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ABSTRACT

Introduction: Chitosan is one of the natural polymers can gen-
erally consider as a biocompatible and biodegradable polycationic
polymer, which has minimum immunogenicity and low cytotox-
icity. Therefore, chitosan and its derivatives may represent poten-
tially safe cationic carriers for use in gene delivery. Materials and
Methods: Chitosan with 90.1 DD% obtained by deacetylation of
chitin extracted from local shrimp shells. Graft copolymerization
of L-lactide onto chitosan was carried out at room temperature by
ring opening polymerization under a nitrogen atmosphere to pre-
pare chitosan-g-poly (N-lactide) graft copolymer. It was obtained
in good yield and characterized by FTIR. The samples purity and
concentration were detected using both Nanodrop UV-spectros-
copy and agarose gel electrophoresis techniques. The human
heat shock proteins gene, hsp-70, was used as a model of human
genes to study the effect of chitosan-g-poly (N-lactide) graft co-
polymer. Results and Discussion: The results revealed that chi-
tosan-g-poly (N-lactide) graft copolymers had safety effect on the
DNA, and binding with it. the human heat shock proteins gene,
hsp-70, was used as a model of human genes to study the effect
of chitosan-g-poly (N-lactide) graft copolymer, it shows a good
binding ability the human gene, implies that it might be used in
biomedical applications in the future. Conclusions: Grafting of
L-lactide onto chitosn by ring opening polymerization was con-
firmed by FTIR. The repared polymer hase safety effects
on human DNA and genes. The chitosan-g-poly (N-lactide) graft
copolymer has shown highly efficiency to electrostatic interaction
with human DNA and gene, implying that it is suitable to be used
as DNA and gene delivery.

Hadi S. Al-Lami, University of Bastah, hadisalman54@yahoo.com.
Afrodet A. Saleh, University of Bastah, afrodet30@yahoo.com.
Mabhir A. Jalal, University of Basrah, mahir_asaad@yahoo.com.

Sara H. Mutasher, University of Basrah,sarahhikmet990@yahoo.com.

Innovaciencia

1


http://dx.doi.org/10.15649/2346075X.462
https://orcid.org/0000-0001-6412-4203
https://orcid.org/0000-0003-4398-855X
https://orcid.org/0000-0002-1748-7930
https://orcid.org/0000-0001-9078-3042

2

INTRODUCCTION

Chitosan is a deacylated derivative of chitin (N-ace-
tyl-2-amino-2-deoxy-D-glucopyranose units, linked
by B-D (1-4) bonds ¢ These units are distributed
randomly or in block throughout the polymer chain
depending on the processing method used to obtain
the biopolymer derivatives “* The chitosan is char-
acterized by its acetylation degree (AD) or deacetyl-
ation (DD) “ which is calculated statistically by the
proportion of D-glucosamine and N-acetyl-D-glu-
cosamine by its molecular weight “* The chitosan
amino group has a pKa value of ~0.5, so, chitosan
can be positively charged and soluble in acidic to
neutral solution with a charge density practically de-
pends on pH and degree of deacetylation percent-
age™

Chitosan is one of that can generally consider as bio-
compatible and biodegradable polycationic polymer,
which has minimum immunogenicity and low cyto-
toxicity “* Therefore, chitosan and its detivatives may
represent potentially safe cationic carriers for use in
gene delivery © Factors include; degree of deacetyl-
ation, molecular weight, and charge of chitosan, and
pH media, are significant role in the determination
of the transfection efficiency of polyplexes contain-
ing chitosan and DNA &

It’s well-known that poly(L-lactide) is a hydrophobic
polymer because it has the CH, side groups “*>and
it has been widely used in biomedical applications,
such as sustained drug delivery systems due to its
faster degradation rate ™ Yan Wu and et al., recently
reported that poly(IL-lactide) is a kind of biodegrad-
able materials with low toxicity, the excellent bio-
compatibility and bio-absorbability in vivo. In

addition, they were also prepared microcells of chi-
tosan—polylactide graft copolymer with amphiphilic
behavior used as a promising delivery carrier for the

entrapment and controlled release of hydrophobic
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drugs “* Others were found these micelles with low-

er initial drug load exhibited afaster release rate **

Grafting I-lactide onto chitosan is a key for increas-
ing hydrophilicity and controlling degradation rate,
and it was achieved by ring opening polymerization
using Ti(OBu), as catalysts “* Attempting to find
other metal catalysts for initiate polymerization pro-
cess was successfully discovered by Ji Young Kim and
et al., using LiCl as a catalyst, high molecular weight
of grafting copolymer was obtained > Self-catalysis
strategy can be also used for this purpose 4

