Research Article

iMedPub Journals

http://www.imedpub.com

Antitumor Activity of Normal and Chitosan
Nanoparticles Loaded with Different
Extracted Vitamin B Types

2021

Archives in Cancer Research Vol.9 No. 1: 3

Mohammed M El-Banna™,
Waheed M Salem?, Yasser
Ibrahim Khedr® and Doha M

Abstract

Fresh fruits are considered as a healthy source of water soluble vitamins. Vitamins
are needed for metabolic reactions, their deficiency or increased intake lead
to different irregularities in normal metabolism. Our work aimed to determine
some different types of vitamin B as B1, B6, B2, B9 and B17 and applications of
different methods of extracting and analyzing them by HPLC then loading them on
chitosan nanoparticles (CSNPs) to study its biological applications and cytotoxicity
on different cell lines. HPLC analysis of acid hydrolysis samples showed that
thiamine (B1) was found in range of 88.13-96.66 %, riboflavin (B2) was 95 - 96.216
%, pyridoxine (B6) was 95.22 - 100 %, folate (B9) 95.6-96.94 % while amygdalin
(B17) was 94.975-96.66 %. After loading vitamins with chitosan, the results
showed cytotoxic activities of Vitamins B1, B2, B6, B9 and B17 as these extracted
vitamins were tested against different cancerous and normal cell lines. Vitamin B6
nanoparticles showed the best cytotoxic effect on different cancerous cell lines
as Hepatocelluar carcinoma (HePG2), Mammary gland Breast cancer (MCF-7)
and Epitheliod Carcinoma Cervix cancer (Hela) and it can be considered as a safe
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Introduction

Vitamins are one of the indispensable and vital organiccompounds
provide no calorie but are important for cellular metabolic
reactions. Vitamins are required in small and appropriate amount
for normal growth and regulations. Deficit intake of the vitamins
leads to the clinical malnutrition and continuous deficiency finally
leads to malfunctioning of different enzymes. Some of the vitamin
cannot be produced in our cells from metabolic intermediates so
are needed continuously for cellular enzymatic regulations [1].

Vitamin B1, thiamin, or thiamine, enables the body to use
carbohydrates as energy. It is essential for glucose metabolism,
and it plays a key role in nerve, muscle, and heart function [2].
Vitamin B2 or riboflavin is essential for human health. It can be
found in grains, plants, and dairy products. It has high importance
in breaking down food components, absorbing other nutrients,
and maintaining tissues [3]. Vitamin B6 known as pyridoxine is
one of the B vitamins that benefit the central nervous system.
It is involved in forming myelin. It is not stored by the body, and
it is excreted in the urine, so people need to take in Vitamin B6
everyday [4,5]. Folic acid is a form of vitamin B9 that can dissolve
in water. It is a key ingredient in the making of the nucleic acid
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that forms part of all genetic material. Its forms carry out the
crucial functions of creating more red blood cells [6].

Vitamin B17 is a naturally occurring chemical compound best
known for being falsely promoted as a cancer cure. It is found
in many plants, but most notably in the seeds (kernels) of
apricots, bitter almonds, apples, peaches, and plums. Amygdalin
is classified as a cyanogenic glycoside because each amygdalin
molecule includes a nitrile group, which can be released as the
toxic cyanide anion by the action of a beta-glucosidase [7].

Our work aimed to determine of some different types of vitamin
B and the application of different methods of extracting and
analysing them by means of chromatographic analysis then
loading them on chitosan (CSNPs) to be ready to study its
biological applications on different types of cell lines to assess
their cytotoxicity.

Materials

Materials that are used as Vitamin B1, B2, B6 and Vitamin B9
are from USP reference standard. Vitamin B17 is from SIGMA-
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ALDICH. Fruits as Apple, Apricot, Okra, Almond and Grapes are
collected from local markets. All HPLC apparatus are SHIMADZU
brand. For nanoparticles Chitosan; ACROS (ORGANICS)-
Molecular weight 100,000-300,000 Da ,Different types of Vitamin
B (B1,B2,B6,89,B17), Tripolyphosphate (TPP) and Sodium
Tripolyphosphate Pentabasic purchased from SIGMA-ALDRICH -
Molecular Weight 367.86 g/mol. For Cytotoxic activity of cell lines
as normal human lung fibroblast cell line (WI-38) and a panel of
three human cancerous cell lines as Hepatocelluar carcinoma
(HePG2), Mammary gland Breast cancer (MCF-7) and Epitheliod
Carcinoma Cervix cancer (Hela) [8]. All the five types of cell lines
were obtained from ATCC via Holding company for biological
products and vaccines (VACSERA), Cairo, Egypt. Doxorubicin was
used as a standard anticancer drug for comparison. The reagents
RPMI-1640 medium, MTT (3-(4, 5- dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide) and DMSO (dimethyl sulfoxide)
were purchased from sigma co., St. Louis, USA) and Fetal Bovine
serum (GIBCO, UK) was used.

