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A new type of itraconazole amphiphilic chitosan preparation of
nanometer antibacterial agent and activity against Candida albicans
in vitro
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Abstract: The limitations of antifungal drugs and severe drug resistance make the treatment of invasive
fungal infections (IFIs) a great challenge. Itraconazole (ITZ), as a clinical first-line drug, has a wide range of
antifungal activity, but it is still limited by adverse reactions such as liver and kidney toxicity, headache and
abdominal pain due to its poor water solubility and easy to cause drug accumulation by injection. In this study, the
amphiphilic polymer gallic acid-chitosan-cinnamaldehyde (GA-CS-CN) was prepared by amide reaction and
Schiff-base reaction. The drug-loaded nanoparticles (GA-CS-CN/ITZ) were prepared by ultrasonic method. The
properties of nanoparticles formulations and its in vitro antifungal activity were investigated in the study. Studies
have shown that GA-CS-CN/ITZ is spherical, homogeneous and stable, and has good biological safety. The average
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particle size was 239.57 + 31.37 nm, ITZ encapsulation efficiency was (93.41 £+ 1.12)%, and the cumulative drug
release was (62.25 £ 1.88)% at 48 h in vitro. The antifungal activity results of Candida albicans ATCC 10231
(C. albicans) showed that it had the optimal antifungal effect and could significantly enhance the antifungal

activity of free drugs. GA-CS-CN/ITZ prepared in this study has excellent biological safety and anti-C. albicans

performance, which provides a new choice for the treatment of C. albicans infection and has good application

potential in the treatment of this fungal infection.

Key words: itraconazole; C. albicans infection; nanotechnology; chitosan; nanoparticle

FLBA IR W] 53 DN R Ik B 4 2 1 v 0 3 TR SR e A
RAAEAR N 1) 5 G0 1% 5B Ik G 4 BOPR =2 28 1t 3 B R
Yt (invasive fungal infections, IFIs)". 4 5 B B B YL
I PR - 22 SRy i WL PR Rz JER S o, 4810 dan PR L B T A2 9
P 55, PR AR R EE R E N, HA 58
R, A RBURIT N 66.67%, HH B IE &AM #i2 A H
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BREA 51

SR, LB IR G IR IT 29 AE BUD, HAFEZGY)
B EIE KV 5 = ATt 25 v 4 i) e At e ek
(itraconazole, ITZ) {1 NG J7 H B 12 4% (1) 11 PR — £ H
25, BT Z WL BT 1, 6T e R G A R G
Je3) B RIUF R PR w88, ot 2 w8 SR EE
Rl BR A Ja o R R B AN OO L T 5 35 FL A R B 2 1)
OB AE FY, W PR ASE A A 100 AR 1 55 55 Wik v 55 771
. ITZHRAEMZFIZ KRS (BSC) K44, A
ARV A v 187 1 R R, G IR Wi 2 HL 5 ik
SRR T 3G 5 & A AR & 3k i s A A ) 2R
T oGRS RS R RS Rk, R R AR
i e ] 0T B T R G IR T B IR R R .
YK TR — B DR ES 2 BT I A, AR S T 4
B 7K 25 D RV A FE R R A2 M B 1 SR R A AE )
I FEUOVRA ol 24 ) () R e PSS, TR I AR AT A 0 i
YK ITZ AT R E AR 2 A RO

76 5k (chitosan, CS) /E N — M RARPH & T KA
), BRI A AN 22 A T0 8 R AF I AE AR 1 T
AR AR SR KM AR R B PR AR AR T2 A T AR
Y228 . CS 4 14 ik AR 72 R & s TR k], 7]
VERAL RABME LIRSS 2 PP DR 4 SRR IE, CS Xf
2 P2 R0 T A LA T VS B R T T, B R AT A
& 0 O 2 PR B L S BRI A BRCS A, KE
TR, IR DU A & TR (gallic acid, GA)™\
H B EW (thymol)!'F1 P EE R (cinnamaldehyd, CN)!7

S HAA R PUE PUE MR, X LSRN
F T sk 8k, v A A48 m P s s 1 . kT R
AL HT AR 7Y, GA K 2 CS b R Bl i) 4615 51 58 S i -
BB TBRATHEY (CS-GA), £ 5 CS HUid i& T (1 [F] i) 2
T CS/AKIE VR ZE rIvERe, (R AR S0 A 2 DL E 43
FRANKNL o PRI AR B A S B T U B i A, T
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YKL B 7R, B [ 38 B T T 1

(Rl 1, A 98 3 o B Bt 35 A PR ) CS 3T 2
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PERE, SITZ L FE B — P st E e, haeas
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R T AR AR A A IR A R B BE R HUY) N R
A R T OXOID 2 |5 B 4% 58 6 % 0 B3 IR 15 97
B (F BIEAYEAREGRAR); #anE (EZEE L
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Jifn ks 7 5 [FEBR KRB (b ) AR AR B ARt
i WU == AR AR A F).

