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Preparation and antibacterial activity of HNTs/CG composite

Wu Yu Yang Yongtao Chen Yun Tian Weiqun

(Department of Biomedical Engineering,School of Basic Medical Sciences,
Wuhan University, Wuhan 430071)

Abstract An antibacterial drug chlorhexidine gluconate (CG) was introduced to the lumen of halloysite
nanotubes (HNTs) to prepare a new antibacterial composite. Transmission electron microscopy ( TEM) was used to
analyze the morphology of HNTs, the structure of HNTs/CG composite was characterized by fourier transform-
infrared (FT-IR) .the antibacterial effect was tested by inhibition zone test. The morphology of S.aureus was observed
by scanning electron microscopy (SEM) after incubation with HNTs/CG.The acute oral toxicity test was conducted to
evaluate the toxic side effects of HNTs/CG in the short term.The results showed that the drug was successfully loaded
on HNTs,and the HNTs/CG showed excellent antibacterial activity against Staphylococcus aureus (S.aureus) and
Escherichia coli (E.coli).The cell wall of S.aureus incubated with HNTs/CG which disrupted and killed the bacterial.
In addition, HNTs/CG did not cause histopathologic changes to the various organs of tested mice. The results suggested
that HNTs/CG was a non-toxic new nanoantibacterial composite material.

Key words halloysite nanotube, chlorhexidine gluconate,antibacterial composite,antibacterial activity

WAL A 22 (CG) & —Fh DU &K 259 7
ML EAT ISP, HAT. AR A O )
T O ESY 5 TR S R KRR R
WU . A IEIE R B A B IR S O AR R 1 7
B ARG Ao e EHE R
TG T TR0 B A 5 R | B S R T O R L O g
BT RE R AR R AR . IR E— R bt
B3R 2 A 22 PR B B TR TR AS 32 A AP TR IR

B A K [ALSLO, (OH), »nH, O] & —

HEEWMA :EXKARB=H 4 (81471789)

EBE BN R (19927, Lo WL WP S0 A, F2 B FRGORAHRE N AT 5T

Tl R SR S R 1) o 0 TR A 0 g B A L Y op A AEORR
ghikh, T H 2 2 ARG 90K 8 B R Y 4L
FedEY GREINEmE S—O—Si &, a0
R, NEmE Al-OH, BRIEAYKEKO. 5~
lpm, #M2 50nm, A2 15nm") , SR A 90 K 45 4
FE SRR s T LA A 345 RO Ay T (2T O R
SIBE TN I R — P A% 58 45 4 58 0% B 1k 95 M o
TG AN R BB R A BRI A AR A SR TR
B AR (4 2600/ ke)  HAR AR 2 BRI 0 o T

BCOR OACH IR W R AT S S, BN AR A B R RO R R 2 R BT A



.+ 240 - o T BB ow 5 46 &

T AR T AR R AR A 5 (500 SETT/ ke Y
i A KA R L L TR I A G KA B A o S B R M AR
Tolk ARz

AW LLTCHLIR % A0 40 KA O B T 79 284 17 4
A LB R R PR A O L 456 ZH M H &
TR e S M R BT AW, B TR
Py 1B 7 450 3R B8 T 5 IR S R

1 SLIEEHS

1.1 &7

BB A WA HNTs, EEM A AL (OH) -
Si, O5 1 FBIN 4 BHOG B % A BR 2> 7 5 0 45 5 R W
(CG,Cyy Hyy CLN,, Oy, s DU ZE PR IC B 2546 T F
BN ) 5 4 o8 €0 4 40 BR B L R W AT B L ) B AR
PR b o 5 AR 35 4 43 B 28 5 S50 % i FH K 1
R LB FK.
1.2 HNTs/CGC EAHEAFIM G &

PR = Wata o 9 i WA S L A N s i P
CG 5l A% HNTs . FHL0.05g HNTs il A 324
W AR RS W L AE LS SR I A LS SR TR
HZS i 4 30min 5, K2 %K Smin, N T3R5 &
TR, PRSBRER 2 Kk, AR ERZE K
HNTs/CG i & % 7€ 9000r/min 25 4 T & .0
1omin, 2R JG 8 FKUGUE 2 IRDABR KR EE G 1
259, B R B ARAR B ULTE AR 50°C BEAE T4 S5 ED
A58 HNTs/CG 2 AP,
1.3 ik 5 RME

