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ABSTRACT 

In this study, the possible mechanisms were investi- 
gated with chitosan nanoparticles using sodium tri- 
poly-phosphate and effects on human lymphoma 
SUDHL-4 in vitro. It was characterized by XRD, 
FTIR, TGA, particle Size, zeta potential, SEM & 
TEM. Different techniques such as cell proliferation, 
ultra structure changes, DNA fragmentation, phase 
distribution of cell cycle, MTT assay, MMP, agarose 
gel electrophoresis of DNA, flow cytometry and elec- 
tron microscopy were used with treatment of differ- 
ent concentrations of CH-NPs (25, 50, 75, 100 µg/ml) 
at different time periods. Electron microscopy study 
revealed that the chitosan nanoparticles showed 78 
nm particle size which is a high surface charge as 52 
mV. Inhibition of chitosan nanoparticles after 48h 
treatment was marked in cell proliferation of SUDHL- 
4 with an IC50 value of 5 µg/ml. Electron microscopy 
showed typical necrotic cell morphology after treat- 
ment of chitosan nanoparticles. The DNA degrada- 
tion related with necrosis was determined using aga- 
rose electrophoresis and loss of MMP & occurrence 
of apoptosis was analyzed by flow cytometry. Chito- 
san nanoparticles with low molecular weight (LMW) 
were comparatively stable in medium containing 
aqueous and rate of dissolution was slow in acidic 
medium. Results of this present study clearly pro-
vided information that the chitosan nanoparticles ef- 
fectively inhibit the proliferation of SUDHL-4 through 
multiple mechanisms in vitro and this novel formula- 
tion can open a new avenue against human Lym- 
phoma. 
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1. INTRODUCTION 

Biomedical applications of chitosan include, drug deliv- 
ery, tissue engineering, wound dressings, implant coat- 
ings and therapeutic agent delivery systems. Chitosans are 
biocompatible, profuse, nontoxic, biodegradable and re- 
newable carbohydrate polymers [1-7]. 

Recent research has revealed the antimicrobial poten- 
tial of chitosan on its Mr and DA [8-12] and higher vis- 
cosity of Mr and chitosan solutions have its multidimen- 
sional benefit. Alternatively, the low molecular weight 
chitosans could be depolymerised by physical, acidic or 
enzymatic methods. The highest bacterial activity towards 
pathogenic bacteria was found in LMWC (5 - 10 kDa) 
[13], whereas, 20 kDa product prevented progression of 
diabetes mellitus and showed a higher affinity for lipo- 
polysaccharides (LPS) than the native chitosan ~140 kDa 
[14]. The sensible use of LMWC in milk safeguarding and 
oral hygiene is also reported [15]. 

It was reported that chitosan is biocompatibility and 
biodegradability [16,17] applied in drug delivery systems 
to prepare encapsulation of drugs, enzymes, proteins and 
DNA in nanospheres or microspheres level [18-20]. 
Drugs for biological activities could be developed by 
using chitisan only. Both soluble and microspheres chi- 
tosan showed a type of toxic in murine melanoma cell 
line and chitosan with hydrochloride exhibited extra 
toxic with an IC50 [21]. Dose dependent inhibitory ef- 
fects of amino cationic chitosan derivatives showed the 
proliferation of numerous tumour cell lines with lowest 
IC50 towards liver cancer [22,23]. 

The most important properties of CH-NPs could pro- 
vide a high resemblance used for negatively charged 
biological membranes and targeting specific site in vivo 
[13]. The CH-NPs with different concentrations could 
inhibit the dissimilar proliferated tumour cell lines 
whereas it could be toxic against normal liver cells [19]. *Corresponding author. 
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The present investigations illustrate the possible mecha- 
nisms of CH-NPs and effects on the proliferation of hu- 
man Lymphoma, SUDHL-4 cell line. It was character- 
ized using electron microscopy, MTT assay, agarose 
electrophoresis of DNA, and flow cytometry. 

2. MATERIALS AND METHODS 

Chitosan was obtained from himedia and sodium tri- 
polyphosphate (TPP), NaOH, acetic acid, NaH2PO4, 
were obtained from Hindustan scientific Linker, Odisha, 
India. SUDHL-4 (Cell Lines) was maintained in School 
of Biotechnology, KIIT University, Odisha, India. It was 
grown in medium (i.e., RPMI-1640) supplemented with 
10% foetal calf serum in a humidified incubator at 37˚C 
along with 5% CO2. Collagen coated culture flasks were 
used when necessary and water was always used in de- 
mineralised form. 

