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TOM TAT

TOI UU HOA NAP LIEU IBUPROFEN VA CIPROFLOXACIN TREN VAT LIEU LOP 2D
VO CO THONG QUA PHUONG PHAP BE MAT PHAN UNG (RSM) - THIET KE PHOI
HQP CO TAM (CCD) VA UNG DUNG KHANG KHUAN, KHANG VIEM

Nghién ciru nay tap trung ché tao cdc mau CIP-ZnAl-LDH va IBU-ZnAl-LDH duea trén qud trinh t6i wu héa
su dung phwong phap bé mat dap irmg (RSM) két hop voi thiét ké phéi hop cé tam (CCD) (trong dé, CIP 1a
thuéc khang sinh Czproﬂoxaczn IBU la thuéc chong viém ibuprofen va ZnAl-LDH la vt liéu hydroxlt lop
d6i). Cdc diéu kién tién quyét bao gom nhiét dg (X1:70 °C), thoi gian phan vmg (X218 h) va khoi heong CIP
(Xa: 1,0 g)/khoi lwong IBU (X5: 0,5 g) dé dat cong thike t6i wu (CIP-ZNAI-LDH chira 41,89% CIP va IBU-
ZnAI-LDH chira 27,51 % IBU). Vé tiem nang khang khudn, gid tri nong dé vre ché toi thiéu (MIC) ciia CIP-
ZnAl-LDH déi véi E. coli va B. subtilis la 100 ug/mL va ving e ché dat 22 mm doi véi E. coli va 19 mm
doi véi B. subtilis. Vé déc tinh té bao, IBU-ZnAI-LDH chi biéu hién déc tinh té bdao & mfng do cao (100
ug/mL). Sir dung CIP-ZnAl-LDH (10-100 zg/mL) va IBU-ZnAI-LDH (10-30 ug/mL) dé dam bdo hon 80 %
1y 1é song ciia té bao RAW 264.7.

Tir khéa: ZnAl-LDH, Ciprofloxacin, Ibuprofen, phwong phdp bé mat ddp img, thiét ké phoi hop cé tim,
khdng khudn va déc tinh té bao

1 INTRODUCTION developmen_t of drug_ delivery_/ _s_ystems

because of its good biocompatibility and
Advanced material-based drug delivery low cytotoxicity, high drug loading
technology ~ has  opened up  new capacity, and protection of loaded drugs
opportunities for therapeutics as these from degradation [1]. In addition to the
materials can maintain therapeutic drug requirement of good drug carriers,
concentrations, _minimize side effects, optimizing the drug loading efficiency on
enhance drug efficacy, etc. [1]. As a two- LDHs was very important to accelerate
dimensional  nanostructured inorganic the process of killing bacteria effectively
layered ~ material,  layered  double and without causing side effects. The
hydroxide (LDHs) was considered a novel conventional and classical approach based
and  promising  candidate for the on the selection of one factor at a time
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was comprehensive but time-consuming
and infeasible to derive realistic optimal
conditions and interactions between
factors [2]. Statistical experimental design
was a method characterized by varying
factors simultaneously at different levels,
thereby finding the main effects and
interactions between factors using the
minimum number of experiments without
compromising the quality [3]. This study
used response surface methodology with
central composite design (RSM-CCD) to
optimize the loading efficiency of
antibiotic (Ciprofloxacin-CIP) and anti-
inflammatory drug (Ibuprofen-1BU) onto
ZnAl-LDH to find the desired constraints
along with the interactions between
factors such as temperature, time and drug
mass. Furthermore, the CIP-LDH and
IBU-LDH samples were also
characterized and applied for antibacterial
and cytotoxicity.

