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Abstract

Titanium dioxide can adhere with human epithelial cells and have good tolerability. Present work has been undertaken to
explore the influence of TiO, on mucosal permeation of aceclofenac. Mucosal permeation of aeclofenac solution contain-
ing TiO, has been carried out. In fourier transform infrared spectrosopy (FTIR), the intensity of the peaks has decreased
along with the increase of TiO, content in the formulation indicating a possible binding between drug and TiO,. Melting
enthalpy has been decreased with the increased content of TiO, in the solid. The status of crystal strain and dislocation
density of TiO, and aceclofenac in the solid state formulation has also been evaluated from Xray Diffraction data using
Debye-Scherrer’s equation. Mucosal permeation of aceclofenac has shown sustained effect for more than 20 h in pres-
ence of titanium dioxide. Titanium dioxide could be used in designing formulation for sustaining mucosal aceclofenac

delivery after performing risk assessment study.
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1. Introduction

Titanium Dioxide (TiO,) is a biocompatible and sta-
ble material,! and has a wide range of application in vari-
ous kinds of cosmetics. TiO, is accepted as food additive
and also approved by Food and Drug Administration to be
used in toothpaste, oral formulations etc.? Chen et al, 2011
described that TiO, is responsible for increasing intracel-
lular Ca?* concentration leading to elevated secretion of
mucin.? TiO, coating is very much useful to adhere on ep-
ithelial tissues.* Masa and his colleagues, 2018 reported
that TiO, has a property to attach with human epithelial
cells along with a good tolerability.” TiO, nanoparticles in-
teract instantly with the buccal mucosa upon contact and
show a long residence time in the oral cavity.®

Aceclofenac is a widely used Biopharmaceutics Clas-
sification System (BCS) class II non-steroidal anti-inflam-
matory drug (NSAID).”? It suffers from shorter elimina-
tion half-life and low oral bioavailability because of low
aqueous solubility.!-!? The toxic effects of this NSAID in-
clude gastric abnormalities like abdominal pain, gastric

bleeding, dyspepsia etc. It is known that if the first pass
metabolism is bypassed avoiding oral administration, im-
proved bioavailability could be observed.!® Aceclofenac
eye drop has shown a marked reduction in ocular inflam-
mation in post-operative cases of cataract operation.!*
Topical administration has been done frequently (2 hour-
ly) for improved permeation through ocular mucosa. In
vitro prolonged release has been studied for transmucosal
delivery of aceclofenac using mucoadhesive dillenia fruit
gum.'® Katara et al., prepared a nano particle formulation
of aceclofenac and claimed that the drug efficacy in local
action can be improved if residence time of the formula-
tion is amplified.!®

In this present study the influence of TiO, has been
explored on the mucosal permeation of aceclofenac in lig-
uid formulation after topical administration. Any sort of
sustained permeation of drug due to long residence time
of TiO, upon interacting with the mucosal tissue has been
examined. Solid state crystal strain and dislocation density
have also been analysed.
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2. Experimental
2. 1. Materials

Aceclofenac was received from Mannequin Pharma-
ceuticals Pvt. Ltd., (Bhubaneswar, India) as a gift sample.
Titanium Dioxide was procured from Merck Specialities
Pvt. Ltd, (Mumbai India).

2. 2. Preparation of Aceclofenac TiO,
Kneaded Mixture

Aceclofenac was dissolved in a minimal amount of
acetone and a kneaded mixture was prepared with titani-
um dioxide at different ratios (Table 1). 17'® The mass was
dried at 50 °C until constant weight and preserved in a
desiccator.

2. 3. FTIR Study

KBR pellet method was used to carry out the FTIR
study of pure drug and formulated powders.!” A mean of
80 times was taken to obtain the average FTIR spectrum
from 400 to 4000 cm™! (Model: JASCO FTIR 4100 type A).

2. 4. DSC Study

Differential scanning calorimetry (DSC) cell was
calibrated with Indium (melting point: 156.5 C, AHg,, =
28.54 J/g).?0 The thermogram was recorded under nitro-
gen atmosphere (50 ml/min) while taking a sample
weighing between 4-6 mg in an aluminium crucible. The
rate of heating was 10 °C/min and the upper limit was set
as 200 °C. 2122

2. 5. XRD Study

X-ray diffraction pattern of pure aceclofenac and
kneaded mixtures were subjected for XRD study. The scan
was carried out at a speed of 1°/ min from 5-70° in Rigaku
Ultima I'V. CU was used as a source for Xray.

2. 6. In vitro Drug Release Study

In vitro drug diffusion study was done in both side
open glass tube using dialysis membrane (HIMEDIA Dial-
ysis Membrane-150) (surface area of diffusion = 1.54 cm?).
Acurately weighed amount of the powder samples were
taken inside the diffusion tube with 2 ml of fresh liquid
medium. The dialysis tube was placed in vessel containing
200 ml phosphate buffer (pH 7.4 at 34 £ 0.5 °C) under a
paddle speed of 50 rpm.?>2* Aliquot of 10 ml was drawn at
particular time intervals and replaced with same volume
of fresh medium. The absorbance was checked in a
UV-Visible spectrophotometer (JASCO V-630 UV-Visible
spectrophotometer) at 274 nm.