2.1. Isolation of LMWC 

Different concentration of chitosan solution was treated 
with pronase in the ratio 100:1 (w/w), incubated for dif- 
ferent periods at 37˚C followed by arresting the reaction 
by heat denaturing the enzyme (100˚C) and added equal 
volume of 2 N NaOH. The precipitated LMWC was ob- 
tained after centrifugation (3000 rpm, 10 min). Then, it 
was dialyzed against deionised water using a membrane 
and freeze dried. 

2.2. Preparation of Nanoparticles  

There are three different types of chitosan such as 6 kDa, 
8 kDa and 10 kDa. The chitosan with 6 kDa was used 
more preferably as it is more compressed then the chito- 
san 8 kDa and 10 kDa. Chitosan nanoparticles (CHNPs) 
were synthesized via the ionotropic gelation [5] of chito- 
san with TPP anions. The synthesis of different concen- 
trations of CH-NPs was first optimized and then dis- 
solved in acetic acid (1%). The sodium tripolyphosphate 
(TPP) solution (1 mg/ml) was prepared by double dis- 
tilled water. Chitosan nanoparticles were spontaneously 
fabricated with the drop wise addition of TPP solution 
(CH/TPP = 4:1) under magnetic stirring (1000 rpm) at 
room temperature (Figure 1(a)). 

The opalescent suspension was shaped under the 
similar above mentioned conditions. The nanoparticles 
were separated by centrifugation at 20,000 g and 14˚C 
for 30 minutes and supernatants was discarded, freeze- 
dried and stored at 5˚C ± 3˚C. The weight of freeze-dried 
nanoparticles was calculated. 

2.3. Characterization 

2.3.1. LMW Chitosan 
Three dissimilar LMW chitosan were prepared on the  

 
(a) 

 
(b) 

 
(c) 

Figure 1. (a) A schematic design for preparation of the 
chitosan nanoparticles using sodium tripolyphosphate 
(TPP); (b) Scanning electron microscopy of chitosan 
nanoparticles; (c) Transmission electron microscopy of 
chitosan nanoparticles. 

 
basis of H NMR technique and viscosity method respec- 
tively. The Mr of chitosan used in this study was 6, 8 and 
10 kDa. All chitosan grades were found to be entirely 
deacetylated. 

2.3.2. SEM (Scanning Electron Microscopy) Analysis 
To observe the morphological features, Field Emission 
Scanning Electron Microscopy, JEOL, JSM-6700F, Ja- 
pan was used. By using sputter coated with a 5 nm thick 
gold, the samples were sprinkled. 
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2.3.3. TEM (Transmission Electron Microscopy) 
Analysis 

TEM analysis was performed on a Hitachi H-8100 elec- 
tron microscope with an acceleration voltage of 200 kV. 

2.3.4. XRD (X-Ray Diffraction) Analysis  
It was carried out using BEDE D-3 system with Cu Kα 
radiation at a generator or voltage of 40 kV and a gen- 
erator current of 100 mA. The samples were scanned 
from scanned from 2θ = 1 – 100˚ at a scanning rate of 
2˚/min.  

2.3.5. Zeta Size and Potential Analysis 
A Malvern Instrument, MAL 1037088, USA was used to 
determine the standard size of particle and zeta potential 
of nanoparticles. Disposable zeta cells measurement was 
carried with ultra pure water at 25˚C with a −50 mV la- 
tex standard calibrated frequently. The mean zeta poten- 
tial was carried out using phase analysis light scattering 
technique. 

2.3.6. FT-IR Analysis 
A Perkin-Elmer Model of FTIR spectrophotometer, USA 
within the range of 4000 - 400 cm−1 was used for the 
samples analysis. Approximately, sample of 5 mg was 
with KBr (100 mg) and condensed into pellet using hy- 
draulic press. The KBr pellet methods were used for all 
FT-IR spectra analysis. 

2.3.7. Thermo Gravimetric Analysis (TGA) 
Thermo gravimetric analysis (Perkin Elmer Model, USA) 
was used having unit of microprocessor temperature 
control with TA data station. The samples mass generally 
in the range of 2 - 3 mg was used. An equipment consist 
of both sample pan with balance system was placed in 
temperature ranges from 25˚C to 800˚C with 50 cm3/min. 
flow rate of nitrogen. The mass of sample pan was re- 
corded constantly as a function of temperature. 