2. EXPERIMENT

2.1. Statistical design for drug loading
onto ZnAl-LDH

RSM-CCD statistical modeling was used
to optimize drug loading efficiency (CIP
or IBU) onto ZnAl-LDH two-dimensional
materials. Using Design Expert Version
13.0.5.0 (Stat-Ease Inc., Minneapolis,
USA), 17 experimental runs were
generated to examine the effects of three
factors including temperature (Xy),
reaction time (X3), CIP/IBU mass (X3) on
the loading efficiency of each drug onto
ZnAl-LDH. The levels of the three factors
were coded as — 1 (low), 0 (medium), and
+ 1 (high). The value ranges for X, Xa,
and X3 were 55-75 °C, 16-19 h, and 0.5-
1.0 g for CIP or 0.25-0.5 g for IBU,
respectively. The mass of ZnAl-LDH was
kept constant at 1.0 gram in all
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experiments. Each experimental run used
a qQuadratic design to quantify the
response and regression analysis. The
model is statistically significant if the p-
value is less than 0.05 (95 % confidence
level). The mathematical relationship
between the response and the independent
variables can be modeled using the
following quadratic model:

Y =X, bX; + X5, buXP +
Peji=1j=2 bijXiX; + by (1)

where Y is the response; X; and X7 are
the independent variables and quadratic
parameters, respectively; X;X; is the
interaction of the independent variables;
b, is the intercept coefficient and
b;, by;, b;; are the linear coefficients.

2.2. Drug loading onto the ZnAl-LDH

The experiments on the synthesis of
ZnAl-LDH and drug loading onto ZnAl-
LDH were performed in an ultrasonic
bath under N, atmosphere. The solution
(0.75 M Zn(NOg3), and 0.25 M AI(NO3)3)
was added dropwise into the alkaline
solution (2 M NaOH and 0.2 M Na,COs),
ultrasonicated at 100 W. The pH of the
solution was maintained at 10 throughout
the synthesis. The resulting slurry (ZnAl-
LDH) was aged at 70 °C and 100 W
ultrasonicated for 24 h. The solid was
collected by centrifugation, followed by
washing with deionized water and drying
at 70 °C for 10 h and calcination at 520
°C for 3 h to obtain ZnAl-LDO.

Approximately 1.0 g of finely ground
ZnAl-LDO was dispersed in 250 mL of
solution containing 0.5-1.0 g of CIP or
0.25-0.5 g of IBU and ultrasonicated at
100 W. The temperature and reaction time
were changed to 55-75 °C and 16-19 h,
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respectively. The solid products were
obtained by filtration, washed with
decarbonized distilled water and dried for
18 h at 70 °C. The percentage of CIP or
IBU loading on ZnAl-LDH was
quantified by measuring the concentration
of organic carbon (TOC) in ZnAl-LDH
after drug loading. The drug loaded onto
ZnAl-LDH  expressed as  loading
efficiency (%LE) was calculated by the
following formula:

Drug in ZnAl-LDH
Mass of product

%LE = X 100%  (2)

2.3. Validation of experimental design

Validation of the experimental design was
performed based on relative error (%RE)
using the following formula:

Predicted values—Actual values

%RE = x 100%)

Predicted values

2.4. Characterization

The crystal structure and functional
groups of the samples were performed on
a XRD-6000 X-ray diffractometer
(Shimadzu, Tokyo, Japan) and a Bruker
Vector 22 FT-IR spectrometer,
respectively. The surface morphology of
the samples was studied by field emission
scanning electron microscopy (FESEM,
Hitachi S-4800, Japan). The sample's
particle size distribution was determined
by Dynamic Light Scattering (DLS) using
a Horiba SZ-100 Nanoparticle Analyzer.
The elemental composition of the samples
was analyzed on a CHNSO elemental
analyzer (Mettler Toledo, USA) for
organic elements (C, H, O and N), ICP-
OES (Perkin Elmer, USA) for Zn, Al and
ion chromatography (IC) (Metrohm,
Switzerland) for F.

