respectively. These results reveal that high dose of nano cellulose were led to decrease 

viable RBC. However, lower dose (500 μg/mL) not only show less cytotoxicity 

compared to 1000 and 1500 μg/mL doses, but also showed highly significant (p < 

0.05) reveal higher viability percent of RBCs 86.6%
a*

 and lower dead cells 13.4%
a*

.  

Cytotoxic activity results are agreement with (Dong et al. 2012) reported that 

cellulose nanoparticles showed no signs of cytotoxicity in direct or indirect assays for 

cell viability and cell morphology of different cell lines. In addition, several studies 

on cellulose-human interactions confirmed the limited toxic potential of nano 

cellulose in terms of cytotoxicity in various experimental systems (Male et al. 2012).  

 

 

Lymphocyte Proliferation activity as an index of immune function  

Lymphocyte proliferation activity was evaluated by three concentrations (500, 

1000 & 1500 µg/mL) of nano cellulose using MTT assay. Results show that different 

concentrations have highly significant effect on lymphocyte proliferation. It is point 

out that, concentration 500 µg/mL, shows 1.6± 0.16
a***

. However, raising 

concentration of nano cellulose to 1000 and 1500 µg/mL reveal 1.20± 0.15
b*

, and 

0.986± 0.02
c
, respectively. These results indicate that nano cellulose at lower 

concentration (500 µg/mL) showed high significant (p < 0.05) reveal higher 

lymphocytic activity compared to untreated cells (1.01± 0.02).  

Although few studies have so far investigated the Lymphocyte Proliferation 

activity of nano cellulose in details, but the present results are in harmony with CNCs 

that induce immune cell types in vitro (Sunasee et al. 2016). Moreover, the activity of 

mitochondrial enzymes in cells cultivated in the presence of cellulose nanocrystals 

was significantly higher than in the control untreated cells (Empson et al. 2014). In 

addition, in a mouse model, CNCs have capability to evoke immune response and 

safe nanomaterial to be used as a novel adjuvant for vaccines (Sunasee et al. 2015).  

There is a balance between electrostatic attraction and hydrophilic interaction, 

which probably is caused by zeta potential and the hydrophilicity of cells. Together, 

hydrophilicity along with electrostatic interactions affected the cell adsorption 

behavior and increases the capability of cells to adsorption. Hydrophilic and 

electrostatic interactions may be important factors affecting different adsorption 

behaviors between cells and NPs (Thangavel et al. 2017). Moreover, increased 

cellular uptake could be explained by sedimentation of NPs onto the cells (Hinderliter 

et al. 2010; Cho et al. 2011). This sedimentation of NPs, could be interprets that nano 

cellulose as polysaccharides has carbohydrate nature could be interact easily with 

plasma membrane of cells. 



As shown Lymphocyte Proliferation assay are widely used to assess the cell-

mediated immunity as an index of immune function in many clinical applications. 

Specific instances include measurement of responsiveness to mitogens and specific 

antigens to identify possible immunodeficiency or hyporesponsiveness. Hence, these 

results indicate that the nano cellulose may be playing a vital role in immune system, 

enhances the medicinal potential and makes them effective against many diseases. 

  

 
 

 

 
 

 

 

 

 

Micrograph (5): Illustrate cytotoxicity of nano cellulose at different concentrations 500, 
1000 & 1500 µg/mL against RBCs by AO/EB staining. 

 

500 μg/mL 

1000 μg/mL 

1500 μg/mL 



Antitumor activity against (Caco-2) cells of colon cancer assay by in vitro 

analysis using Neutral Red Uptake (NRU)  

An effective concentration of 500 µg/mL of nano cellulose was chosen to test 

for antitumor activity. A series of five different concentrations (50, 100, 200, 300, 400 

& 500 µg/mL) was examined against Caco-2 cell line under a phase-contrast inverted 

microscope by NRU colorimetric technique after 24 h incubation period (Table 2 & 

Micrograph 6). Lysosomal integrity with the concomitant binding of the neutral red 

dye is a highly sensitive indicator of cell viability (Repetto & Sanz 1993). 

Fruitful results point out from Table (2) all treated tumor cells were inhibited 

with all tested concentration beginning from 50 to 500 µg/mL. In this context, low 

dose 50 µg/mL of nano cellulose, shows cell viability of Caco-2 cells 97%
f*

. 

Moreover, the treated Caco-2 cell with 100, 200, 300, 400 & 500 µg/mL of nano 

cellulose give 91%
b*

, 83%
c*

, 74%
d*

, 66%
e*

 & 63%
a**

 viability percentage. It is 

observed that, high doses of nano cellulose reveal high significant (P < 0.05) 

reduction of cell viability of Caco-2 cancer cells reached 63% with death percentage 

37%. Whereas the IC50 for high dose (500 µg/mL) of nano cellulose were 1884 

µg/mL appear lowered lower value for nano cellulose. In one word, increasing nano 

cellulose concentration resulted in descending lowering in cell viability % of Caco-2 

cells. In other word, the studied cultures show a significant effect of nano cellulose on 

cell viability % depending on concentrations and has a significant effect as antitumor 

activity. 