Methods

Vitamins B1, B2, B6 and B9 extraction

Extraction is carried out by collecting fruits that are collected
from local markets such as Apple, Apricot, Grapes and Okra that
were washed and dried, then 50 g was weighed and cut into small
pieces, then extracted with 0.1 NHCI in water bath at suitable
temperature and time period approximately 30 minutes and
extracts are collected to be treated by HPLC [9].

Vitamin B17 extraction

This process was carried out by collecting Almond, Apple and
apricot from local markets that were washed and dried then
cutted into small pieces and (3 g of each) were reflux extracted by
100 mL water with 0.1% citric acid for 2.5 h in the condition of a
60°C water bath. The water extract was collected after filtration.
The residue was dissolved in 100 mL water with 0.1% citric acid
and the previously mentioned process was repeated.

The two times water extract was then combined and diluted to
200 ml. After extraction, the extract was separated from the solid
plant material by filtering process. Plant extracts is evaporated to
remove the solvent, and then stored in desiccator until it reached
the constant mass. Amygdalin is precipitated by adding diethyl
ether (10 cm3) to the complex [10].The highest quantity of
extracted B17 was obtained from Apricot, so this specimen was
later converted in to nanoparticles and then in studying of their
cytotoxic activities.

Standard preparation

Vitamin B1 stock standard solution of Thiamine HCl is prepared by
dissolving 50 mg of the standard in 0.1 M HCl in 25 mL standard
flask, then completed with the acid. The working standard is
prepared from the stock standard solution by taking 0.5 mg/mL
of the stock (1.0 ml) into 10 mL standard flask and made up to
mark with appropriate solvent. The solution was sonicated for 30
min and 20 uL is injected into the column and separated.
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Vitamin B2 stock standard solution of Riboflavin is prepared by
dissolving 6.9 mg of riboflavin in 100 ml of extraction solution
because the extraction solution. The working standard is prepared
from the stock standard solution by take 5.1 ml was taken in 10
ml volumetric flask, dissolved then completed with bi-distilled
Water. The solution was sonicated for 30 min and 20 uL is injected
into the column and separated.

Vitamin B6 stock standard solution of Pyridoxine HCl is prepared
by dissolving 20.8 mg of the standard in 25 mL standard flask
dissolve then made up to mark with H20. The working standard
is prepared from the stock standard solution by take 2.84 mlin 10
ml volumetric flask complete to volume with H20 .The solution
is sonicated for 30 min and 20 plL is injected into the column and
separated.

Vitamin B9 stock standard is prepared by dissolving 11.2 mg of
folic acid in 25 ml of double distilled water. The working standard
is prepared from the stock standard solution by take 5.196 ml
was taken in 10 ml volumetric flask. The solution was sonicated
for 30 min and 20 plL is injected into the column and separated.
Vitamin B17 stock standard is prepared by dissolving 40 mg of
amygdalin (vitamin B17) in 25 ml of mobile phase. The solution
was sonicated for 30 min and 20 pL is injected into the column
and separated [11].

Samples preparation and HPLC conditions

Vitamin B1 the extracts (2.0 g) are weighed into 200 ml standard
flask, 30 mL of 0.1 M Hcl is added and the mixture is allow to
heat at 40°C for 5 min .The mixture is filtered through ashless
filter paper and then centrifuge for 10 min at 1800 rpm. The
supernatant is sonicated and 20 pL is injected into the column
and separated. Hplc conditions are coulmn bondapack C18
column or equivalent, mobile phase comprised of 90% of 0.01
M sodium mono-hydrogen phosphate and 10% HPLC grade
methanol and wave length set at 254 nm. Flow rate 0.60 ml/min.
Injection volume 20 ul (Figure 1a and 1b). For Figure 1a and 1b as
we examine charts we found that the main peak of VITAMIN B1 in
standard solution is compatible with the peak in test solution in
retention time at the same wavelength. The mobile phase must
be filtered and sonicated for 30 min before use [12,13].
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\ Figure 1(b) : HPLC chart for Vitamin B1 test. j