2.5. Antimicrobial activity assay

Standardized strains American Type
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Culture Collection (ATCC) (Manassas,
USA), Bacillus subtilis (B. subtillis
ATCC 6633) and Escherichia coli (E. coli
ATCC 8739) were used to evaluate the
antibacterial activity of the materials. For
the assays, samples were diluted with
dimethyl sulfoxide (DMSO) and loaded
into a microtiter plate with each of the
microbial strains. Bacterial strains were
inoculated in Mueller Hinton medium
(MHB, Sigma) for 24 h at 37 °C.
Gentamycin and doxycycline were used as
positive controls for E. coli and B. subtillis,
respectively. Bacterial strains cultured
without  gentamycin/doxycycline/ZnAl-
LDH/CIP-LDH were used as negative
controls.  The  minimum inhibitory
concentration (MIC) is the concentration at
which microbial growth could not be seen.
Bacterial strains were seeded in 96-well
plates and inoculated with different
concentrations of CIP, ZnAIl-LDH or CIP-
LDH (200, 100, 50, 25.5, and 125
pg/mL). MIC was determined by visual
inspection after inoculation at 37 °C for 24
h. Samples were considered to have
antimicrobial activities if the MIC value is
<200 pg/mL.

For the inhibition zone test of the
material, sterile Mueller-Hinton agar was
prepared on 150 x 15 mm petri dishes. A
swab of pure bacterial culture was spread
evenly on Mueller-Hinton agar plates.
The treated product sample was placed on
the medium plates using sterile forceps.
These petri dishes were incubated for 24
hours at 37 °C along with other optimal
conditions for bacterial growth. After the
incubation period, a clear area (zone of

inhibition) around the antibacterial
product sample was observed and
measured.
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2.6. Cytotoxicity assays

The assay was conducted to assess the
cytotoxicity in the presence of samples
(ZnAl-LDH, CIP-LDH and IBU-LDH).
RAW 264.7 cells from ATCC (Manassas,
VA, USA) were cultured for 48 hrs. in
Dulbecco’s Modified Eagle Medium
(DMEM) and 10% Fetal bovine serum
(FBS) at 37 °C in a humidified incubator
with 5 % CO,. RAW264.7 cells were
seeded in 96-well plates at a density of
2.5x10° cells/well. Cells were then
stimulated with 2 pL Lipopolysaccharide
(LPS) (0.1 mg/mL) in the presence of
samples at concentrations of 10, 30, and
100 pg/mL, and then incubated for 48 hrs.
The cells were seeded with cardamonin
(0.3 and 3 uM) as a positive control.

After 48 hrs. of incubation of RAW264.7
cells with samples (10-100 ug/mL), the
suspension was collected and the NO
concentration was determined using
Griess reagent (sulfanilic acid and N-1-
napthylethylenediamine dihydrochloride
(NED) in phosphoric acid medium).
Griess reagent (20 pL) was added to 280
pL of the solution mixture (150 pL of the
analytical sample and 130 pL of
deionized water). Sulfanilic acid reacted
with nitrite in an analytical sample to
form a diazonium salt, which then reacted
with NED to form the azo dye. The
absorbance was measured within 30 min.
on an Infinite F50 spectrophotometer
(Tecan, Mannedorf, Switzerland) at 570
nm.

Cell viability was determined using 3-
(4,5-Dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium  bromide (MTT)
reagent. After 48 hrs. of incubation of
RAW?264.7 cells with samples (10-100
ug/mL), the supernatant was replaced
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with MTT reagent (0.5 mg/mL) and
incubated at 37°C for 4 h. After
incubation, the MTT reagent was replaced
with DMSO solvent. The absorbance of
formazan generated from MTT was
measured on an Infinite F50 instrument
(Tecan, Mannedorf, Switzerland) at
540/720 nm. Cell viability (%) was
calculated using the following formula:

Absorbancesgmple

% Viability = X 100%

(4)

AbsorbanceConnoz(_)

3. RESULTS AND DISCUSSION

3.1. Optimization of drug loading onto
ZnAl-LDH

The effects of specific variables and
interactions between variables to achieve
maximum loading efficiency of CIP or
IBU were studied using CCD. A total of
17 experimental runs were performed and
the observed results were listed in Table
1. The loading efficiency of CIP and IBU
ranged from 31.13 to 41.58 % and 17.33
to 2719 %, respectively. The
experimental data in Table 2 showed a
good fit with the quadratic model. The
quadratic mode was shown in Equations
(5) and (6) describe the relationship
between the temperature (Xi), reaction
time (X;) and mass of CIP or IBU (X3)
and loading efficiency (YY) of CIP or IBU
onto ZnAl-LDH.