2.3.8. Cell Viability Assay 
In this case, cell (SUDHL-4) suspension with 100 µl 
aliquot containing 106 cells was added to every well of a 
96 well plate (Corning, USA) and cultured 24 h. Then 
cells were treated immediately with different concentra- 
tions of CH-NPs such as 25 µg/ml, 50 µg/ml, 75 µg/ml 
and 100 µg/ml for another 24 or 48 h. The tetrazolium 
dye assay was used to know the consequence of diverse 
treatments on cell viability. The data in this study were 
expressed as mean ± SD. 

2.3.9. DNA Fragmentation 
First cells were treated with 100 µg/ml CH-NPs for 6 or 
24 h, and then collected cells were washed using PBS 

followed by lyses. Then, such cells were used for extrac- 
tion of DNA with phenol/chloroform/isoamyl alcohol 
(25:24:1) followed by chloroform. Precipitation of DNA 
was observed with two volumes of ethanol followed by 
0.3 mol/l sodium acetate. Finally, DNA samples were 
obtained and visualized by agarose gel electrophoresis. 

2.3.10. Determination of Mitochondrial Membrane 
Potential (MMP) 

In this study, SUDHL-4 cells were treated with different 
concentrations (25 µg/ml, 50 µg/ml, 75 µg/ml and 100 
µg/ml) of CH-NPs and followed by staining using rho- 
damine 123 (10 µg/ml) which is simply sequestered by 
MMP [13]. The rhodamine 123 was washed of the cells 
after loss of MMP. The mitochondrial membrane poten- 
tial was find out using FACS calibur flow cytometer. For 
MMP analysis, the Cell Quest software program (BD 
Phar Mingen, Franklin Lakes, USA) was used.  

2.3.11. Cell Cycle Analysis 
Determination of DNA content and peaks of the apop- 
totic cells was done using flow cytometry. SUDHL-4 
cells were grown in RPMI-1640 supplemented with 10% 
FBS. Different concentrations (25 µg/ml, 50 µg/ml, 75 
µg/ml and 100 µg/ml) of CH-NPs were treated for 24h, 
after treatments cells were collected and stored at 4˚C. 
Fixation cells were washed, centrifuged and re-suspend- 
ed in propidium iodine (0.05 mg/ml), RNase (100 U/ml) 
in PBS. The sample was incubated and analysed by 
Calibur flow Cytometer. The Cell Quest software and 
MOdFit software was used to determine the cell cycle 
data. In this study the negative controls were also main- 
tained against the positive controls. 

3. RESULTS AND DISCUSSIONS 

3.1. Determination of LMWC 

The determination of Mr (i.e., 71 ± 2 kDa) of native chi- 
tosan was done using GPC on Sepharose CL-4B and 
calculated its value in accordance with viscometry. In 
good agreement with each other, the DA was calculated 
from IR and 1H-NMR data. Different molecular weight 
(i.e., 10.5 and 6.5 kDa) values were calculated in differ- 
ent time intervals (i.e., 2 - 8 h) by HPLC and GPC. 
LMWC of free-NH2 groups and the column material 
showed minimum interaction using acetate buffer. The 
preparations of LMWC showed indicative molecular ho- 
mogeneity with single symmetrical peak (Table 1) [24- 
28]. 

3.2. Scanning Electron Microscopy and  
Transmission Electron Microscopy Analysis 

The bare chitosan nanoparticle (CH-NP) with size  
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Table 1. Characteristics and percent yield of LMWC. 

DA (%) 
Chitosan Mr (kDa) 

IR H-NMR 
Yield %

Native 71.0 ± 2.0a 26.78 24.53 - 

LMWC—2 h 10.50 ± 0.15b 18.04 17.87 82 

LMWC—4 h 8.10 ± 0.12b 15.34 15.08 78 

LMWC—8 h 6.50 ± 0.12b 13.29 13.34 76 

aDetermined by GPC on sepharose CL-4B column; bDetermined by HPLC. 

 
magnifications was done by SEM analysis (Figure 1(b)). 
The morphology of bare chitosan nanoparticle was 
shown about 78 nm in diameter with spherical in shape 
and found to be agreement. The particle size was de- 
creased due to its aggregation and high specific surface 
energy [29]. 

In TEM analysis, chitosan nanoparticles exhibited 
round shaped due to vesicle disruption (Figure 1(c)) 
[30]. 

