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Preparation and antibacterial activity of compound
chitosan-compound Yizhihao-nanoparticles
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Abstract: Objective To prepare chitosan ( CS) -compound Yizhihao-nanoparticles ( NP)
and to investigate its antibacterial activity. Methods CS NPs were formed by the incorporation
of CS and Na,PO,. CS-compound Yizhihao NPs were prepared by ion-cross-linking. The parti-
cle sizes and surface charges of CS NPs were determined by Malvern Zetasizer 1000-HAS and a-
tomic force microscope ( AFM ) , respectively. The antibacterial acitivity of CS-compound Yizhi-
hao-NPs was studied in vitro and compared with that of compound Yizhihao powder. Results
Malvern Zetasizer 1000-HAS and AFM demonstrated that the diameter of CS-compound Yizhihao
NPs was (137.00 £14.28)nm and CS NPs had (16.90 +1.32) mV positive surface char-
ges. The minimal inhibitory concentrations ( MIC ) of CS-compound Yizhihao NPs on Staphylo-
coccus aureus , Pneumococcus , B -hemolytic streptococcus , and Escherichia coli were 1:32,1:32
1:16 ,and 1:2, respectively. The minimal bactericidal concentrations ( MBC) of CS-compound
Yizhihao-NPs on Staphylococcus aureus , Pneumococcus , B -hemolytic streptococcus , and Escherichia
coli were 1:16,1:16,1:8, and 1:2, respectively. The antibacterial efficacy of CS-compound
Yizhihao-NPs to Staphylococcus aureus , Pneumococcus , and B -hemolytic streptococcus had been
improved significantly (P <0.05). Conclusion CS-compound Yizhihao-nanoparticles have ob-
vious antibacterial activity to the Staphylococcus aureus , Pneumococcus , and [ - hemolytic streptococ-
cus , which lays the experimental foundation for new preparation of traditional Chinese medicine in
future research.
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Chitosan ( CS) is the deacetylated derivative of
chitin and largely available in the exoskeletons of
shellfish or insects , which is one of the abundant , re-
and biodegradable carbohydrate

newable , nontoxic

polymers. It is singular alkaline polysaccharide in

nature %’

. Recently , CS has attracted increasing at-
tention as a biomaterial and pharmaceutical excipient
for drug delivery because of its favorable biological

properties 8

. Besides its low toxicity and biodegra-
dation , CS has some properties of mucoadhesive as
well as an important drug penetration enhancement
capacity across mucosal barriers *'*!. The different
drug carriers of CS nanoparticles ( NPs) have been

B30 1t is clear that

explored by several researchers '
CS NPs have such many distinctive properties as
targeting, delayed releasing, and increasing drug
absorption.

Compound Yizhihao is a kind of Chinese herbal
medicine which is often used to cure upper respirato-
ry tract infection. In order to improve its therapeutic
efficacy , CS NPs were formed during the process of

incorporating CS with Na, PO, and used as the drug

carrier wrapped compound Yizhihao in this study.
We determined the particle sizes and surface charges
of the CS NPs by Malvern Zetasizer 1000-HAS and
atomic force microscope ( AFM ) , respectively , and
examined the antibacterial acitivity of CS-compound

Yizhihao NPs in vitro.

1 MATERIALS AND METHODS

1.1 Materials CS ( deacetylation degree =
90 % , viscosity degree < 100 cps) was purchased from
Shanghai Bo’ ao Biotechnology Limited Company ( Chi-
na). Compound Yizhihao was made by Pharmaceutical
Factory of Xinjiang Medical University ( China ).
Na, PO, was supplied by Jiangsu Lianyungang Chemical
Agent Factory ( China ). D-Glucose was provided by
GIBCO BRL ( USA ). Ultrapure water ( MilliQ Plus,
Millipore Iberica S. A. ,Spain) was used throughout.
The main instruments were Zetasizer 1000-HSA
( Malvern Instruments , Southborough , MA ) , Asylum Re-
search MFP-3D AFM Systems ( Japan ) , Nanoscope IV

Bioscope™ ( Digital Instruments, China ) , Refrigeration

Centrifuge ( Universal 16 R, German ) , Electronic Ana-
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Iytical Balance ( SHIMADZU AUW120D, German ) ,
Magnetic Stirrring Apparatus ( Jinfang Fuhua Apparatus
Limited Company , China ) .