B AECE R IR A (B E A A
); UV-2550 25 41 A] WL 43 5606 B2 i (Shimadzu 2 #));
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BT (H A JE A 7]); zeta HLAE Ko 492K HE 29 B AX
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1i100), BN, R, A pH £ 5.5, B TUkKBHFE2 h
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pH % 5.5, N AR ¥ | W 24 he R W45 WG, ¥ RN E
Br [# ¥ 4> F il & (molecular weight cutoff, MWCO)
35001 3K, PABR 23 AR 7 771 B R IR RE 11 JE R, VA1
T4 J5 BD 43 GA-CS. 4R ), 181t Ay Kl e Bi, 7£ GA-
CSVEMHIMA CN ) LEFH W, 40 °CIm#Adi s 12 h 5
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GA-CS-CN ZEE )& LA a8 26 1 F s
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CS-CN 4538 1 A% W L 4R A 4 'H NMR &3 ; Jl i 4%
SR I6 6 FE T 200~500 nm P K V8 FE A 3 UV-vis
B R A8 B AR e 21 A6 %G 3% (Fourier transform
infrared spectroscopy, FTIR) T4 000~400 cm™ % K75
LA EAT S 4

AR APRR G E R R

2 EAGUKRL ] % BB R K E N 1 mgrmL!
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4 8 75 AR 30 min (TAE 3 s, [A]FR 3 s, I3 200 W),
1500 r'min” &t 10 min B 25 80259, i 0.22 pm JE
JESRI 753 GA-CS-CN/ITZ #8245 40 KK .

fil & % (encapsulation efficiency, EE) 1%k 2 &
(drug loading, DL) Ml € >k H A ALIE FI R IR V26 1TZ
) EE A1 DL #E47 W 52« BX 500 L %% 24 40 K i %
fifJ5, *h70 FR B SE 25 28 10 mL, 88 A5 A% 30 min A 4% 24
44K L TE A BB IR, UV-vis EI5E 262 nm AL (5 5

B, RIS APURRL N T AR ITZ a2 &, i A
W, %250 (1) (2) THREZ G KR EE M DL:

EE = W,/ W, x 100% (1

DL =W,/ (W,+ W,) x 100% )

Ho, WONEZGUR R S Z, W ONITZ 4
25 W, 9 GA-CS-CN [{HL kL & .

TEARFRARESE  FGRRIRRE— e 55, RH3)
V6B (dynamic light scattering, DLS) il GA-CS-
CN Fll GA-CS-CN/ITZ FIRLA%; F FH ¥ 37 R 514 1
%% (cold field emission scanning electron microscope,
FESEM) X 44 KR iFE 4T FE S 42

Fasg %% HU1 mL GA-CS-CN/ITZ %W, A
1 mL 10% FBS ¥ ¥, 400 L3706 24 A () AR B IR B, T
37 °C. 100 r'min” FHEIRIRZ &% EIRG, 7307 0.1.2,
4.8.12 F124 h BUH VR 5K, K H DLS il & ki f% .

IRSNBE RS 4% 20 mL pH Jy 7.4 [¥) PBS 1F
NRETA BN BB ITZ B a8 K kL, BT 37 °C.
100 r-min™ (I 1E IR IR % 28 LIRS, 0 AIAE 1.2.4.6.8.
12,2448 172 h B H 7€ & 1 I 4k 78 55 & 7] I PBS.
K UV 5E ITZ B
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(115 °C, 15 min) Ja BUH &