Some reported kind of literature™'* mentioned that
chitosan can be grafted with the terminally func-
tional PLA via the reaction of amino groups. The
amino group at is expected to be more reactive than
the hydroxyl groups due possibly to their high nu-
cleophilicity. But at the same time it is not possible
to totally neglect the reactivity of —OH groups be-
cause this was the main co-initiator used by several
research teams in the ROP of lactides. So, there is
a possibility that esterification might also take place

partly, and the main product being the amide **

In this study, a powerful synthetic strategy for graft-
ing of L-Lactide into chitosan by the ring-opening
copolymerization was placed on. Using DUB as an
active and safe organic catalyst can provide an alter-
native method to prepare new chitosan-based bio-
hybrids without toxic metals that may have wide ap-
plications in biotechnological and in controlled drug

delivery systems.
MATERIALS AND METHOD
MATERIALS

Chitosan with 90.1 DD% obtained by deacetylation
of chitin extracted from local shrimp shells as re-
ported in the literature. The extraction process in-

volved drying and grinding the shrimp shells, and



then washed vigorously with (5%) hydrochloric acid
solution by mechanical stirrer to remove minerals
and their salts to get chitin. Thiswas added to (50%)
sodium hydroxide solution, and the mixture wasleft
reflux for 3 hours. Finally, residual was washed with
water and dried “*. The product, chitosan, was puri-
fied by dissolving in 1% acetic acid and stirred until a
homogenous solution is obtained and any insoluble
may present, were removed by filtration. Chitosan
solution was titrated with 4N NaOH until pH value
of 8.5 was reached. The chitosan obtained is washed

several times with distilled water, filtered and dried
@1

The L-lactide and 1,8-Diazabicyclo[5.4.0Jundec-7-
ene, (DBU), were supplied by Sigma-Aldrich. Sol-
vents, toluene and acetone, were also supplied by

Sigma-Aldrich and they purified and dried to be used

as a reagent for ring-opening copolymerization “*.

_ CH,OH _
H HsC
o)
OH
_|_
B ﬁ NH, |n
Chitosan(CS)
_ CH,OH
H
O
OH
~
B NH

METHODS

1g of L-lactide, 1g of purified chitosan and 100 ml
of dry toluene were charged in a three-neck round
bottom flask fitted with mechanical stirrer, inlet and
outlet gas tube. The reaction was carried out in pres-
ence of 90 x/ of DBU as a catalyst with stirring for
24 hours at room temperature under dry nitrogen
gas. The mixture was filtered and washed by acetone
for twice. Next, vacuum was used to dry sample for
24 hours which finally characterized by FTIR. IR
spectra were recorded on Fourier-transform infra-
red spectrometer (JASCO FTIR 4200/Polymer Re-
search Center, University of Basrah)). Chitosan and
its graft copolymer were examined as KBr pressed
disc.Scheme 1 shows the schematic chemical reac-

tion equation.

DBU

room temperture
CHj

L-lactide(LA)

N

n

C—CH—O

8  &n,

C—CH——OH

6 dn

Chitosan-g-poly(N-lactide) (CS-g-PNLA)

Scheme 1. Ring-opening grafting copolymerization of L-Lactide onto chitosan
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BIOTECHNOLOGY STUDY

DNA EXTRACTION

Human genomic DNA was extracted using the
DNA extraction Mini Kit, (Geneaid Company) from
fresh blood samples. The quantity and quality of
purified DNA were determined by the Nanodrop
(Nanodrop/Optizen, Department of Biology/Uni-
versity of Basrah), at 260/280 nm and agarose gel
electrophoresis, respectively, reported as a literature

method “*.

EFFECT CHITOSAN-G-POLY(N-LACTIDE)
ON HUMAN GENOMIC DNA

Different concentrations chitosan-g-poly(N-lactide)
graft copolymers were examined for interaction with
DNA and the results were investigated by electro-
phoresis apparatus (Fisher Scientific/Department
of Biology/University of Basrah ) using agarose gel.
Complexes were prepared by mixing 10 #/ of DNA
with 10 #/ of polymer solutions which are: (0.1, 0.4,
0.6, 0.8 and 1) mg/ml (2% HAC). After incubation
for 1h at 37°C, the mixture was examined using 0.8%
agarose gel; the free human DNA was used as a pos-
itive control sample. The gel was run at 60 V for 1
h using 1X TBE buffer as a gel running buffer, af-
ter which the bands were visualized using a UV light
transilluminator (ATTA, Department of Biology/
University of Basrah). The concentration of DNA
and absorption were determined by UV spectrosco-
py at 260 nm, to determine the percentage of the

binding nucleotide in DNA samples with polymers.
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The mixtures were undergoing electrophoresis for
1h on a 0.8% agarose gel in. Ethidium bromide was
used to stain the gel and photographed under UV

transilluminator.

DETECTION OF THE HEAT SHOCK PRO-
TEIN GENE BY POLYMERASE CHAIN RE-
ACTION (PCR)

The amplification method using specific sequences
of primers according to the Kowalczyk et al. “*for
detecting the heat shock protein-70 genes (hsp-70)
was used and the amplified PCR (Eppendotf/De-
partment of Biology/University of Basrah) products
were electrophoresed using 2% agarose gel ethidium

bromide-stained.