1.2 Methods

1.2.1 Preparation of CS-Na, PO, NPs
was prepared by polymerid dispersion method. 3 mlL of

CS NP

CS solution (1. 44 g/L in acetic acid solution, in
which the mass ratio of chitosan to acetic acid was 1:
1.5) was slowly mixed together with 1.2 mL of an
aqueous Na, PO, solution (0.84 g/L) at room temper-
ature under magnetic stirring , and the reaction was left
overnight to assure the completion of polymerization.
NPs were isolated by centrifugation at 9 000 r/min in
for 40 min and the supernatant was removed ; finally ,
the suspension was filtered by poly ( ethylene tereph-
thalate ) nuclear membrane filter ( diameter of pores is
0.22 pm) and CS NPs was formed.

1.2.2 Preparation of CS-compound Yizhihao NPs

CS-compound Yizhihao NPs were prepared by the

method of ion-cross-linking. 10 mL of compound
Yizhihao solution ( 100 g/L in distilled water ) was
slowly added into 20 mL of CS NPs solution and mixed
by magnetic stirrring apparatus at room temperature for 5
h, then was centrifuged at 6 000 r/ min in for 30 min.
The supernatant was removed and the precipitation was
washed by ddH, O before being resuspended by 150
mmol/ L. NaCl solution ; finally , the mixture was lyophi-
lized with steady state and CS-compound Yizhihao NPs
were formed .
1.2.3 Characterization of CS NP and CS-com-
pound Yizhihao NP The size and Zeta potentials
of CS NPs prepared under the mentioned above condition
was analyzed using Zetasizer 3 000 analyzer ( Malvern
Instruments Ltd. , Southborough , MA , USA ). All sam-
ples were diluted 3-fold in 0. 1 mol/L sodium chlo-
ride..

The size and surface morphology of CS-compound
Yizhihao NPs were analyzed by AJ-III AFM and Zetasi-
zer 3 000 analyzer. Samples were diluted 50-fold and
3-fold in 0. 1 mol/L sodium chloride respectively.
1.2.4 Examination of antibacterial activity of CS-
compound Yizhihao NPs "'*'”’ MH broth and MH
agar plate with 2-fold dilutions of CS-compound Yizhi-

hao NPs solution and compound Yizhihao powder were

used to invest their antibacterial activity in vitro and
compare them with each other. At first, 1 mL of drug
solution was diluted by MH broth or MH serum broth
from the 1st tube to the 10th tube. The 11th tube was
bacterial control and the 12th tube was NH broth with-
out bacterial control. The dilutions from the 1st tube to
the 10th tube were 1:2,1:4 ~1:224. All these
tubes were aligned into 4 rows. lst ~ 11th tubes in
each row were added into 0. 1 mL of different testing
bacterial fluids ( Staphylococcus aureus , Escherichia coli ,
B - hemolytic streptococci , Streptococcus pneumoniae ) re-
spectively. The 12th tube was only added into MH
broth. And then, each tube was cultured at 37 °C for
24 h.

The 1st ~ 6th tubes were diluted to 107,107,
107,107°,107°, 1077, respectively , each of which
were added into 10 mL nutrient agar , miscing bene , and
then the solution of each concentration was poured into 3
plates before being cultured at 37 °C for 24 h.

1.3 Statistical analysis SPSS12. 0 software for
Windows ( SPSS Inc,IL, USA) was used for analysis.
Continuous variables were expressed as x + s. Statistical
analyses were performed with non-parametric. A values

of P <0.05 was considered statistically significant.

2 Results

2.1 CS-compound Yizhihao NPs formation

The particle size and zeta potential of CS NPs were
measured by Zetasizer 3 000 analyzer ( Fig. 1 ). The
size of CS NPs was (96.13 £11.21) nm, while Zeta
potential analysis on the NP revealed a positive surface
charge of (16.90 £1.32)mV.

AFM observation revealed that CS-compound Yizhi-
hao NPs were well uniform and the sizes were between
80 nm and 200 nm in diameter ( Fig.2 ). The size of
CS-compound Yizhihao NPs was (137.00 = 14.28)
nm.

2.2 Antibacterial activity of CS-compound Yizhi-
hao - NPs
shown in Tab. 1 and Tab. 2.

The results of this experiment were
The minimal inhibitory
concentration ( MIC ) and minimal bactericidal concen-
tration ( MBC ) of CS-compound Yizhihao NPs and

Compound Yizhihao powder were shown in Tab. 3.
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Rec Angle KCounts  ZAve(nm) Poly Index Quality Error
1 90.0 7.463 137.1 0.996 Pass 0.00428
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Fig.1 Particle size distributions of the CS-compound Yizhi- Fig.2 AFM photograph of CS-compound Yizhihao NPs, the
hao NPs as measured by Zetasizer 3 000 analyzer. size of NPs ranged from 95 ~150 nm.