Yeip toadea = 0.53X; + 0.44X, +
3.87X; — 1.05X? — 1.10XZ + 0.66X2 +
0.12X,X, + 0.17X, X5 + 0.22X, X5 +
36.90 (5)

Yi5u toadea = 1.59X; + 0.85X, +
1.76X5 — 3.69X% — 1.04X2 — 0.90X2 +
0.44X,X, + 0.68X,X; — 0.41X,X; +
26.24 (6)
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Table 1. Experimental runs projected and their observed responses

Variables levels

CIP-LDH

IBU-LDH

Observed (mean + SD,

Observed (mean + SD,

No. Temp Time  Mass of n=3) Predicted n=3) Predicted
0 TEY e woe k0P TSR ey A
(ma/ma) loading (ma/ma) loading
1 55 16.0 0.50/0.25 0.192+0.009 31.13+1.50 31.09 0.131+£0.011 17.33+x1.47 17.12
2 75 16.0 0.50/0.25 0.194+0.010 31.52+1.63 31.54 0.138+0.012 18.20+1.64 18.06
3 55 19.0 0.50/0.25 0.193+£0.009 31.38+1.45 31.28 0.142+0.012 18.71+156 18.77
4 75 190 0.50/0.25 0.199+0.010 32.27+£1.58 32.23 0.162+0.012 21.40+1.54 21.46
5 55 160 1.0/0.5 0.234+0.011 38.00+1.78 38.04 0.153+0.012 20.20+1.64 20.11
6 75 16.0 1.0/05 0.241+0.009 39.09+1.46 39.19 0.181+0.011 23.87£1.47 23.77
7 55 19.0 1.0/05 0.241+0.009 39.13+1.49 39.11 0.151+0.012 20.00+£1.57 20.11
8 75 190 1.0/0.5 0.251+0.010 40.71+155 40.75 0.192+0.010 25.35+1.34 25.52
9 55 17,5 0.750/0.375 0.217 £0.008 35.20+£1.34 35.33 0.158+0.009 20.82 +£1.19 20.96
10 75 17,5 0.750/0.375 0.225+0.010 36.50 + 1.66 36.38 0.183+0.013 24.13+1.68 24.14
11 65 16.0 0.750/0.375 0.219+0.011 3547 +1.75 3536 0.180+0.011 23.81+1.45 24.35
12 65 19.0 0.750/0.375 0.223 +£0.010 36.12+1.63 36.24 0.200+0.012 26.45+1.60 26.05
13 65 175 0.50/0.25 0.207 £0.009 33.53+1.52 33.69 0.177+0.010 23.34+1.36 23.58
14 65 175 1.0/0.5 0.256+0.012 41.58+1.92 4143 0.206+0.011 27.19+1.41 27.10
15 65 17,5 0.750/0.375 0.228 £0.012 37.00+1.91 36.90 0.199+0.010 26.31+1.36 26.24
16 65 17.5 0.750/0.375 0.227 £0.009 36.90 + 1.53 36.90 0.197 +0.011 26.05+1.41 26.24
17 65 17.5 0.750/0.375 0.227 £0.009 36.82 +1.43 36.90 0.202+0.008 26.66 +1.10 26.24

The 3D graph in Fig. 1 showed that CIP
and IBU loading efficiency was positively
influenced by all the three processing
parameters. Equation 5 presents that
temperature and reaction time had a
negligible influence on CIP loading
efficiency compared to CIP mass. The
CIP loading efficiency increased with
increasing CIP mass (Figure 1b and 1c).
Equation 6 presents temperature and 1BU
mass had a greater impact on the IBU
loading efficiency than time. When
temperature and IBU mass increased, IBU
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loading efficiency was also increased. The
ANOVA results for the quadratic model
(Equations 5 and 6) were presented in
Table 2.