2. 7. Ex vivo Permeation Study

The similar diffusion system was used to study
drug permeation through the corneal mucosa. Whole
fresh eye ball of goat was brought from the local butcher
shop. The cornea was carefully separated out along with
2 to 4 mm of surrounding sclera tissue and washed
thoroughly. The cornea was tied tightly with thread
along the circumference of vertical cylindrical diffusion
tube to prevent any kind of leakage. Powder samples
were taken inside the tube with 2 ml of fresh liquid me-
dium and the tube was placed in vessel containing 200
ml phosphate buffer (pH 7.4 at 34 + 0.5 °C) under a
paddle speed of 50 rpm. The tubes were attached with
paddle using adhesive tapes and paddles were put down
as the as the cornea just touches the dissolution medi-
um. Samples (10 ml) were withdrawn at 0.5, 1, 2, 3, 4, 5,
6,7, 11, 20 h and replenished with 10 ml of fresh medi-
um. The samples were filtered through 0.45 pm syringe
driven filter and analysed by UV-Visible spectropho-
tometer. The studies of all formulations were performed
in triplicate.?

3. Results and Discussion
3. 1. FTIR

As depicted in Figure 1, an intense peak was ob-
served at 3317 cm™! may be due to the amine group.?®
Peaks at 1715 and 1771 cm™! may be formed due to stretch-
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Figure 1. FTIR spectra of pure aceclofenac, TiO, and solid formu-

lations.
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ing of two carbonyl (C=0) groups in the drug struc-
ture.?”28 The peak at 2969 cm™! may be because of sym-
metric stretching of CH2 in both pure drug and
formulations.?® In the formulations, the intensity of the
peaks has decreased along with the increase of TiO, indi-
cating a possible binding between drug and TiO,. The de-
crease of the peak intensity at 3317 with the increase of
TiO, may be considered as the possible binding site with
the oxygen present in titanium dioxide with the amine
group of aceclofenac.

3.2.DSC

The pure drug has shown a sharp melting point at
152.97 °C (Figure 2). The formulations have showed a +
2 °C shifting of melting point along with lower peak in-
tensity comparing to the pure drug. The pure drug has
the highest enthalpy of melting (-155.76 jg™!), where the
enthalpy has reduced along with the decreased content of
aceclofenac and increased content of TiO2 (Table 1).
Probably the bond formation between TiO2 and ace-
clofenac is the cause of the decreased enthalpy of the for-
mulations.

Table 1. Thermal behaviour of TiO, kneaded aceclofenac formula-
tion

3. 3. XRD Study

X ray diffraction data is portrayed in Figure 3. The
TiO, as well as the formulations has shown a particular
kind of diffraction pattern at 38.5° and 55° 20. The diffrac-
tion position and pattern proved that the TiO, anatase
crystals has not changed in the formulations.*® The most
intense peaks then subjected to further calculation and an
average value was taken as a representation for the whole
formulation. The particle size was determined from the
Debye-Scherrer’s equation.’!

KA
D = oo (1)

Where, D is the crystal size (nm), K is a constant
with a value of 0.9, A is the wavelength of the Xray (0.1541
nm) and f is the value of FWHM (full width at half max-
ima) in radian. The X-ray diffraction pattern of TiO2 is
evident to be at anatase phase®*3! and the typical anatase
TiO2 crystals have the octahedral structure.?? Typically
the K value can be considered as 0.9 and Anku et al,
(2016) also estimated particle size of TiO2 anatase using
Scherrer’s Formula considering the shape factor K’ as
0.9.3

Other characteristic properties of the formulations
like, strain and dislocation density are tabulated in Table
2. Dislocation density can be described as the length of

F lati Onset of Endset of  Melti . . . .
orzl;;elon Mllsliin(:g I\I/}elstein‘g) Peoi::g Enthalpy dislocation lines per unit volume of the crystals where
(Drug:TiO2) Q) C) Q) (g™ dislocation is a linear defect found in crystals3‘.‘. The un-
treated and treated pure TiO, has shown dislocation
Aceclofenac 152.01 156.77 15297 -155.76 density of 0.80 and 0.71 respectively whereas the formu-
AITL(1:1) 149.50 156.44 153.73 -62.11 lation with highest content of aceclofenac has shown al-
A1T2(1:2) 147.15 155.02 151.57 -32.23 . . . . . .
most 1.4 times higher dislocation lines per unit area. The
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Figure 2. DSC Thermogram of aceclofenac and the formulations.
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Table 2. Solid state particle properties of aceclofenac-titanium dioxide kneaded products