Tab.1 Cultural result of bacteria in NH broth

Organism 1:2 1:4 1:8 1:16 1:32 1:64 bacterial control non-bacterial control
Staphylococcus aureus - - - - + + + -
Pneumococcus - - - - + + + -
Streptococcus - - + + + + + -
Escherichia coli + + + + + + + -
—: Clear; =+ :Little muddy; +: Muddy
Tab.2 Cultural result of bacteria in NH agar
Average number of bacteria
Dilution
Staphylococcus aureus Pneumococcus B-hemolytic streptococcus E. coli
1:8 - - - -
1:16 - - 2.2 x107 2.3 x10’
1:32 9.0 x107 1.3 x107 2.8 x10° 2.9 x107
1:64 1.2 x10° 2.6 x 10’ 3.6 x10° 3.5x10’
1:128 1.6 x10* 1.9 x107 4.5 x10° 4.6 x10’
1:256 2.6 x 10° 4.8 x10’ 1.5x10° 1.8 x10’
1:512 2.5 x10° 2.5 x10° 2.5x10° 2.8 x107
Bacterial control 1.5 x10° 3.2x10° 3.5x10° 3.5x10’
Tab.3 MIC and MBC of CS-compound Yizhihao-nanoparticles
Compound Yizhihao powder CS-compound Yizhihao NPs
Organism

MIC MBC MIC MBC
Staphylococcus aureus 1:16 1:8 1:32" 1:16 "
Pneumococcus 1:16 1:8 1:32* 1:16 "
B-hemolytic streptococcus 1:8 1:4 1:16 " 1:8*
Escherichia coli <I:2 <l1:2 <I:2 <I:2

Compared with compound Yizhihao powder, * P <0.05
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3 Discussion

The method of emulation cross-linking was used to
prepare CS-compound Yizhihao NPs in this study. The
formation of CS NPs occurs spontaneously with the in-

Y4 In the  present

corporation of Na, PO, and CS
study , the negatively charged Na, PO, solution and dis-
sociative amino of CS were used to form NPs by the
lonic interaction.

From these results, we found that CS-compound
Yizhihao NPs can inhibit the growth of Staphylococcus
aureus , B - hemolytic streptococci , Streptococcus pneumoni-
ae effectively ; but it did not have any therapeutic
effects to Escherichia coli. It has been also demonstra-
ted that the MIC and MBC values of CS-compound
Yizhihao NPs were significantly decreased compared with
compound Yizhihao powder ( P =0.03,P =0.02, re-
spectively ) , which indicated that the antibacterial activ-
ity of NPs has been improved effectively. The mecha-
nism by which NP exerted its effect was thought to be a
physical outcome , with the NP sterically hindering a
close irreversible attachment , its good prolonged release
effect enhancing the efficacy of drugs loaded by it and
particle sizes in the submicron range facilitating the
penetration of the NPs through the cellular membrane.
Staphylococcus aureus , B-hemolytic streptococci , Strepto-
coccus pneumoniae are all the pathogenic bacteria , which
can cause upper respiratory tract infection. As this re-
sult , if CS-compound Yizhihao NPs have no biotoxicity ,
we can use it to cure upper respiratory tract infection ,
such as pharyngitis , laryngitis , tracheitis and so on. In
order to do some further research and to promote the
development of application of Chinese medicine, we
should invest the biotoxicity of this kind of NPs in the
future .

In this study, it is evident that CS-compound
Yizhihao NPs could be prepared by the method of emu-
lation cross-linking and the process is very easy and
safe. CS NPs could be considered as a promising new
drug delivery system which is able to provide high and
long-lasting mucosal and humoral immune responses.

Our further aim is to investigate the exact mechanism of

CS-compound Yizhihao NP when it exerts the antibacte-

rial properties.

References :

[1] Mansouri S, Cuic Y, Winnik F, et al. Characterization of fo-
late - chitosan - DNA nanoparticles for gene therapy [ J ]. Bio-
materials , 2006 ,27(9) :2060-2065.

[2] Guliyeva U, Oner F, Ozsoy S, et al. Chitosan microparticles
containing plasmid DNA as potential oral gene delivery system
[J]. Eur J Pharm Biopharm ,2006,62 (1) :17-25.

[3] Felt O,Buri P,Gumy R. Chitosan : a unique polysaccharide
for drug delivery [ J]. Drug Dev Ind Pharm, 1998, 24
(11):979-993.

[4] Lemoine D, Francois C, Kedzierewicz F , et al. Stability study
of nanoparticles of poly ( epsilon-caprolactone ) , poly ( L-
lactide ) and poly ( L-lactide -co-glycolide ) [ J]. Biomate-
rials ;1996 ,17(22) :2191-2197.