 
Table (2): Antitumor activity of nano cellulose against (Caco-2) colon cancer cells assay by 

in vitro analysis of cell viability (%) using Neutral Red Uptake (NRU). 

     Doses (μg/mL)                         Viable & Dead Cells Percentage 

 
50 97

f* 3
f*   

100 91
b* 9

b*   
200 83

c* 17
c*   

300 74
d* 26

d*   
400 66

e* 34
e*   

500 63
a** 37

a**   
*Values represent as means ±SE of 3 replicates. Values in the same column with the same letter 

do not significantly differ, according to Duncan, 1955 at 5% level. 

 

 

 

 
Antitumor micrograph (6): The cytotoxicity of different concentrations (50, 100, 200, 300, 

400 & 500 µg/mL) of Nano cellulose against Caco-2 cell line 
detected by NRU colorimetric technique. 



The obtained results of antitumor activity were in accordance with studies, 

mentioned that polymer CNCs often decorated with negatively charged moieties, and 

are potential materials for targeted drug delivery (Sheikhi et al. 2019). Moreover, the 

high density of surface hydroxyl groups allow CNCs to interact with another and 

polymeric matrix materials via H-bonding, which makes CNCs ideal polymers 

(Capadona et al. 2008).  

Biodistribution studies indicate that nano cellulose reached the tumor and were 

more effective in treating Caco-2 cancer cell. This may be due to the positively 

charged of nano cellulose, as when mixing the positively-charged with Caco-2 cancer 

cells (negative charge -5.3 mv) of any type, they massively bind onto the cell surfaces 

due to opposite electrical charges (Han et al. 2017). The negative surface charges as a 

unique pattern of cancer cells, meanwhile several normal cells were found charge-

neutral of slightly positive (Chen et al. 2016). The negative charges were found to be 

generated from the large quantity of lactate secretion, a known property of all 

metabolically active cancer cells (Hanahan & Weinberg 2011). This is a result of 

increased glycolysis in which the levels of glucose uptake and lactate secretion can be 

up to 30 times greater than that of normal cells. All movements of ions across plasma 

membranes cause significant changes of surface charge. Nano cellulose uptake by the 

cells is explained with a two-step process: a binding process, followed by an 

internalization process. The attachment of positively charged nano cellulose on the 

cell plasma membrane will cause the Zeta potential to become intuitively more 

positive and expected to penetrate through tumor. The internalization process will 

result in the change of Zeta potential to an opposite way, mainly due to the vesicular-

transport-based cell endocytosis (Oh & Park 2014). So, only the positively-charged 

NPs electrostatically bind onto a wide array of cancer cells, indiscriminative of the 

cancer phenotype (Matta et al. 2012). 

Moreover, displayed a higher surface charge (more positively charge), thereby 

increasing the productive binding of nano cellulose to cancer cell because of 

electrostatic attraction, which may affect the rate of cell hydrolysis. This result 

suggested that electrostatic forces played an important role in the adsorption of cell 

towards nano cellulose and highly affected the adsorption behavior because of the 

electrostatic attraction between them due to the opposite charges. Thus, no repulsion 

existed between nano cellulose and cancer cell (Talero et al. 2013).  

 

Evaluation of DNA Damage using the Comet (Genotoxic) Assay 

Comet assay was used to study genotoxic damage DNA of Caco-2 cells after 

treated with 500 µg/mL nano cellulose, comparing untreated cells-control (Table 3 & 

Micrograph 7), using ethidium bromide stain. The comet assay micrographs of treated 

Caco-2 cells obtained resembles a comet with a distinct head and tail. The head is 

composed of intact DNA, while the tail consists of damaged (single-strand or double-

strand breaks) or broken pieces of DNA. The images were analyzed with the comet 

score analysis system. Showing the DNA damage is quantified by measuring the 

displacement between the genetic material of the nucleus 'comet head' and the 

resulting 'tail'. Five parameters used to analyze Comet assay results (Table 3), 1) 

Comet%, 2) Tail Length, 3) Tail DNA%, 4) Tail Moment, 5) Olive Tail Moment. 

Results generated from the comet assay indicate that treated Caco-2 cells with 

nano cellulose show highly significant Comet% 12.5±0.28
a***

 compared to 6.63±0.08
b
 

for untreated Caco-2 cells (Table 3). Also, Caco-2 tumer cells appear rupture of cell 

membrane and remarkable execration of cytoplasmic content of tumer cells after 



treatment with nano cellulose that showing DNA% in Tail 12±1.17
a**

 compared to 

8.01±0.05
b
 for untreated Caco-2 cells (Table 3). Moreover, results are confiremed by 

Tail Moment values (0.67±0.03
a
) & Olive Tail Moment parameter (1.32±0.20

a*
) in 

treated Caco-2 cells comparing to untreated Caco-2 cells (0.395±0.01
b
 & 0.83±0.02

b
), 

respectively.  