For the CIP loading efficiency on ZnAl-
LDH, the coefficient of determination fits
the data relatively well, with a high R?
value of 0.9991 and an adjusted R* value
of 0.9979, which implied that the model
could accurately predict the CIP loading
efficiency on ZnAl-LDH. The coefficient
of variation (C.V.) is 0.41 %, which was
within the acceptable range (<10 %) [4],
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implying that the proposed model was a
good fit. Adequate precision of 92.06,
which was much higher than the desired
value (desired > 4), implied that this
model could be used to navigate the
design space. The statistical significance
of the coefficient terms was evaluated
through the p-values (p < 0.05) and F-
values. The high F-value (F = 856.51) and
low p-value (<0.0001) (Table 2)
demonstrated that the model was highly
significant. For the main effects, the CIP
mass (X3) had a significant effect on the
CIP loading efficiency onto ZnAl-LDH (F

= 6976.17, p < 0.0001), followed by
temperature (X;) (F = 12852, p <
0.0001), while reaction time (X;) had a
lower effect but still significant (F =
90.27, p < 0.0001). Furthermore, the
interaction between reaction time (Xjy)
and CIP mass (X3) had a more significant
effect (high F of 17.85 and p = 0.0039)
compared to the other interactions. The
order of the independent variables to
enhance the CIP loading efficiency onto
ZnAl-LDH was X3 >> X; > X, while the
order of the interaction variables was
XoXz > X1 X3 > X1 Xo.

Table 2. ANOVA result for loading efficiency of CIP or IBU onto ZnAl-LDH

CIP-LDH IBU-LDH
Source of
variation Sum of  Degrees of Fvalue  p-value Sum of  Degrees of Fvalue p-value
squares  freedom squares  freedom
Model 165.32 9 856.51 < 0.0001 168.22 9 147.87 < 0.0001
X, 2.76 1 128.52 < 0.0001 25.25 1 199.76 < 0.0001
X, 1.94 1 90.27 < 0.0001 7.23 1 57.16  0.0001
X3 149.61 1 6976.17 < 0.0001 31.08 1 245.90 <0.0001
X? 2.95 1 137.71 < 0.0001 36.49 1 288.70 < 0.0001
X2 3.27 1 152.52 < 0.0001 2.87 1 22.73 0.002
X2 1.15 1 53.61 0.0002 2.17 1 17.19  0.0043
XX, 0.1225 1 5.71 0.0482 1.53 1 12.11  0.0103
X1 X5 0.2415 1 11.26 0.0122 3.73 1 29.48 0.001
X, X5 0.3828 1 17.85 0.0039 1.36 1 10.77  0.0135
Residual 0.1501 7 - - 0.8848 7 - -
Lack of Fit 0.1339 5 3.29 0.2493 0.6974 5 1.49 0.4484
Pure Error 0.0163 2 - - 0.1874 2 - -
Total Corrected  165.47 16 - - 169.10 16 - -

%C.V = 0.41; Predicted R* = 0.9933

R? = 0.9991; Adjusted R?=0.9979

Adequate Precision = 92.06

%C.V = 1.55; Predicted R* = 0.9662
R? = 0.9948; Adjusted R? = 0.9880
Adequate Precision = 36.61
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Figure 1. Response surface plots of CIP (a-c) and
IBU (d-f) loading onto ZnAl-LDH at optimum
condition

In the case of IBU, the ANOVA results
also showed that the proposed model was
a good fit (C.V = 155 %) and could
accurately predict the IBU loading
efficiency onto ZnAl-LDH (R? = 0.9948
and adjusted R* = 0.9880). Adequate
precision of 36.61 showed that the model
could navigate the design area. In
addition, the model was highly significant
(F = 168.22 and p < 0.0001). The order of
main effects that influenced with the IBU
loading efficiency onto ZnAl-LDH was
IBU mass (X3: F = 245.90, p < 0.0001) >
temperature (X;: F = 199.76, p < 0.0001)
> reaction time (X;: F = 57.16, p =
0.0001). The order of the interaction
variables was X; X3 (F = 29.48, p = 0.001)
> X1 X, (F=12.11, p =0.0103) > X,X3 (F
=10.77, p = 0.0135).