Vitamins B2, B6 and B9 samples are carried out by weighing 10
gm of extracts then transferred into conical flasks and 25 ml of
extraction solution was added. Keep on shaking water bath at
70°C for 40 min. Thereafter, the sample was cooled down filtered
and finally the volume was made up to 50 ml with extraction
solution. HPLC conditions are column symmetry C18 column (4.6
x 250 mm 5 p), mobile phase Buffer: methanol (96:4) and wave
length set at 280 nm for vitamin B2, 210 nm, for vitamin B6 and
B9. Flow rate 1.0 mL/min. Injection volume 20 pl (Figure 2a and
2b). For Figure 2a and 2b as we examine charts we found that
the main peak of Vitamin B2 in standard solution is compatible
with the peak in test solution in retention time at the same
wavelength. The mobile phase must be filtered and sonicated for
30 min before use.
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(igure 2(a) : HPLC chart for Vitamin B2 standard.
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(igure 2(b) : HPLC chart for Vitamin B2 test. J

One gram of dry Vitamin B17 extract was accurately weighed, and
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then it placed into a 10 cm? flask along with 10 cm® of mobile
phase (Figure 3a and 3b). For Figure 3a and 3b as we examine
charts we found that the main peak of Vitamin B6 in standard
solution is compatible with the peak in test solution in retention
time at the same wavelength. This sample was sonicated for 5
min. 1 cm?3 of this solution was quantitatively transferred into a 10
cm? volumetric flask. The solution was diluted using mobile phase
and mixed and 20 pL of the sample was injected in the HPLC
(Figure 4a and 4b). For Figure 4a and 4b as we examine charts
we found that the main peak of Vitamin B9 in standard solution is
compatible with the peak in test solution in retention time at the
same wavelength. HPLC Analysis using mobile phase mix of water
and acetonitrile 25:75 (v/v). The flow rate of mobile phase with
isocratic elution was 0.9 cm3 min™. Before analysis, the solutions
were filtered through a 0.45 um millipore filter. The quantification
was effected by measuring at 215 nm (Figure 5a and 5b). For
Figure 5a and 5b as we examine charts we found that the main
peak of Vitamin B17 in standard solution is compatible with the
peak in test solution in retention time at the same wavelength.
The separation was performed at the temperature of 25°C and
using a SUPELCO Analytical HS-C18 Column (4.6 x 250 mm, 5 um).
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Qigure 3(b) : HPLC chart for Vitamin B6 test. j
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Loading vitamins with chitosan nanoparticles
(CSNPs)

Vitamins in our study will be converted in to nanoparticles with
the aid of chitosan to be able to increase viability in our applied
applications. Preparation of Chitosan nanoparticles and vitamins
B1, B2, B6, B9 and B17 loaded with Chitosan nanoparticles,
Chitosan nanoparticles (CSNPs) were prepared by ionic gelation
method. CSNPs spontaneously form via the electrostatic
attraction between positively charged primary amino groups on
Chitosan chains and reversely charged polyanions (from TPP).
The resulting opalescent suspension was determined as CSNPs as
is illustrated in Figure 6.

a I

Tripolyphosphate

(TPP)
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©s nanoparticles

Figure 6: Method of ionic gelation to prepare chitosan/
Qipolyphosphate nanoparticles. j

2 mg/ml of Chitosan was dissolved in 1% (w/v) acetic acid and
sonicated before the solution became transparent. The addition
of TPP solution, at a concentration of 0.7 mg/ml drop wise, to
equal volume of CS solution, under continuous stirring at 500 rpm
for 30 minutes at room temperature. The resulting opalescent
suspension was determined as CSNPs. In addition, Chitosan
nanoparticles loaded with vitamin B1, B2, B6, B9 and B17 were
prepared by ionic gelation method.