STUDY THE BINDING AFFINITY OF CHI-
TOSAN-G-POLY (N-LACTIDE) WITH HU-
MAN GENE

10 u/ of heat shock protein gene with 10 #/ of pre-
pated polymer with concentration (1 mg/ml) were
mixing then subjected to electrophoresis using 2%
agarose, to determine the binding affinity of these

polymers with human genes.

RESULTS

FTIRCHARACTERIZATION

FTIR spectroscopy was used to characterized the

extracted chitosan and the prepared chitosan-graft-

ed-poly (N-lactide) copolymer, Figure 1.
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Figure 1. FTIR spectrum of chitosan and CS-g-PNLA copolymer

MOLECULAR RESULTS

Absorption spectra of DNA complexes with chi-
tosan and CS-g-PNLA copolymer were employed to

study the concentration changes associated with the

1000

400

interaction between the polymer and the DNA. Re-

sults obtained are shown in Figure (2).
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Figure 2. Effect of different concentration of chitosan and CS-g-PNLA copolymer on the DNA absot-

bance

The binding affinity for serial concentrations of chitosan/DNA and CS-g-PNLA copolymer/DNA com-
plexes with human DNA were shown in Figure (3).

THE BINDING ABILITY OF CS-G-POLY(N-LACTIDE) GRAFT COPOLYMER WITH HU-
MAN GENE

The heat shock protein gene (hsp-70) with 590 bp. in length®” was used is used to study the binding ability
of CS-g-PNLA copolymer with human genes. The effect of prepared polymer on gene was studied by gel

electrophoresis as shown in Figure 4.

6 Innovaciencia



control

Chitosan

control

CS-g-PNLA

Figure 3. Gel electrophoresis of chitosan and CS-g-PNLA copolymer

1=DNA ladder ~

2=DNA control
3=CS-g-PNLA

Figure 4. PCR product of hsp-70 gene complex with CS-g-PNLA copolymer
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DISCUSSION

FTIR spectrum of chitosan shows a broad band be-
tween 3600-3000 cm™ related to the stretching vi-
bration of hydroxy and amino groups,and a weak
band with a peak at 1658 cm™ assigned for amide 1
which was left from deacetylation process. Figure 1
also shows absorption around 1070 cm-1assigned to
the C-O-C glycosidic linkage. The other two peaks at
2975 cm™ and 1450 cm™ represent stretching of the
aliphatic C-H bond of methylene groups and bend-
ing aliphatic C-H bond for CH,OH groups, respec-
tively. While Figure 2, exhibits the FTIR spectrum of
the prepared chitosan-g-poly(N-lactide) graft copo-
lymer. In comparison with Figure 1, it indicates the
appearance of a new absorption peak at 1758 cm
!, assigned for stretching vibration of the carbonyl
ester groups of the grafted poly (lactide) onto chi-
tosan “*. This confirmed that the grafting process
of L-lactide onto chitosan by ring opening polymer-

ization took place.

Examining Figure 3, one can observe that the ab-
sorption of the DNA-polymer complex is decreasing
with increasing the polymer concentration in com-
parison with the absorption of the DNA control. It
was assumed that each phosphate group of DNA
is a binding site and that each protonated group of
polymer molecule can interact with more than one
binding site on DNA “*** The results obtained,
demonstrating that the binding density increases
by increasing polymer concentration, and when the
number of neutralized charges on DNA exceeds a
critical number, the interaction can permit to apply
it in DNA delivery system (non-viral carriers), espe-
cially with the presence of chitosan which is con-
sidered one of the most common natural polymers

studied in non-viral gene delivery “-*%.
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The migration of DNA in the gel was observed as
the ratio of the polymer was increased, this obser-
vation demonstrating that the studied polymer is ca-
pable of binding to the DNA at a normal human
temperature, i.e. 37 °C, and low pH value, although
there was a migration of free DNA higher than the

copolymers-DNA complexes.

Complexation between DNA and the protonated
polymer has been characterized in terms of several
features such as electrostatic interactions “*”. Un-
derstanding the DNA-polymer interaction and the
stability of these complexes in media that are rele-
vant to their in vitro properties and in vivo applica-
tion is essential for the optimal design of the syn-
thetic vector “1%,

The PCR product of hsp-70 gene was about 590 bp.
in length. Meanwhile, the gene-polymer complexes
were raised to about 800 bp. due to the interaction
of these polymers with the gene that prompted us to

develop non-viral means of delivering genes in vivo.

CONCLUSIONS

1. The prepared CS-g-PNLA copolymer has safety
effects on human DNA and genes.

2. It shows high efficiency to electrostatic interac-
tion with human DNA and gene.

3. This may make the copolymer be use as DNA and
gene delivery.
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