3.2. Validation Experiments of drug
loading efficiency

7" Time (h)
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The CIP-LDH and IBU-LDH samples
were prepared based on the optimal
conditions including temperature of 70
°C, reaction time of 18 h, and drug mass
of 1.0 g for CIP or 0.5 g for IBU to
validate the accuracy and reliability of the
model. For CIP-LDH, the predicted
loading efficiency from the model and the
actual loading efficiency were 41.63%
and 41.89 + 1.18 % (n = 3), respectively,
with % RE of — 0.62. In the case of IBU-
LDH, the predicted and actual loading
efficiency were 27.42 % and 27.51 + 0.68
%, respectively, with % RE of — 0.33. The
close agreement between predicted and
actual results, with % RE within the
acceptable range (< 5 %), emphasized the
importance of predictive software in the
drug loading process.

3.3. Chemical composition and
characterization of optimized CIP-
LDH and IBU-LDH

Table 3 presented the results of elemental
composition analysis (C, H, O, N, Zn, Al,
F) of the ZnAl-LDH, CIP-LDH (41.89 %

CIP) and IBU-LDH (2751 % IBU)
samples using CHNSO elemental
analyzer, ICP-OES and ion

chromatography. Based on the elemental
results and the charge balance principle,
the predicted empirical formulas were as
follows:

e ZnAl-LDH:
Zn151Alp52(OH)4(NO3)0.58.1.31H,0

o CIP-LDH:
Zn 45Alp5(OH)4(C17H18FN303)0.38

¢ |IBU-LDH:
Zn1 44Alg 49(OH)4 (C13H1802)0.35. 0.8H20

The calculated results from the predicted
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empirical formulas were close to the
actual analysis results, indicating that the
predicted empirical  formula  was
appropriate.

Table 3. Results of elemental composition of the

samples (values presented as actual/predicted
from the formula)

Element ZnAl-LDH CIP-LDH  IBU-LDH
Zn (%) 40.79/40.79 31.67/31.67 35.58/35.58
Al (%) 5.74/574  4.48/448  5.04/5.04
O (%) 46.57/46.57 26.58/27.51 33.40/33.40
Corganic 25.79/25.79 20.83/20.83
(%)

N (%) 3.37/337 531/531

H(%) 3.32/273 3.81/362  5.09/4.53
F (%) 2.40/2.40

As seen in Figure 2a, the XRD pattern of
ZnAl-LDH showed sharp and symmetric
diffraction peaks, which could be
attributed to (003), (006), (012), (009),
(015), (018), and (113), corresponding to
hydrotalcite-like materials (JCPDS No.
48-1022 and 38-0486) [5-7]. In addition,
some diffraction peaks of ZnAl-LDH also
matched the crystal planes (100), (300),
and (119) of hexagonal Zn(OH), (JCPDS
No. 48-1066) [8]. The peaks of CIP-LDH
and IBU-LDH were similar to those of
ZnAl-LDH, however, the loading of CIP
and IBU onto ZnAl-LDH broadened the
doos basal spacing from 0.76 nm of ZnAl-
LDH to 1.61 nm for CIP-LDH and 1.45
nm for IBU-LDH. CIP broadened the doos
basal spacing of ZnAl-LDH more than
IBU because the three-dimensional size of
the CIP molecule (1.250 x 0.782 x 0.396
nm) [9] was larger than that of IBU
(0.954 x 0.479 x 0.407 nm) [10].