The same procedures were done for preparation of Chitosan
nanoparticles loaded with vitamin Bl in the presence of 0.2
gm that was dispersed in 100 ml of CS solution. The resulting
opalescent suspension was determined as vitamin Bl loaded
with Chitosan nanoparticles. Reaction mixture was centrifuged
at 11000 rpm at 4°C for 30 mins using high speed cooling
centrifuge. The supernatant was decanted and nanoparticles
were suspended in sterile distilled water and recentrifuged at
11000 rpm at 4°C for 30 mins. To separate the nanoparticles,
the same procedures were done for preparation of Chitosan
nanoparticles loaded with different type of vitamin (B1, B2 ,B6,
B9, B17) in the presence of 0.2 gm that was dispersed in 100 ml| of
CS solution with repeating the same method of vitamin B1 loaded
with Chitosan nanoparticles as above.

Vitamins B1, B2, B6, B9 and B17 solution were prepared by
solubility of 0.2 gm of Vitamin B1 in 200 ml of disttled water.
Scanning electron microscopy (SEM) JEOL-JSM-5400, Japan,
SEM operating at 30 kV. Zetasizer measurements Zeta potential
() were determined using a Zetasizer (ZS), (Nano-ZS, Malvern,
UK). The measurement was carried out in disposable polystyrene
cuvettes at 25°C with measurement angle of 12.8°C and 175°C.
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The zetasizer (Nano-ZS, Malvern, UK). Some scan photos are
shown below to prove that vitamins are converted in to nano-
particles.

Samples that will be used in our applied applications are DOX
as a reference drug, vitamins loaded with chitosan symbolized
as (CSNPs B9, B6, B2, B17 and B1), chitosan (ch) and chitosan
nanoparticles (CSNPs), also vitamins B1, B2, B6, B9 and B17
solutions in normal forms [14].

Vitamins B1, B2, B6, B9 and B17 after loaded with chitosan
nanoparticles (CSNPs) are ready to biological application stage
(cell line technique).

Cytotoxic activity and MTT Assay

Cytotoxic activity is defined as the quality of being toxic to cells.
Examples of toxic agents are an immune cell or some types of
venom, e.g. from the puff adder (Bitis arietans) or brown recluse
spider (Loxosceles reclusa). The MTT assay is a colorimetric
assay for assessing cell metabolic activity. NAD(P)H-dependent
cellular oxidoreductase enzymes may, under defined conditions,
reflect the number of viable cells present. The inhibitory effects
of all the tested vitamins on cell growth using the MTT assay.
This colorimetric assay is based on the conversion of the yellow
tetrazolium bromide (MTT) to a purple formazan derivative by
mitochondrial succinate dehydrogenase in viable cells. Cell lines
were cultured in RPMI-1640 medium with 10% fetal bovine
serum. Antibiotics added were 100 units/ml penicillin and 100
ug/ml streptomycin at 37°C in a 5% Co, incubator. The cell lines
were seeded in a 96-well plate at a density of 1.0 x 104 cells/
well. The plate was incubated at 37°C for 48 h under 5% Co,. After
incubation the cells were treated with different concentration of
compounds and incubated for 24 h. After 24 h of drug treatment,
20 pl of MTT solution at 5 mg/ml was added and incubated for 4
h. Dimethyl sulfoxide (DMSO) in volume of 100 pl is added into
each well to dissolve the purple formazan formed.

The colorimetric assay is measured and recorded at absorbance
of 570 nm using a plate reader (EXL 800, USA). The relative
cell viability in percentage was calculated as (A570 of treated
samples/A570 of untreated sample) x 100[15].

Statistical analysis

The obtained results were statistically analyzed using GraphPad
instat, Version 3.06 (GraphPad) Software Inc., San-Diego,California
USA), and the data were expressed as mean +* standard deviations
(SD) and it statistically analyzed by one way ANOVA (Analysis of
Variance) for multiple comparisons. P values less than 0.05 were
considered significant.

Results and Discussion

For HPLC determination of all Vitamins B1, B2, B6, B9 and B17
As we examine HPLC charts (Figures 1a and 1b) (Figures 5a
and 5b), we found that every item such as standard solution or
test solutions must be injected two injections. For each vitamin
at its specified wavelength, we compare peak of standard and
peak of test at the same retention time we found that they are
approximately the same. By applying the specified calculations

© Under License of Creative Commons Attribution 3.0 License
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we find that the results obtained are close to expected value as
shown below.