$ HNTs By R o8 F oK )5 . A 30min
Je ) RSO A VR R B VR YR B AR AR |, T
P 5 AE % 5t L 85 (TEM, Tecnail2 %1, 25 i FEI 24
A WG, I L TR R 120KV 5 5% JH 48 5L 21 48
BEAY(FT-IR, TNZ1-5700 %, 2 [ Nicolet 24 7)) %
fiE HNTs #l HNTs/CG & A& Bl 454 . .9 #5E
il 4000~ 400em ™" ; $F 4 B {0 ) 4 Bk 0 4 il 5 4l
HNTs fl HNTs/CG & &30 Al 255 2 5, I &£
T 2.5 %0 B [ 2 b J5 TR RS TE T
e B A% 42 I L FH 8 HL 85 (SEML, VEGAS B, B 7
TESCAN 2\ F]) W %% 45 8 €64 %5 Bk 0 1 T & 22 4k
JIGE L A 10~20kV,
1.4 MEEX®E

Bl LB WA R 75 3, 121°C KB 30min, PEHL
2 R AT SmL JC TR MR AR KRG IR JE L 7E 37 °CH L% IR
By 24h 5 R BB R W N 10°CFU/mL,
e LB AR F2 3 o A AR BC ] LB [ R B 72 56,

B 100 L T A8 R U AT 76 [ 1A - Al 1, 88 )5 76 7 i h
I — A H AN Smm By L. 4 BB 0. 02g 4l
HNTs 5§ HNTs/CG & &Hum flm A 2L, £ H]
TCHE KN . B F AR R 37°C IR B 35 A P B
B SR 240 5 ERAE R,
1.5 AMZO05F5HXE

f R /N 10 B IKE N 18~22g, MilfE 4%
K BEHLAN AL 4 4L, B2 10 H L 48R 3 2H R [ ) 4
(1000mg/kg & & . 3000mg/kg & # F1 5000mg/kg
PREED FZS X R (AR HLER KD . SCIG 4R FHE B
A LI—K 20mL/kg RE X /NRME S . #EH )5/
RFEEEE 1~2h, ST 25 78 W N id ¢
ST B SET R b RS, R
T UG F0 45 R B 30 5% s 9 1R L I L7 O 2% )
BRI A E 1k, FEWNEM SR E
ZAR S LR 0 LR ERCH A
WA R IFAG T REFEVE 28

2 ZRE5itiR

2.1 TEM %#f

HNTs # TEM B WL 1, dE A%, HNTs £
By oy iy eh s AR G5 L 7 3 T 1S B 3, v () 45 T
Wil W, HNTs £ 0.2~ 1pm, N4 10~ 20nm, 4h
£ 20~50nm., BB RIRE ARG g 25 ) 1) 1 H 42
BT AT RE , fi I

Bl 1 KRRESFHEAT HNTs 19 TEM
[(a)2pm; (b)200nm ]

2.2 FT-IR %7

T 2 0 A ) 1 R B kA L R
FT-IR #4740 1. 25 R Wl 2. m &l 2 #hZ (a) 7]
H1,3694 Fl 3622cm ™' Ab A R TH AL OH Ay 45 4
o i g, — M—OH % 8 W A Al 5 T
1638cm ™' 4b2 HNTs &8 45 & 7K i 25 i iz 20 e ik
Vg, 911 Ml 536cm ™" &b 43 S N FB—OH Al Si—O
(4 I 2 W i . X B HNTs, HNTs/CG &
AP R R ACE A H R AR W0, IR FE 1579 AN
1492cm ™" Ab HA 259 53 A0 B SR 00 4R 2l Wl 0



%6 o WA BRI WUORAE /A TR S O KA HURE R RO A B R P RE T Y .« 241 -

[t LAY U 245 ) 73 0820 S B e HINTs 1

g
B
=
b
3694 3622 ) X i 1911 536,
4000 3000 2000 1000
BB /em
K 2 HNTs(a) M HNTs/CG &ZAHEF (b)Y
FT-IR % &l