3.3. Stability and Biocompatible of the  
Nanoparticles 

The biocompatibility nanoparticles with storage ability 
are great concern in pharmaceuitical fields. It is known 
that small size particles are inclined to agglomerate due 
to reduce free surface area and energy. Different concen- 
trations of TPP were prepared with 2 - 90 days storage 
time at 4˚C to determine the size of nanoparticles (Fig- 
ure 2(a)). Each and every particle was stable with ne- 
glectable fluctuated size within 15 days and some parti- 
cles were shown larger in size at 90 days. The best stor- 
age stability was observed in different concentration of 
TPP (1.0 - 1.25 mg/ml at pH 6.0). The nanoparticles 
were precipitated continuously in undisturbed condition 
for some days and re-dispersed easily by moderate shak- 
ing. 

At higher concentrations of TPP, the chitosan nanopar- 
ticles showed higher degree of cross linking whereas it is 
acceptable in decrease concentration of chitosan. Thus, it 
is resulted more compact particle structure. At the same 
time, particles showed smaller net charge due to neu- 
tralization of amino groups. It was also observed that 
smaller size particles structure due to compact and 
weakened charge repulsion in higher concentration of 
TPP.  

3.4. XRD Analysis 

In XRD analysis both pure and cross linked chitosans 
have been studied in the 2θ range of 5˚ to 60˚. The XRD 
profile of chitosan shows peaks at 23˚ and 50˚ 2θ (Fig- 
ure 2(b)). The crystallinity of the chitosan (3.02%) in 

 
(a) 

 
(b) 

Figure 2. (a) Alteration of average size of chitosan nanoparti- 
cles with different TPP concentration during a storage time of 2 
- 90 days at 4˚C; (b) XRD patterns of chitosan and developed 
membranes. 
 
creases with the increase in degree of deacetylation and 
is attributed to enlarge in intermolecular hydrogen bond- 
ing due to the occurrence of more free NH2 groups 
(Higher Degree of Deacetylation) within the molecular 
structure, which in turn results the better packing of the 
macromolecular polymeric chains and consequent in- 
crease in the crystallinity.  

3.5. Surface Morphology of SUDHL-4  

The distraction of nuclear and cellular membrane exhib- 
ited necrosis under acute physiological stimuli condition. 
This important cause has been used to make a distinction 
necrosis from apoptosis of cellular membrane [31]. The 
chitosan nanoparticles treated with SUDHL-4 cells 
showed an ultra structure under SEM and TEM. Distinc- 
tive morphological characteristics of necrosis were ob- 
served in SUDHL-4 cells after treatment of chitosan 
nanoparticles. The SEM analysis showed both surface 
morphology and normal shape in control SUDHL-4 cells 
but large numbers of irregular microvilli were found in 
cell surface. After 30 minutes treatment of chitosan 
nanoparticles, cell death was induced due to leakage of 
early membrane and reduction of microvilli. After 2 h 
treatment of chitosan nanoparticles showed disintegra- 
tion of microvilli and asymmetrical tiny holes with frac- 
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turing membrane solubilisation. The SUDHL-4 cells thus, 
damaged extensively and looked like as honeycomb 
shape after 4 h treatment. This type of necrotic cell death 
was observed due to pore forming surface morphology as 
well as loss of membrane integrity after the interface of 
CH-NP and plasma membrane. In TEM analysis, disrup- 
tions of cytoplasm and enlargement of organelles were 
observed in chitosan nanoparticles treated with necrotic 
SUDHL-4 cells whereas disrupted microvilli along with 
normal organelles in untreated cells. But vacuolated cells 
and complete disruption of plasma membrane were 
mainly observed after 24 h treatment with chitosan 
nanoparticles [32] (Figures 3(A)-(D)). 

3.6. Zeta Size and Potential of Chitosan 
Nanoparticles 

The normal chitosan nanoparticle size was 65 nm and 
average distribution size ranges starting 46 to 83 nm 
(Figure 4). In zeta potential, the stability of particle was 
significantly inclined on surface charge during the elec- 
trostatic repulsion among the particles. Our scanning 
electron microscopy studies of chitosan nanoparticles 
were almost coincide with the average particle size of 
chitosan nanoparticles (CH-NP). Measurement of zeta 
potential was one of the major indexes to determine the 
stability of nanoparticle suspension. Nanoparticles with  
 

 

Figure 3. (A) Surface morphology of SUDHL-4 cells treated 
with 100 μg/mL chitosan nanoparticles for control cells; (B) 30 
min; (C) 2 h; and (D) 4 h. 

 

Figure 4. Size distributions of chitosan nanoparticles. 
 
high electric surface charge showed high value of zeta 
potential due to repulsive forces between particles which 
leads to stop it from aggregation [33,34]. 