WAL T —80 CCUKA BUH R 1 4, IE T
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The synthetic route of gallic acid-chitosan-cinnamaldehyde (GA-CS-CN)
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FH 8% 57 F5k 1 1 R FE N 5.0 10°~2.5%10° CFU-mL",
W B 100 pL AR AN FLAR I 1~11 5 FLH, 12 5L
A 100 pL BTG 1R 7K, 28 11 5 FLAE J BH A AR KO0 R4,
125 UE T AR, ARSI EL. BERE
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K FBEFR AU OD o (B 3E4T 0 5E

i TR S N S I G BRI 1% = 7 T o i B
X PR BB AR AT PR o K A 3 IR I 1R B R
2 1x10° CFU-mL", ¥ CS.GA-CS fll GA-CS-CN H#i B¢
AR A IR, kAT T PDARE 37 36 PR, BT
28 CCIE IR AL B FRAE RS 37 24 h, ST EHEHA T, 4
3T, MIEAIR 3) 1HE A S BRH AR %

Fungal viability = CFU,/CFU, x 100% 3)

Horh, CFU, NSEIR 2 BV B, CFU,, A XTTIRZE Y
PR VR AL DA IR AR, 25 SEAN (AR B 2 4Kk B 4T
HRCR . 725K GA-CS-CNATZ #iBs £ & ITZ 1)
A R IR E N 0.125.0.25.0.5.1 f1 2 pg-mL™.
B gR at BT b

DRI HeE R B RRAUT I EGE N A )
Ji Rk B 4 K R0 1 H0 B B . CS. GA-CS.GA-CS-CN
FT GA-CS-CN/ITZ F TG B8 7K 6 B 22 4 R VR B, 4 0 1A
T EAZ A RIAEAS FIR B2 5 2 h, DLAIE TR K
FEAH AR AN [FAE FIVE 2SI R BTG s 97 47
) T VR B 25 1< 10° CFU-mL™", BURR 34T 4 h, AR 40
3 AT, & W B 25 AR TN AR L, IR R
AT UT BT AR B T 28 oClE R AR B FR A KT 77 24 h, 2R
FRUE AR A= ROV B Bk AT 0 &2

HNE MBI R

GA-CS-CN/ITZ Xt [ €0 8 Bk B A= 0 B 1)+ T4
1 FH 45 i 8 G (V46 I GA-CS-CN/ITZ %o (A 0 & BR
VIR BUER . B 5 KA C. albicans
1x10° CFU-mL" J&5, B T 96 FLiR fH . 15 77 46 28 °Ci &
90 min ¥ B8 /A ZH B, PBS ik 2 /K. IIAHFE i () GA-
CS-CN/ITZ (0.25.1.4 A1 16 pg-mL™") ¥& 51, A1k 15 7%
FiBEFR 24 h )5, PBS VRS 2 K. W EZ AXTIE, M4
SAEASL. M 100 pL FHEE[E € 15 min Ji5 57 2, @840
KIBEVE T« FEIIN 100 pL 0.1% 45 i 48 et 57 Y
30 min J& 2%, HAEK PR 3K FJE NN 150 ul 33%
(1) UK B8 B8 8 €2 5 min, 78 70 ¥4 A& 5 F B8 A7 A% 7E 590 nm
AbHEAT I 5E o

GA-CS-CN/ITZ X} [t BR B A B IS (¥ i) Al
FH /38 40 i G €5 3K 771 & (Calcein-AM/PI) Wi %% GA-
CS-CN/ITZ % (A (08 Bk b A0 MO R (0 52T o R B A
1x10° CFU-mL™" J5 43 A\ CS.GA-CS.GA-CS-CN #1
GA-CS-CN/ITZ, B =AM, HHBE 3 HTIT.

28 °CREH B4 % 12 h J5 &5 0 WA 11 1A, PBS Wi 3 1K
WG 2614 R BN Caleein-AM/PLL % & %% £4 30 min, &
Do EE VR S BT PBS, 1 A O L R = B e
(confocal laser scanning microscope, CLSM) W %% |
EELGR

ZEMIFMN

AN EYE SR MTT ¥ % 8240 K i % NTH-
3T UM 4 A 35 P . 7E 96 FLAR A 2 Fl 4 i, 37 °C 1%
7224 h G, TN S A AN IR0 BE R KR () 85 7R 4k, 4k 2855
7724 ho FH 100 pL MTT ¥ 5 & #e 35 77 2%, e 85 9%
4 h, £ EiE S, LA 100 pL DMSO, #%3% 15 min
15 ORI A, K P A AXCAE 570 nm % TR il & I U
. HEE SR, WAL (@) MM A2

. J Asample B AO 0
Cell v1ab111ty = ﬁ x 100% 4)
control 0
FEr, AL A R A, 5T R AL R

A2 5 R ZLAE 570 nm K A R ' A .