Formulation TiO, Aceclofenac
Code Particle Strain Dislocation Particle Size Strain Dislocation
Size (nm) Density*103 (nm) Density *107
Aceclofenac - - - 98.08 + 16.5 0.114 £ 0.014 0.44 £0.10
T1 (untreated TiO,) 70.89 + 3.64 0.073 £ 0.016 0.80 +0.088 - - -
tTrift‘: ff;‘;’(')ez) 7487+1.60  0068+0012  0.71+0.030 - - -
AIT1 68.65£0.84  0075+0013  0.84%0.021 73.47 £ 19.46 0.157 £ 0.037 0.90 £ 0.50
AIT2 64.44 +1.34 0.079+0.015  0.96+0.040 59.67 + 11.56 0.132 +0.054 1.22 £ 0.40
A2T1 6588+3.15  0.077+0010  0.92+0.092 71.09 £ 14.81 0.158 % 0.054 0.98 + 0.40
A3T1 63.01£125  0.081+0013  1.000.041 70.88 £ 14.58 0.149 £ 0.036 0.87 +0.30
shown the highest strain. The above mentioned changes
l T2 may have occurred due to the binding of aceclofenac
e W with titanium dioxide.'® A similar phenomenon was no-
WSS S "l ticeable in the case of aceclofenac where the dislocation
——— D TN R 1 density of A1T2 was higher than any other formulations
| A2T1 or the pure drug itself. Particle size was found to be low-
e —— est in the case of the A1T2 formulation than the pure
Sepacmazl A1T2
- - drug (98.08 nm).
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Figure 3. Powder Xray diffraction overlay of pure drug, formulation,
untreated and treated titanium dioxide (T1 and T2 respectively).
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3. 4. In vitro Diffusion Study

The observation was replicated in triplicate and the
mean value is used to prepare the time vs cumulative per-
cent release in Figure 4. The highest release was found in
the case of A2T1 (89.88%) at 2 hours followed by A1T1
(89.13%). The formulation containing highest amount of
TiO2 (A1T2) has shown lowest amount of drug release
82.55% in contrast to others at 120 mins.

90 A
80 A
70 -

o

[}

[}

o

L 60 1

[

o

2

& 504

e
40 4
30 -
20 4
10 -
0

0

—a— A1T1

—B8— A2T1 —o— A3T1

20

Figure 4. In vitro drug diffusion profile of the formulation
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Figure 5. Ex vivo permeation study of the formulations through goat corneal mucosa

3. 5. Ex vivo Permeation Study

The data was presented as a plot of time vs percent-
age permeated in Figure 5. The highest release was found
in the case of A3T1 (45.29 %) at 20 hours followed by
AIT1 (42.40 %). In all of the formulations the permeation
was continued up to 20 hours while maintaining an in-
creasing order. Aceclofenac 0.1 % solution exhibited goat
corneal permeation of almost 50-90 % within 2 h only in
the pH range of 7-7.4.14

4. Conclusion

Influence of titanium dioxide on mucosal perme-
ation of aceclofenac has been carried out in aqueous state.
FTIR results revealed the decreased intensity of some
characteristic peaks of aceclofenac in the formulation with
the decreased content of aceclofenac and increased con-
tent of TiO, indicating possible binding between drug and
TiO,. Thermal analysis has also exhibited decreased melt-
ing enthalpy with the decrease of aceclofenac and increase
of TiO, content in the solid. The change in crystal strain
and dislocation density of TiO, and aceclofenac in the sol-
id formulation has been noticed. Sustained mucosal per-
meation of aceclofenac has been observed for more than
20 h in presence of titanium dioxide. Titanium dioxide
could be used in designing formulation for sustaining and

controlling mucosal delivery of aceclofenac after assessing
risk factor associated with TiO,.
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Titanov dioksid se lahko adherira na ¢loveske epitelijske celice in se dobro prenasa. Opisano delo je proucevalo vpliv
TiO, na prepustnost sluznice za aceklofenak. Izvedena je bila $tudija prepustnosti sluznice za raztopino aceklofenaka, ki
je vsebovala TiO,. Pri infrardeci spektroskopiji s Fourierjevo transformacijo (FTIR) se je intenzivnost vrhov zmanjsala
hkrati s povecanjem vsebnosti TiO, v formulaciji, kar kaze na morebitno vezavo med u¢inkovino in TiO,. Entalpija
taljenja se je zmanj$ala s pove¢anjem vsebnosti TiO, v trdni snovi. Stanje kristalne oblike in dislokacijska gostota TiO,
in aceklofenaka v trdni formulaciji sta bila ocenjena iz podatkov rentgenske difrakcije z uporabo Debye-Scherrerjeve
enacbe. Prepustnost sluznice za aceklofenak je v prisotnosti titanovega dioksida pokazala podalj$ano delovanje za ve¢ kot
20 ur. Titanov dioksid bi se po izvedbi $tudije ocene tveganja lahko uporabil pri oblikovanju formulacije za zadrZevanje

acekolofenaka na sluznici.
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