3.7. FTIR Analysis 

In Figure 5(a), the transmission infrared spectra of 
powdered sodium tripolyphosphate (TPP), chitosan (CH) 
and ionically cross-linked chitosan/sodium tripolyphos- 
phate (synthesized by cross-linking in TPP solution) are 
shown. A broad peak at 3433 cm−1 was shown in the bare 
CH−NP which corresponds to NH vibrational frequency. 
Generally, N-H stretching at 3500 - 3200 nm and N-H 
bend at 1550 - 1450 nm are observed in primary amino 
functional group. In FTIR spectrum, the region 4000 - 
2000 nm was excluded due to interference of water 
molecules. The FTIR of TPP has both symmetric stretch- 
ing and also asymmetric bending at 1022 nm and at 615 
nm respectively. In such region (i.e., 615 nm and 1022 
nm), two peaks were observed due to presence of phos- 
phate in TPP chitosan [35,36]. It was also depicted the 
ionic bonding among the TPP and primary amine groups 
in TPP chitosan. Therefore, it implies that the occurrence 
of ammonium groups in TPP chitosan for such cross- 
linking reaction [37]. 

3.8. TGA Analysis 

TGA analysis is normally used to determine the sample 
stability and loss of weight in diverse temperature. In this 
present study, TGA analysis of chitosan nanoparticles 
showed decomposition patterns in four stages (Figure 
5(b)). In first stage, loss of weight (i.e., 6%) at 175˚C 
was observed because of the release of water molecules. 
In second stage, loss of weight (i.e., 22% approximately) 
at 365˚C was observed due to chitosan decomposition. In 
third stage, the loss of weight (i.e., 19%) was observed at 
500˚C caused by decomposition. At last, in fourth stage, 
such decomposition of chitosan was observed at 635˚C 
with 16.79% of weight loss. However, the loss of weight  
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Figure 5. (a) FT-IR spectrum of CS, bare CS-NP; (b) 
Thermogravimetric analysis of CS-NP. 

 
was also examined in two stages due to decomposition of 
chitosan within the range of 320˚C and 470˚C [38,39]. 
Our result could correlate with this report.  

3.9. Cell Viability Assay 

The MTT cell viability assay of SUDHL-4 cells treated 
using different concentrations of CH-NPs ranging as of 
25 to 100 µg/ml were observed. The viability cells were 
inhibited by CH-NPs in varied dose and time. Chitosan 
nanoparticles in median lethal concentration were 15 and 
5 µg/ml for SUDHL-4 cells at 24 and 48 h, respectively 
(Figure 6). A high cytotoxicity against human lymphoma 
cell line could exert in chitosan nanoparticles. It was 
proved that the cell line is susceptible to CH-NPs by an 
IC50 value of 5 µg/ml after 48 h treatment and signifying 
that CH-NPs perhaps an excellent choice for antitumor 
drugs. Thus, size of the nanoparticles was mostly re- 
sponsible in antitumor activity and in vivo distribution. 
Higher accumulation of tumour sites and makes longer 
half-life in vivo due to small size of nanoparticles [40- 
43]. 

3.10. DNA Fragmentation 

The cultured SUDHL-4 cells treated (i.e., 6 or 24 h) with 
100 µg/ml CH-NPs were used for DNA extraction and 

detected necrosis by agarose gel electrophoresis. The 
DNA derivative with necrotic degeneration [44] was 
found after 6 h of incubation whereas larger DNA frag- 
mentation was detected after 24 h of treatment with chi- 
tosan nanoparticles (Figure 7). 

A series of “DNA Ladders” was observed in frag- 
mented DNA due to formation of oligonucleosomes in 
apoptosis [45,46]. The fragmented DNA appears spec-
trum of size permanently during necrosis in contrast [43]. 
Thus, present study indicated that CH-NPs treated with 
tumour cells are mainly responsible for necrosis in frag-
mented DNA continuously. 
 

 

Figure 6. Inhibition of chitosan nanoparticles on SUDHL- 
4 cell proliferation. 