GA-CS-CN/ITZ AR 7S P M/ BRUIR HE SR 4
MBEFEAR T HH 0.5% FFZ=MMEP &, B0 (4 °C,
3 000 r-min™, 10 min) 3% B Z0 40 i, A= BE £h 7K (normal
saline, NS) ¥ii&k £ _iE Jo (o, 5 20 41 i A A= 3 £ 7K 4
% 5% % . GA-CS-CN fil GA-CS-CN/ITZ Bt ] B
JOR R S N 500 pg-mL, 55 AT 4 A R AR VR A R R
4,37 CHHIR I FMPEE 2 he B0 (2 000 r'min’,
10 min), W22 A LA G 3 ML %, A% E
3HETAT. RIEAX 5) IMHEEIMZE (HR):

A — A

HR = e =8 100% (5)
AHZO — 4AnNs

FOrp, A Ay o 1A 5 3SR 5t 2L R 0 R 2

R JF AA of HEE 2 A i R 5 A IR I K 541 nm &8 RO
FEAR

GtFERE AR E /DML EE 3R, Bl
7 i Origin Pro 31 56 B, 4 R N3 1ME + 45
2 (mean = SD). PAP <0.05 NZERH Gt Lo

#HR

1 GA-CS-CNHIRIE

1.1 'HNMRZ#r R ATR & P BRI G T
GA-CS fll GA-CS-CN, i# 1T "H NMR il 5 P2 ) 45 14, 45
FWE 1A B . Xf b CS Al GA-CS #J'H NMR
(K 1A) 1E 0 = 6.95 (C-OH). 6 = 7.26 (-CO-NH-) &t
H LT R AE 08, 53 ) GA b 2 56 A 1 R A 04 0 15k
Jiz B RRIE I, B B GA DB IRAE CS . I8
I A5 KB, K CS 11-NH, 5 CN [f1-CHO #HIZ, il %
T 453 7% ¥ GA-CS-CN ) '"H NMR & 3 21 & 1B ff 7w o
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6=16.78.6 = 7.08 (-CH=CH-CH=N-) JHJ& A CN Z5 ¥ x{
o g i Bk ) SR O, 5 G R R SRR ST IR Wi U
HEo=TONEFESL. §=282(-CH=N-) H)E N CN
[{]-CH=N-_E H [ i, 6 = 7.4~7.7 kb R H L FL A 1K)
WU, A b &5 B B GA-CS WGA-CS-CN & il -
1.2 FTIRR UV 3t 5 CSAHILL, GA-CS (K 2A) 1£
1 750~1 680 cm™ &b #7385 C = O By W 45 4k 2 e, 3% B
CS [f-NH, 5 GA [J-COOH J N & B T Wk e dit, e ) &
% GA-CS & W) . %t GA-CS FIl GA-CS-CN &4 i,
1 634 cm™ 4b KT IR WS04, JAJE D € = NI A i
B U, JIF B e 5L A . BA B 4 B HIE GA-CS.
GA-CS-CN e th il & HAOR B 1 CS 7 2 4. 2B
H1 CS TE 3 4 200~500 nm i3 [ P9 6 552 K 5 Ak, 1T
GA-CS £ 210~220 nm &b F1250~280 nm 4 5 GA
FRACL 48 AP Wi e, THIE B GA-CS BRI & il T TE
GA-CS-CN 17, 208 nm 1287 nm 4k ()45 S i s {7 45
T GA-CS [fJ 5 1F 0& AT CN T 280~290 nm 4t 1t W Ui
I, Yk 2 B3 GA-CS-CN f I il 4%
2 FHEHAWKRAIRE

il % 1) GA-CS-CN N PSR IR &), 24K & K
VAT T I BRI, 55 /K 3% GA 23 [ B U [ 7K R,

T B 7K 3 CN 2= H Bl 5] 4 SR 4L, B s 7K R il X 3k,
BEB LA 20 25 N R BRI I 9K

B ITZ 3% 2=, % %M B GA-CS-CN/
ITZ (") EE & DL, fiis i LA Z L (R 1), A&
25 [ 49 K R & 1Y 10% I, GA-CS-CN/ITZ ¥ EE.DL
1K B B, BERTGORRL I N OGRS E 2 W 1TZ,
BT LA BIF 55 38 5% 1TZ 10 5 24 8 25 11 99 KR 2 1)
10% AT J5 2L 9t