Vitamin B1 calculations

(Peak area of test/Peak area of standard) x (Weight of standard/25)
x (1/10) x (200/Weight taken) x standard activity (99.8%) (Figure
7).

K Vitamin B1 \

96.66

95.45

94.975

£3.33
&
i "
38
8 66.67
S0 Apricot Apple
Type of seed
(igure 7: Extracted concentration of Vitamin B1. j

Vitamin B2 calculations

(Peak area of test/Peak area of standard) x (Weight of
standard/100) x (5.1/10) x (50/Weight taken) x standard activity
(99.7%) (Figure 8).

4 N

Vitamin B2
100
96.216 95.26 96.1 a5
83.33
&
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Okra Apricot Appla Grapes
Type of seed
(igure 8: Extracted concentration of Vitamin B2. j

Vitamin B6 calculations

(Peak area of test/Peak area of standard) x (Weight of
standard/25) x (2.84/10) x (50/Weight taken) x standard activity
(99.7%) (Figure 9).
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positive extent of the loading process and they were ready to be
applied on different cell lines.

-

~

Figure 12: Vitamin B1 scan after loaded with chitosan nanoparticles

(igure 9: Extracted concentration of Vitamin B6.

J

Vitamin B9 calculations

(Peak area of test/Peak area of standard) x (Weight of
standard/25) x (5.196/10)x(50/Weight taken) x standard activity
(98.9%) (Figure 10).
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Vitamin B9
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{igure 10: Extracted concentration of Vitamin B9.

J

Vitamin B17 calculations

(Peak area of test/Peak area of standard) x (Weight of standard/25)
x (10/1)x(10/Weight taken) x standard activity(99%) (Figure 11).
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(igure 11: Extracted concentration of Vitamin B17.
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Figures 12-16 shows that vitamins B1, B2, B6, B9, and B17 were
examined to determine the extent of loading them with chitosan
nanoparticles (CSNPs), and the pictures scanned showed the

\(CSNPs B1).

%

-

~

Figure 13: Vitamin B2 scan after loaded with chitosan nanoparticles

\(CSNPs B2). J
4 I

Figure 14: Vitamin B6 scan after loaded with chitosan nanoparticles

\(CSNPs B6). Y,
4 I

Figure 15: Vitamin B9 scan after loaded with chitosan nanoparticles

\(CSNPs B9). )
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Figure 16: Vitamin B17 scan after loaded with chitosan nanoparticles
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Figure 19: Relative viability of tested compounds on epitheliod

@SNPS B17). J @ncerous Hela cell line. j
From the obtained results in our study, some chitosan loading - % I
vitamins as vitamins CSNPs B6, CSNPs B1 and CSNPs B9 showed = m;ﬁ;;;"
excellent results with very low cytotoxic effects on WI38 (normal =5 b~ [TCNPsBY
cell line). It can be safely used in cancer treatment without having o T %
any toxic effects on the normal cells. On the other hand, some g ~4- | CsNPsBZ
other chitosan loading vitamin forms showed highly toxic effects .E b = e
on the normal cell line which indicated that it has hazardous £ i C&\::Ch'
effects on normal cell and cannot be safely used as Vitamins 3 - B2
CSNPs B17. Vitamin B17 solution (in its normal form) gave highly é = :;
cytotoxic effects on the tested normal cell line but by chitosan ¢ —— B9
loading it showed greater cytotoxicity (Figures 17-20). Rt
f \ Figure 20: Belative viability of tested compounds on normal cancerous
1_ (R;';{E’“ \MCF7 cell line. )
- _:_ % For different cancerous cell lines, vitamins CSNPs B6 and CSNPs
g"::. o B1 showed excellent results on all tested cell lines with values
;;’ Ly £ i E:\‘P‘::l‘? comparable to the results obtained by doxorubicin (the reference
X ol + |Emo— drug). Vitamins CSNPs B9 and CSNPs B17 also showed good
E pt : :: results. While, vitamins CSNPs B2, the solution of vitamins B1,
s ] AL = B2, B9, B6 and B17 showed relatively weak cytotoxic activities
£ 0 -~ [ (Table 1).
© ] BY
RSt Dol o o Tested In vitro Cytotoxicity IC50 (pg/ml)
compound WiI38 HePG2 Hela MCF7
Ifigure 17: Relative viability of tested compounds on normal W138 cell DOX 6.72+0.5 450+ 0.2 557404 | 417+02
@e. j (Reference
drug)
e == DOX N CSNPsB9 | 76.40+4.1 | 21.23+19 | 26.78+1.8 | 14.82+1.3
-+ | %" CSNPsB6 | 51.36+3.4 | 13.06+1.0 | 1534+1.2 | 9.91+08
o CSNPsBl | 61.48+3.6 | 17.15+1.4 | 20.59+15 | 12.35+ 1.0
s CSNPs Bl CSNPs B2 33.82+2.7| 39.40+2.4 | 2817+2.1 |2478+1.9
= . I D CSNPsB17 | 18.73+1.5 | 36.29+2.3 | 41.32+2.7 | 19.06+ 1.6
E & e CSNPsCh. | 25.93+19 | 4721238 | 4508+3.0 3157+24
= —— Bl B1 43.07+3.2 | 83.49+43 | 92.11+4.8 |74.13+3.7
§ I :: B2 65.29+3.9 | 52.67+3.2 | 57.63+3.4 | 46.59+3.1
& o Bl B6 32.80+25| 68.16+3.8 | 71.34+3.7 | 55.16 £3.6
s = B9 B17 27.14+2.2 | 63.44+3.6 | 59.15+3.5 | 48.07+3.3
i B9 42.19+3.3 | 75.03+39 | 86.26+4.2 | 37.10+2.8
Figure 18: Relative viability of tested compounds against cancerous Ch. 4085+29| 9.48+08 | 11.60+0.9 | 7.24+0.5