 

 

Figure 7. Showing agarose gel electrophoretic analysis of 
DNA isolated from SUDHL-4 cells incubated with 100 
μg/mL chitosan nanoparticles for 6 h (lane 2) and 24 h 
(lane 3) or without treatment (lane 1). M: a DNA marker. 
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3.11. Alternations of Mitochondial Membrane 
Potential (MMP) 

One of the promising mechanisms concerned for mito-
chondrial damage which is induced by CH-NPs in the 
necrosis of SUDHL-4 cells. In Present study, decrease 
mitochondrial membrane potential in SUDHL-4 cells 
was observed in different concentration of chitosan nano- 
particles after 4 h of treatments. It was also observed that 
increased percentage of cells with loss of mitochondrial 
membrane potential extensively with more concentra- 
tions of CH-NPs. It was 74% with 100 µg/ml concentra- 
tion of CH-NPs. The possible disruption of cell mito- 
chondrial membrane and also strong disruption in mito- 
chondrial membrane potential was observed after the 
treatment of chitosan nanoparticles (Figures 8(a) and 
(b)).  

Regulation of cell death mainly takes place by mito- 
chondria which were already reported [47]. In high Ca2+ 
and oxidative stress, mitochondria forced to changes 
which were swelling, de-energization, decrease mito- 
chondrial potential and inner membrane permeabilization 
[48]. In addition, necrotic cell death and loss of integrity 
in plasma membrane were observed due to dysfunction 
of mitochondria [49]. In this investigation, CH-NPs treat- 
ed with lymphoma cells showed extreme decline of mi- 
tochondria membrane potential which indicated that the 
mitochondrial membrane is damaged (Figure 8(c)). 

3.12. Effects of Cell Cycle 

Different effects of CH-NPs treated with SUDHL-4 cells 
on cell cycle were determined by flow cytometry. The 
effects of CH-NPs were identified and a comparison was 
made in both treated and untreated cells on cell cycle. 
This finding was confirmed in the G0/G1 phase of cell 
cycle and also observed significant decrease of cells. The 
CH-NPs treatment with dose dependent manner showed 
apoptotic peaks and cell apoptotic incidence (9.9% in 
100 µg/ml) [50]. The apoptotic incidence was increase 
up to 10.23% after treatment with 100 µg/ml chitosan 
nanoparticles (CH-NPs) (Figures 9(a) and (b)).This ana- 
lysis exhibited that different concentrations of CH-NPs 
has major role for cell death and significant decline of 
cells in G0/G1 phase. This study also stated that CH-NPs 
showed high cytotoxicity towards lymphoma SUDHL-4 
with necrotic cell death in about 52 mV positive surface 
charge and about 78 nm particle size. The CH-NPs and 
its antitumor mechanism are correlated with membrane 
disorderly inducing apoptosis activities. 

4. CONCLUSION 

In this investigation, we have developed a new method 
for synthesis of CH-NPs using ionic gelation technique  

  
(a)                       (b) 

 
(c) 

Figure 8. (a) Histogram of untreated cells; (b) 
Histogram of cells treated with 100 μg/ml chito- 
san nanoparticles; (c) Chitosan nanoparticles-in- 
duced changes of MMP (loss of MMP). 

 

 
(a)                       (b) 

Figure 9. (a) Effect of chitosan nanoparticles on cell cycle of 
SUDHL-4 cells; (b) Apoptotic incidence of SUDHL-4 cells. 
 
with TPP. The high loading competence with an efficient 
carrier was observed in the optimization ratio of chitosan 
to TPP (4:1). The present study demonstrated that a high 
cytotoxicity against human lymphoma SUDHL-4 cell 
line could exert in chitosan nanoparticles. It was proved 
that the cell line is susceptible to CH-NPs by an IC50 
value of 5 µg/ml after 48 h action signifying that CH- 
NPs are perhaps an excellent choice for antitumor drugs. 
Thus, size of the nanoparticles was mostly responsible in 
antitumor activity and in vivo distribution. Higher accu- 
mulation of tumour sites and makes longer half-life in 
vivo due to small size of nanoparticles. Here, the antitu- 
mor activity which prolongs efficiency could be con- 
trolled by using 78 nm particle size of CH-NPs. The CH- 
NPs showed both lower as well as higher cationic charge 
densities which have higher cytotoxicity effects. The 
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major factor for this cytotoxicity effect of chitosan de- 
rivatives is because of electrostatic ionic interface among 
the groups of negatively charged tumour cells and posi- 
tively charged amino groups of chitosan. Therefore, the 
CH-NPs with 52 mV surface charge are responsible to 
make it higher cytotoxicity activity. Furthermore, the 
CH-NPs inhibited effectively the proliferation of Lym- 
phoma SUDHL-4 in vitro through multiple mechanisms. 
These novel findings strengthen our hypothesis and can 
open a new path for further research against human 
lymphoma.  
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