The absorption bands at 3420, 1629
and 1377 cm™ in the FTIR spectrum of
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ZnAl-LDH were characteristic of the
stretching vibration of the OH™ group, the
bending vibration of water [5] and the
NOsz  groups (Figure 2b). The loss of
proton of the COOH group and the
stretching of the C=0O bond led to the
disappearance of the band at 1706 cm™
and the shift of the band from 1270 cm™
to 1260 cm™ of CIP-LDH compared to
CIP. In addition, the FTIR spectrum of
CIP-LDH also showed a new absorption
band at 1567 cm™. The change of these
bands indicated the presence and
interaction between CIP and ZnAl-LDH.
Similarly, a significant decrease in the
intensity of the band at 1711 cm™, a shift
of the band from 1416 cm™* to 1421 cm™
and the appearance of a new band at 1634
cm ™ also occurred for IBU-LDH. The
bands at 1567, 1385 cm™ of CIP-LDH
and 1634, 1421 cm™ of IBU-LDH were
the asymmetric (v,sCOQ") and symmetric
(vsCOOQO") stretching vibrations of the
carboxylate group. The energy splitting
Av (Av = v4COO™ - v¢COQ)) indicated
the type of metal-ligand interaction [11].
The Av of CIP-LDH and IBU-LDH were
182 cm™ and 213 cm™, respectively,
which meant that the bonding between
CIP and ZnAl-LDH was in the bidentate
bridging type and the bonding between
IBU and ZnAl-LDH was in the
monodentate type [11].

The typical morphology of ZnAl-LDH
was agglomerated non-uniform sheets
(Figure 2c). The loading of CIP and 1BU
significantly affected the structural
properties of ZnAl-LDH. The drug anion
clusters and the ZnAl-LDH host form flat
and individually stacked sheets. By
bridging bidentate and monodentate
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interactions, CIP and IBU were ZnAl-LDH, CIP-LDH and IBU-LDH
successfully loaded into ZnAl-LDH [12]. were 110.2, 2169 and 235.8 nm,

DLS results showed that the Z-average of respectively.
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Figure 2. (a) XRD pattern, (b) FTIR spectra, (c) DLS and FESEM image (inset) of materials, (d) Inhibition
zone for ZnAl-LDH (150 pg/mL) and CIP-LDH (100 pg/mL) and (e)Effects of samples on RAW264.7 cells

viability and NO production inhibition (mean + SD, n=3). Significant differences in cell viability (*) and NO
production inhibition (**) compared to the control (—) (LSD test, p<0.05)

3.4. Antibacterial efficacy and (41'89.% CIP) and 1BU-LDH (27'51_%

Cytotoxicit IBU) in phosphate buffer-PBS solution
y

(pH 5.8 and 7.4) lasted for 12 hrs. The

release mechanism of CIP from CIP-LDH

was drug diffusion and carrier erosion

According to our previous publication
[13], the drug release from CIP-LDH
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while the release mechanism of IBU from
IBU-LDH was drug diffusion. The
sustained drug release process could
enhance the antibacterial and anti-
inflammatory effects. For the antibacterial
efficacy assay, E. coli and B. subtilis were
treated with CIP, ZnAl-LDH and CIP-
LDH at different concentrations after
being placed in 96-well plates and
incubated at 37°C for 24 hrs. The
minimum inhibitory concentration (MIC)
value of CIP against E. coli and B. subtilis
was found to be 200 pg/mL, while the
MIC of ZnAl-LDH and CIP-LDH against
these bacterial strains was 150 and 100
pug/mL, respectively. The antibacterial
property of ZnAl-LDH could be
considered as an additional advantage for
use as a drug carrier. Previous studies also
showed that ZnAl-LDH exhibited good
antibacterial activity, with very few
bacterial colonies found in the presence of
ZnAl-LDH (Zn:Al = 4:1) [14]. In
addition, the antibacterial activity of
ZnAl-LDH was enhanced by increasing
the molar ratio of Zn-Al [15]. Another
recent study also reported the superior
antibacterial  efficacy of Zn-based
materials [16]. As shown in Figure 2d, the
inhibition zone of 150 pug/mL ZnAl-LDH
reached 18.3 mm for E. coli and 17.6 mm
for B. subtilis, while 100 pg/mL CIP-
LDH exhibited larger inhibition zones
against these pathogens. The inhibition
zone of 100 pg/mL CIP-LDH reached 23
mm for E. coli and 21 mm for B. subtilis.
The antibacterial effect of CIP-LDH
might be due to the synergistic effect
between CIP and ZnAl-LDH.