wePGZ cell line. j
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Table 1: Cytotoxic activity of the tested compounds against different
cell lines show that Vitamins are highly promising to be used in cancer

therapy and antioxidant treatments, respectively.

Inspire of the strong cytotoxic activity of chitosan loading
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vitamin B17 (CSNPs B17) against cancerous cell lines form, but
it also showed also highly cytotoxicity against normal cell lines.
Even vitamin-B17 solution showed the same cytotoxic effect on
normal cell line. It can be explained by the cyanide poisoning
which results from cyanide release. Many recent previous studies
documented its clinically ineffective effects in treating cancer
[16]. These results completely destroyed the false promotion as
a cancer cure. These findings were in contrast to the old facts
discovered by Krebs (1940) who documented that inside body
Beta-glucosidase enzyme splits vitamin B17 into toxic cyanide
ions and benzaldehyde that tend to kill tumor cells in a sort
of pseudo-apoptosis. In human body, enzyme Rhodanese is
present only in normal tissues with maximum concentration in
the liver that breaks hydrogen cyanide and benzaldehyde into
thiocyanates and benzoic acid necessarily in nourishment of
healthy cells and production of vitamin B12. Krebs also described
the mode of action of amygdalin by characterizing the existence of
enzyme Rhodanese in whole body except tumor cells. Contrarily,
the enzyme beta-glycocidase was found only in cancerous
cells. Amygdalin is decomposed by the action of enzyme RB-D-
glucosidase found in cancerous cells not healthy cells to yield
hydrocyanic acid [17,18]. These conflicting explanations may
depend on free released cyanide concentrations.

The excellent cytotoxic activities of both CSNPs B6 and CSNPs B1
can be explained by the ability of pyridoxine to lower the levels
of 8-hydroxyguanosine (8-OHdG), 4-hydroxy-2-nonenal (4-HNE,
oxidative stress markers) and inducible nitric oxide (NO) synthase
protein [19]. It also reduces homocysteine concentrations in
blood [20]. So, these results can be considered as promising
starting point for the development of new anticancer agents from
pyridoxine. Many previous studies documented that thiamine
(vitamin B1) reduces cancer cell proliferation mainly by alteration
in the regulation of the thiamine-dependent enzyme pyruvate
dehydrogenase [21,22].

Conclusion

In conclusion, these results suggest that the chitosan loading
nanoparticles of vitamins B6 (CSNPs B6) and B1 (CSNPs B1)
can be a novel platform for the successful anticancer drugs.The
study showed that fruits are good extraction sources of vitamins
B1, B2, B6, B9, and B17. The presence of these vitamins was
analyzed and indicated by chromatographic methods in the
expected proportions. Chitosan loading nanoparticles of the
extracted vitamins were applied against normal and cancerous
cell lines. The results showed impressive and starting point for
the development of new anticancer agents.
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