Table 1 Effect of ITZ feed ratio on EE and DL. n =3, x + 5. ITZ:

Itraconazole; EE: Encapsulation efficiency; DL: Drug loading

Added/% EE/% DL/%
10 93.41+1.12 8.50+1.06
20 46.15+2.17 8.45+2.11
30 28.17 +1.56 7.79+1.14

bii ey 2= X “SAMS PP S YNGR L S VAR VR Sp il
KBS, i 3 iR . 13 GA-CS-CN %5 [ 44K
LKL A2 N 173.87 + 19.87 nm (& 3A), i# ik SEM
(B 3B) BT WSR3 2 [ goKoR IR (3R, 43 A 35
—, 5 DLS ¥E il ki 45 25 SR A I, Ui B ) & 1 A9
YeRKRR AR E E S —.

[FEEMTS GA-CS-CN/ITZ }ifE 4 239.57 £31.37 nm
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Figure 1
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Figure 2 FTIR spectra (A) and UV spectra (B) of GA-CS-CN and reactants
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(E30), A g KRR AR B AR K, X2 1 F I
ITZ Ji&, i 770 f 58 7K Jis A7 72 8 K 1) 2 [l A7 B BT 5 350
Wi 3D fii s, GA-CS-CN/ITZ SR, kife it —, 5
DLS 7 Tl R 45 A b 45 SR /0N, 1T R 2 T b7 7
IKIE W AEAE — E BRI %, S8 KR KT
TR
MR F G5 2 2% BRI R 43 BT e 2 bR ) e P i
G5, 8 P 10% FBS RO BE, 25 5240 K KL )
FasetE, 45 R ANE 3E T . GA-CS-CN/ITZ 5 FBS 3
I 7 & 1k R b R AR R AR A AN K, BT B B GA-
CS-CNITZ BA R A4F kL fa e 1 .

5 %5 8T H A GOR KL R, B 28
3F fiT 7, GA-CS-CN/ATZ fE BT A T 4 h P, ITZ
HIRE R I B 30% Ao A7, W RS2 T A B ER
B IR NEUE 2P R, TRIINE 4 b N 2590 10 350 43 R s T LA
B A A RE K ER. 2405, 24
VIR TR A BT G W, 4eFF 218 B HGE %R ; 48 h
i, 254 B AR U N 62.25% /247, Wi B GA-CS-CN/
ITZ W] DA% 259 73 SR 2% B, S 9 FE 47 (R 40 11 A Bk
[ E S
3 MBS BEITN
31 sMMIEREMNE RHAMERBENS GA-CS-
CN/ITZ ) MIC #EAT 00 52, VEAk Ho bt A S 2R 0 RUR

45 R IR, GA-CS-CN/ITZ [#] MIC,y, 4 0.062 5 pg'mL",
I 3 25 ITZ [ MIC,, & 0.25 ug-mL", P # # 2 i1 4 17,
Ui B GA-CS-CNATZ ML T &5 ITZ M RUR,, ARG 4
4T A S BRI E

32 BRAHERITEE KRHAFRERMFRONE
EVEAL R AP B B BRI 8RO [F R BE GA-
CS-CN/ATZ M40 A S R 8 . B4A B T& B0t 48
A, 52 AXT IR AL, CS.GA-CS 1 GA-CS-CN H
) T T B W] 38 /b ) GA-CS Al GA-CS-CN H T 7% L
CSHESH W . 4B o] LAE H, AHEL T2 o0 B4, Bt
AR A PTIR FE IR T v, AH L) B T O B 2 b
FER 22 45 S 1 18 4D fras, AH EE T2 E i B AL, CS
C. albicans W #1111 2 21 4 40%, & % 1) GA-CS F1 GA-
CS-CN [ 2920 49% 1 60%, YT CS, LI GA
HMICN 4% 2] CS E 3G 58 7 CS Pt = 13 3% 1E, 8 GA-
CS-CN It T CS F1 GA-CS [ i b 24 3, $8 58 1 B PR 1)
U . 0B AR BT, 4 GA-CS-CN/ITZ H 1) ITZ J
FUWRFE N 2 pg-mL I, #1125 IE 95%, B AT DL ]
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Figure 3 Characterization and cumulative release curves of nanoparticles. A: Size distribution of GA-CS-CN; B: FESEM of GA-CS-CN;
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