[5] Gumy R, Peppas N A, Harrington D D, et al. Development
of biodegradable and injectable latices for controlled release of
potent drugs [ J]. Drug Dev Ind Pharm,1981,7 (1) : 1-
25.

[6] XuY M,DuY M, Huang R H. Preparation and modification
of N-( 2-hydroxyl ) propyl-3 -trimethyl ammonium chitosan
chloride nanoparticle as a protein carrier [ J ]. Biomaterials ,
2003,24(27):5015-5022.

[7] Giunchedi P, Genta I, Conti B, et al. Preparation and char-
acterization of ampicillin loaded methylpyrrolidinone and chi-
tosan microspheres [ J]. Biomaterials, 1998 ,19 (1-3) .
157-161.

[8] Calvo P, Vila-Jato J L, Alonso M J. Novel hydrophilic chi-
tosan - polyethylene oxide nanoparticles as protein carriers
[J]. J Appl Polym Sci, 1997 ,63(1): 125-132.

[9] Artursson P, Lindmark T, Davis S S, et al. Effect of chitosan
on the permeability of monolayers of intestinal epithelial cells
(Caco-2) [J]. Pharm Res, 1994 11 (9) .1358-
1361.

[10] Borchard G, LueBen H L, De Boer G A, et al. The potential
of muco -adhesive polymers in enhancing intestinal peptide
drug absorption III; effects of chitosan glutamate and car-
bomer on epithelial tight junctions in vitro [ J ]. J Control
Rel ,1996,39 (3) . 131-138.

[11] Schipper N G M, Varum K M, Artursson P. Chitosan as ab-
sorption enhancers for poorly absorbable drugs 1 : influence of
molecular weight and degree of acetylation on drug transport
across human intestinal epithelia [ J]. Pharm Res, 1996,
13 (11); 1686-1692.

[12] Schipper N G M, Olsson S, Hoostraate A J, et al. Chitosan

as absorption enhancers for poorly absorbable drugs 2 : mecha-



374 HEg AR (R 22D ,2008,33(5)

nism of absorption enhancement [ J]. Pharm Res, 1997 ,14 [16] Wang X R. Phylaxiclogical Microbiology and Docimastic Techno -

(7) :923-929. logy [ M ] . Beijing : People ’ s Medical Publishing House ,2002 .
[13] Schipper N G M, Varum K M, Stenberg P, et al. Chitosan 911-922.

as absorption enhances for poorly absorbable drugs 3 : influ- [17] Zhou Z R, Li F. Medical Microbiology [ M ] . Beijing: Peo-

ence of mucus on absorption enhancement [ J]. Eur J Pharm ple * s Medical Publishing House , 2003 :7-9.

Sci, 1999 ,8 (4) . 335-343. [18] Janes K, Calvo P, Alonso M J, Polysaccharide colloidal parti-
[ 14] Roller S, Covill N. The antimicrobial properties of chitosan in cles as delivery systems for macromolecules [ J ]. Adv Drug

mayonnaise and mayonnaise -based shrimp salads [ J]. J Del Rev,2001,47 (1) 83-97.

Food Prot,2000,63 (2):202-209.

[15] Sugamori T,Iwase H,Maeda M, et al. Local hemostatic effects ( Edited by PENG Min - ning )
of microcrystalline partially deacetylated chitin  hydrochloride
[J]. J Biomed Mater Res,2000,49 (2) . 225-232.

32282, R32,239,239,239,239,239,239.939,239.239.939.039.930.099.239.999.039.939. 099,239,939, 239.939.099.239.939,239.939.230.239.930. 939939239, 239,933, 039.939.299.239.933.039.239.293

(AmmEfMEsbiard)
iR o H

(B mENZEERERE)RHATR YEAFEINERREFZFABAA., ERLC(ESES -
AR RERFSERMM),ELE, ATERFRE, BATHFESNEFHRARGT S FHA G
ZRw i b, mBE T HEAFRRRMARGHRE, TELEAARALE TXLE FE KRREE,
KA A “ P EREIE X SR T ( PERAZOEIT]) 7, 3 = ECLEXEY (CA) FE N2 X EEH
T R R R AWK, RDKER, FARBHRAETLZSKEHARIEE,

KA EAFAKFE FHIEBE CEHRESFFE, KFCEZARB-FhR-%E" 22N EALE,H
TH B I AT R 3k A A

1k - http://www. gjbl. net; http://gjbl. csu. edu. cn

kFBET MEE KD THEE 110 S HBEFK S0 FEH(ERBER ¥ IEREFT) %K

W B 45 75 410078 ; 45 48 31 &, 3% 07314805495 ,4805496 # 809 ; 1% H 07314804351

Jdlnl

E-mail ; gwyxxy@ vip. 163. com ; gwyxxy@ 126. com