Regarding cytotoxic effects, RAW264.7
cells were cultured with ZnAl-LDH, CIP-
LDH and IBU-LDH at different
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concentrations (10-100 pg/mL) for 48
hrs. The results from MTT assay
indicated that the effect of these samples
on the viability of RAW264.7 cells was
concentration dependence. Significant
reduction in cell viability compared to the
negative control group was found at
higher concentrations of the samples (30—
100 pg/mL) while lower concentrations
(10 pg/mL) had no effect (Figure 2e).
More than 80% RAW 264.7 macrophage
viability was found in the group treated
with ZnAl-LDH and CIP-LDH (10-100
pug/mL), which indicated that ZnAl-LDH
and CIP-LDH were less toxic. The low
cytotoxicity of ZnAl-LDH was considered
an advantage to serve as a carrier and
delivery for drugs. In contrast, more than
67% viability RAW 264.7 macrophages
were found in the groups treated with
IBU-LDH at 100 pg/mL, respectively.
Thus, to avoid cytotoxic effects and allow
at least 80% cell survival, the appropriate
concentration of IBU-LDH wused to
determine the anti-inflammatory effect
should be below 100 pg/mL.

The anti-inflammatory activity of ZnAl-
LDH, CIP-LDH and IBU-LDH was
demonstrated by the inhibition of NO
production in LPS-stimulated RAW 264.7
cells. The results in Figure 1 showed that
ZnAl-LDH, CIP-LDH and IBU-LDH at
various  concentrations  significantly
inhibited NO production compared with
the control groups. As shown in Figure
2e, the positive control group (stimulated
with 0.1 mg/mL LPS) had a 0 %
inhibition of NO production and the
negative  control  group  (without
stimulation with 0.1 mg/mL LPS) had a
100% inhibition of NO production. The
inhibition of NO production by ZnAl-
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LDH, CIP-LDH and IBU-LDH was in a
dose-dependent manner. The inhibition of
NO production increased with increasing
concentrations of the samples. At 100
pug/mL, IBU-LDH showed the greatest
inhibitory effect on NO production of 51
%, followed by ZnAl-LDH and CIP-LDH
of 46% and 30 %, respectively. The
concentrations of ZnAl-LDH and CIP-
LDH required to inhibit 50 % of NO
formation (ICsp) were greater than 100
pg/mL while the 1Cso of IBU-LDH was
about 98 pg/mL.

4. CONCLUSION

The three-level-three-factor CCD-RSM
was used to optimize the drugs loading
efficiency on ZnAl-LDH. The
prerequisites included temperature (X;:70
°C), reaction time (X2:18 h) and CIP mass
(X3: 1.0 g)/IBU mass (X3: 0.5 g) to
achieve the optimal formulation (CIP-
LDH contains 41.89 % CIP and IBU-
LDH contains 27.51 % IBU). The
successful loading of CIP and IBU onto
ZnAl-LDH widened the dgos basal spacing
from 0.76 nm of ZnAl-LDH to 1.61 nm
for CIP-LDH and 1.45 nm for IBU-LDH.
Regarding the antibacterial potential, the
MIC value of CIP-LDH against E. coli
and B. subtilis was 100 pg/mL and the
inhibition zone reached 23 mm for E. coli
and 21 mm for B. subtilis. Regarding the
cytotoxicity, IBU-LDH exhibited
cytotoxicity only at high concentrations
(100 pg/mL). Using CIP-LDH (10-100
pug/mL) and IBU-LDH (10-30 pg/mL)
could ensure the survival rate of RAW
264.7 cells above 80 %. The ICs, value of
ZnAl-LDH and CIP-LDH is greater than
100 pg/mL while the ICs of IBU-LDH
was 98 pug/mL.
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