2.3 HIHEBEXK

HNTs #l HNTs/CG & & $it 5 7 1Y 4 5 el 52
BB B ULPE 3. FR AT, HNTs i 4 8 60 7 2 Bk
W (S.aureus) F1 KA (E.Coli ) #y G T A H
Bl 1 HNTs/CG &4 5 b 77 Ja) il L 90 0 i iy 400 7
B, 25 SR, HNTs XF 4 o8 €0 1 25 BR 38 A K AT
BV BUEBOR T HNTs/CG 84 40 7 % 9 1
B EPURE M Ik — U T PR 259 K ) B3
T HNTs b, gigoRas phRb A s v, 440
B 250 5 R B GOK S P L PR 259 T DL s
28 1% B 05 A0 BV TR IR B MR R

3 HNTs il HNTs/CG & & 5 7 it
R P S50 4 R B
[HNTs 305 B 5056 . (a) &3 OB ERE . (b) KRIGATH
HNTs/CG & A B0 Y 05 B 92 50 (o) 4 38 (0 0 25 B3R
(D KIGFH ]

2.4 SEM 4#7

N TR HEER HNTs/CG B A P E 7l b
PUHEL, i F SEM WLEE 4 % (3 4 3K 1A 5 HNTs Al
HNTs/CG &4 ¥t i 7 /E H G 40 % 198 & 728 16 1%
Ol SR ULE 4, ETE, 5 HNTs L5537 5 1 40
AL S R . M5 HNTs/CG fEH G 1 4
B (0 7] 25 BR VAT 4 L K 2 8 M L 4 TR 4 L RE Y L N

FWHNE AT AN LG DU 25 W R R R
HLHE AT B8 iy 4 2 Bl 9 S © 2 4 IE A A7 R AR
I 1) 240 ] 2 T 417 £ R T P 00 R A AT, OF 2 T A4
JE A SN TR MR 152 5 DA T 8 A2 200 i 5 ) 36 o
PG N & WA S BEUE AT

4 LHEEEERE S HNTs(a) #1 HNTs/CG
BEWEA (DB FRE R SEM B

2.5 RAMEOFHLRE

HNTs/CG &5 P05 78 52 b i 2 i 26 200 2
HERE R R R, k2 HRE A S IR
W HNTs/CG &4 P07 770 801 N 78 B BT/ BUIR A
BB TR T S5 R ILER 1. R a5 B A A
70 32 L Y B W /0N BT 7 S A R AT AT T
A BRE T RO, 72 WE R P 2N, /D
REE B UOR AN SRS B A 2 B . KX
G PR R BB BB 2 0 e R E LDy 12
5000mg/kg PR HE & LI G 2 )8 TR i .

R 1 HNTs/CGC ERMEFMNAKELOSHELE

Fil i/ it /g
o
(mgekg™ ") od 7d 14d
1000 10 27.3242.77 31.15+3.60 37.354+3.80
3000 10 26.1341.86 29.87+4.99 36.60+3.47
5000 10 26.104+1.79 26.94+1.58 32.77+1.68

BS54 S R [l ) & 4 (B1. 28 1 3T IR B2

1000mg/mL;B3: 3000mg/mL; B4:5000mg/mL) # & ¥

INERR 45 P AL 288 B (AL D5 A2 IF5 A3 85 Ad: i
A5 5 HE Y0 F



o 242 -

& T BB OB

o546 %

TE NS 45 HS B 2% 70) 2 f) <2 56 B W /DN BRL Y
O IR RTE  BEAT I HE e @ WA 5,
F T AT AN 5 0] R 2 B /0N SRR L A2 3K 3l W 1Y 4% 201
UL B B 00 B 8 A, 3 B DOl s R
HNTs/CG & & Bt i 57 20 5 A7 03 7)> B 2% 2H 41
. KA RW AL BR HNTs/CG &4 HiE il 2
— P ICRE MR R S W EUR O T AR AR R
2 AV ] REAE R Ok i 5 B B 22 9 MR PN B AR A 52 G 2
uEM .