These results of comet are in accordance with authors who pointed out that nano 

cellulose selectively triggers apoptosis in cultured cells (Endes et al. 2016). Moreover, 

many studies demonstrated that nano cellulose had potential genotoxic effect to tumor 

cell, which able to disturb cell cycle, induce DNA damage, delay cell replication, and 

cause excessive cell death in cultured human cells (Hannukainen et al. 2012). 

Moreover, the preventive effect of dietary fiber consumption was mainly found on 

colon cancer (Bingham et al. 2003), in addition, that dietary fiber protective against 

colorectal cancer patients in Asia (Masrul & Nindrea 2019). 

Regarding Micrograph (8) illustrates no clear fragmentation appear in DNA of 

(Caco-2) cells treated with 500 µg/mL nano cellulose as shown in DNA 

electrophoretic plate may be due to condensation of chromatin in the nucleus. 

Although, there is limited scientific data in the literature explaining how nano 

cellulose exposure induces apoptosis and the genotoxic influence in Caco-2 cells, but 

the previous results of antimicrobial activity in this current study confirmed that nano 

cellulose able to disturb the cell wall and cell membrane in concentration 500 µg/mL 

without DNA fragmentation. And so, similar results are reported by many authors 

(Tchounwou et al. 2014), they mentioned that in vitro study pointed out that necrosis 

tumor cells are an uncontrolled cell death that is characterized by progressive loss of 

cytoplasmic membrane integrity, rapid influx of Na
+
, Ca

++
 and water, resulting in 

cytoplasmic swelling and nuclear pyknosis (Pyknosis, or karyopyknosis, is the 

irreversible condensation of chromatin in the nucleus of a cell undergoing necrosis or 

apoptosis. It is followed by karyorrhexis, or fragmentation of the nucleus) so, clearly 

cellular fragmentation and release of lysosomal and granular contents into the 

surrounding extracellular space is observed. 

 

 

Table (3): Evaluate of DNA damage in Caco-2 cells treated with 500 µg/mL nano cellulose 
assayed by Comet technique. 

 Comet% 
Tail Length in 

pixels (px) 
DNA% in 

Tail 
Tail Moment 

Olive Tail 

Moment 

Control (-ve) 6.63±0.08
b
 5.08±0.01

b
 8.01±0.05

b
 0.395±0.01

b
 0.83±0.02

b
 

Nano cellulose 12.5±0.28
a***

 4.93±0.16
b
 12±1.17

a**
 0.67±0.03

a
 1.32±0.20

a*
 

*Values represent as means ±SE of 3 replicates. Values in the same column with the same letter do not 

significantly differ, according to Duncan, 1955 at 5% level. 



 
 

 
Genotoxic micrograph (7): Representative ethidium bromide stain Comet assay images of    

untreated cells (A-control) and treated Caco-2 cells with 500 

µg/mL, Nano cellulose (B) at 400X. 

 

 

 

 
Micrograph (8): DNA agarose gel electrophoresis plate analyzed DNA fragmentations of 

(Caco-2) cells treated by Nano cellulose, at 500 µg/mL dose. DNA MW 
ladder, 25 kDa.  

B 

A 

MW 



Conclusion 

It is evident from the above discussion that Nano cellulose are promising 

multifunctional green nano materials with applications in different biological aspects. 

The basic reason behind multifunctional behavior is zeta potential and size 

distribution of nano biopolymers; so, reveal a remarkable physical and biological 

activity compared to normal molecules. 

The preliminary characterized for nano cellulose studied using absorption 

spectral analysis showed strong absorption peak indicating that spectrum curves can 

be screen by UV spectra at wavelength range 200-400 nm. Besides, Ultrastructural 

studies with high resolution of (SEM-EDS & TEM). SEM manifest that CNCs is 

perpendicular to the hexagonal face. Also, TEM show particles less than 5.1 nm in 

diameter, with Cationic charge of CNCs and similar results in size distribution by 

TEM.  

Nonetheless, nano cellulose developed as antioxidant activity IC50 was 

42.1µg/mL, antimicrobial activity revealed that tested G
-ve

 strains were more 

susceptible at different concentration, but not affected on tested G
+ve

 strains and tested 

fungi. In consideration the cytotoxicity was minor using in vitro activity against 

RBCs. In addition, nano cellulose at different concentrations has highly significant 

effect on lymphocyte proliferation as immunity index and the best concentration in 

this case was 500 µg/mL. Also, a high dose of nano cellulose show highly significant 

(P < 0.05) reduction in cell viability of Caco-2 cancer cells at concentration 500 

µg/mL after 24 h. incubation time, where its percentage of cell viability were 63%
a**

. 

Morover, Comet assay indicates that exposure to nano cellulose is consider as 

genotoxic agent to (Caco-2) cells with no fragmentation in DNA.  

Undoubtedly, the obtained results in the present study suggest that nano 

cellulose have great application potential as antioxidant, antimicrobial, antitumor and 

raising immunity through trigger Lymphocyte proliferation activity. 
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