3 it

HAE T —FF B HNTs/CG & &P, W58

S B HAT G R A0 4 B (00 480 40 Bk T R R M AT T 28K

SR AR P BIL B 36 e BE 0 A5 U A0 T A0 i BE A A

AN S NS S ECERRIET s Sk 0T

WERFEY HNTs/CG & 45 i il 5l & — Fh I35 1

WA YR E S Ak B TR Y bR R T
b AU T T

Sk

[1] Bhaveen H,Kapadia M D,Randa K,et al. A randomized, clini-
cal trial of preadmission chlorhexidine skin preparation for
lower extremitry total Joint arthroplasty[ J]. The Journal of
Arthroplasty,2016,31(12) :2856-2861.

[2] HBELACERHTEN UL b EEE
27(4) :460-462.

FHRE L2010,

[3] Lecouvet B,Gutierrez ] G,Sclavons M, et al.Structure-proper-
ty relationships in polyamise 12/halloysite nanotube nano-
composites[ ] ]. Polymer Degradation and stability, 2011, 96
(2):226-235.

[4] GuoB,ChenF,Lei Y,et al.Styrene-butadiene rubber/halloys-
ite nanotubes nanocomposites modified by sorbic acid[J]. Ap-

plied Surface Science,2009,255(5) :7329-7336.

P A 017 B i T 40 5 i 58
HRIFTELE G L5

WIWERAR T KRERE
TR 9 IR A U A I ST R D R .

i R
LR A BB T E KV 46 TSR DU i
BB S5 . A ATB AR D B BAAE AR KTV
s - OURR R  T 3R =R B B

46 ALY DA B 7 P2 260 TF k5

[5]

(7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

HEEXTFFRZIAXERER L

Pl DAY 1) T8 A £ 3

Fix D, Andreeva D V,Lvov Y M, et al. Application of inhibi-
tor-loaded halloysite naonotubes in active anti-corrosive coat-
ings[J]. Advanced Functional Materials,2009,19(11);1720-
1727.
Xue J J,Niu Y Z,Gong M, et al.Electrospun microfiber mem-
branes embedded with drug-loaded clay nanotubes for sus-
tained antimicrobial protection[ J]. ACS Nano, 2015, 9 (2):
1600-1612.
Lvov Y M, Shchukin D G, Mohwald H, et al. Halloysite clay
nanotubes for controlled release of protection agents[ J]. ACS
Nano,2008,2(5) :814-820.
Shi Y F, Tian Z, Zhang Y, et al. Functionalized halloysite
nanotube-based carrier for intracellular delivery of antisense
oligonucleotides[ ] ]. Nanoscale Research Letters,2011,6(1)
608.
Abdullayev E, Abbasov V, Tursunbayeva A,et al.Self-healing
coatigs based on halloysite clay polymer composites for pro-
tection of copper alloys[J].ACS Applied Materials and Inter-
faces,2013,5(10) :4464-4471.
Abdullayev E,Sakakibara K, Okamoto K,et al.Natural tubule
clay template synthesis of silver nanorods for antibacterial
composite coating[ J].ACS Applied Materials and Interfaces,
2011,3(10) :4040-4046.
Shchukin D G, Lamaka S V, Yasakau K A, et al. Active an-
ticorrosion coatings with halloysite nanocontainers[ J].Journal
of Physical Chemistry C,2008,112(4):958-964.
Yuan P, Tan D, Annabi-Bergaya F.Properties and applications
of halloysite nanotubes: recent research advances and future
prospects[ ] ]. Applied Clay Science,2015,112-113:75-93.
Meng N,Zhou N L, Zhang S Q, et al.Controlled release and
antibacterial activity chlorhexidine acetate (CA) intercalated
in montmorillonite [ ] ]. International Journal of Pharmaceu-
tics,»2009,382(1) :45-49.
Fraser N S,Johnson A K, Wilborn R, et al.Evaluation of chlo-
rhexidine hydrochloride treatment on endometrial health of
normal mares[ ]J]. Theriogenology,2017,88:61-66.

WFs B :2017-02-24

R i e R

S P S A

T AT U RSB 4 A 5B

42 A AR B X B B3 70 26 0 MR L 7 R 3 o %
S VR 258 4 BT 78 2R 1 AT PR VR 2 P 4 250 44 1 +

TE*/\J] 1J0ﬁkm E/JEEI% { jF/

XR E BR L IR +

AR P R R B BB A R OAR S T % X R AT =

TR 1%

I AR SC PRI P Y 24 T LA <%frzi_>i

S S U





