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ABSTRACT

Periodontal disease is chronic, highly prevalent infectious disease that requires prolonged and con-
trolled delivery of antimicrobial agents into pockets. To achieve this objective, dual antimicrobials
encapsulated chitosan fortified calcium alginate (CS-Ca-SA) microspheres were formulated by applica-
tion of Plackett-Burman factorial design. The microspheres were optimized for particle size (PS), entrap-
ment efficiency (EE) and drug release. The optimized microspheres presented average PS of 74-461 um
and EE of 62.45-86.20% with controlled drug delivery for 120 hours. FTIR disclosed successful complex-
ation between SA and CS. DSC and XRD studies showed changes in the crystallinity of drugs in micro-
spheres. Shape factor and SEM demonstrated spherical to pear-shaped microspheres. Release exponent
>0.43 and high diffusion coefficients revealed non-Fickian-based diffusion-limited drug release. CS-Ca-
SA microspheres exhibited surface pH of 6.5+0.5, moderate swelling, less erosion and improved
mucoadhesion over Ca-SA microspheres. Also, significant antimicrobial activity against Escherichia coli
and Staphylococcus aureus and cytocompatibility with L929 cell lines were observed. Further, micro-
spheres exhibited long-term stability on refrigeration. The outcomes of study supported the potential
of dual polymer and dual drug-based biodegradable, stable, non-toxic, mucoadhesive, controlled and
prolonged drug release microspheres as more patient compliant by administration into periodontal
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pockets for the management of periodontal disease.
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Introduction

Periodontal disease (PD) is highly prevalent disease with
96.30% sufferers in India [1]. PD is a group of inflammatory,
microbial-induced infection involving damages to supporting
tissues of teeth and gingiva leading to formation of pocket
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between the tooth and gums [2,3]. Treatment of PD is chal-
lenging to dentists due to shortcomings of systemic adminis-
tration of antimicrobials [4].

Thus, development of localized intrapocket controlled
drug delivery strategy has gained attention of dentists as it
offers higher drug concentration at the targeted sites
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at low dose, minimizes the unwanted systemic side
effects, prevents antibiotic resistance and increases patient
compliance [5]. Controlled release systems like films and
fibres currently marketed are costlier due to use of syn-
thetic polymers and do not reach deep pockets due to
folding [4].

On the contrary, natural polymer-based controlled release
biodegradable microspheres have emerged as better alterna-
tives to existing intrapocket delivery systems due to their
simplicity, safety, cost-effectiveness and accessibility to
deeper pockets because of small size [6,7].

Sodium alginates (SA) are natural, non-toxic and anionic
polymers with biodegradable, biocompatible and mucoadhe-
sive characteristics which favours its utility in pharmaceuticals
and biomedical applications [8]. It is obtained from marine
brown algae, formed of alternating units of 1-4 linked o-L-
guluronic (G) and B-p-mannuronic (M) acid residues [9].
The success of SA in drug delivery is established on its com-
petence of interactions with cationic divalent ions such as
calcium (Ca).

Ca has strong affinity for carboxylic acid moieties of G and
M blocks of SA. These cationic-anionic interactions form
“egg-box-like structure” whereby carboxylate units of SA mol-
ecules (box) are coordinated by divalent cations (eggs) [9,10].
Ca-SA networks had shown entrapment of large range of
products like lipid droplets or lipophilic drugs [9], thyme oil
[11], eucalyptus oil [12] and insulin [13]. However, use of SA-
based drug delivery systems had several limitations such as
formation of highly porous, weak microspheres, with low
mucoadhesion property and high burst release of entrapped
drugs [9,11,13].

The combination of chitosan (CS) and SA in a drug deliv-
ery offers superior features over the use of SA alone [14-18].
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CS is a natural, non-toxic, biodegradable, biocompatible and
mucoadhesive linear, polysaccharide polymer used in drug
delivery applications since decades [19,20]. Previous investiga-
tions reported use of CS as surface coating or matrix material
to strengthen the weak gel particles of SA [13,15,21]. In add-
ition, CS fortifies SA particles by endowing positive charge on
the surface and increasing its mucoadhesion [21], minimizing
burst effect [15,22] and enhancing entrapment efficiency of
drugs [23].

Reportedly, SA with pKa values of 3.4-4.4 gets ionized at
pH >5, responsible for its instability at physiological pH
(6.8 and 7.4) [24]. Nevertheless, non-ionized CS improves the
stability of SA microspheres at pH >5 [25].

Consequently, in the following study, antimicrobial drugs
encapsulated CS-Ca-SA microspheres were formulated for
controlled release therapy. The combination of antibiotics has
been more effective for the treatment of microbial infections
of oral cavity [26]. Ornidazole (OZ) is a nitroimidazole antipro-
tozoal drug that also has potent antibacterial activity against
94% of oral anaerobic bacteria and Bacteroides and
Clostridium species [27]. Doxycycline hyclate (DX) is an FDA-
approved, potent broad-spectrum tetracycline antibiotic
active against oral aerobic microorganisms [28]. Thus, OZ and
DX combination has been proposed to eradicate broad range
of microbes (both aerobic and anaerobic) living in the peri-
odontal cavity.

Fabrication of drug-loaded CS-Ca-SA microspheres involves
consideration of a large number of critical quality attributes
(CQA) as represented by Ishikawa fishbone diagram
(Figure 1(a)). Screening designs like Plackett-Burman factorial
designs (PBFDs) are ideal for identifying the key critical for-
mulation variables (CFVs) affecting dependent response varia-
bles (DRVs), where interactions are not significant [29]. The

Sodium alginate
(SA)

Ornidazole Doxycycline

Chitosan (CS)

Figure 1. (a) Ishikawa fishbone diagram illustrating CFV and DRV involved in fabrication of CS-Ca-SA microspheres and (b) steps involved in formulation CS-Ca-SA

microspheres.
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present study aims to fabricate, optimize and evaluate micro-
spheres of SA and CS loaded with OZ and DX using PBFD for
controlled drug therapy for chronic infections.

Materials and methods

SA (molecular weight 216Da) and CS (medium molecular
weight, degree of deacetylation ~80%) were procured from
Sigma-Aldrich (New Delhi, India). OZ and DX were received as
gift sample from Endoc Lifecare Pvt., Ltd. (Gujarat, India) and
Sunpharma Industries Ltd. (Gurgaon, India), respectively.
Anhydrous CaCOs and liquid paraffin were purchased from
HiMedia Laboratories (Mumbai, India). Tween 80, Span 80 and
glacial acetic acid were obtained from Merck Ltd. (Mumbai,
India). All the solvents and chemicals were of analytical grade.
Millipore Direct-Q water was used in all experiments.

Design of experiments

PBFD was generated using Minitab® 17 software as described
in Table 1. Seven CFVs, viz. SA concentration, CS concentra-
tion, CaCOs3 concentration (CaC), surfactant concentration
(SQ), cross-linking time (CT), agitation speed (AS) and aqueou-
s:0il phase ratio (PR) at low (—) and high (+) levels, were
entered into Minitab® to generate runs (Table 2). Particle size
(PS), average encapsulation efficiency (avEE), average burst
release (avB) within 12h and the average time for attaining
80% cumulative drug release (avTgey,) for both drugs were
selected as desirable responses (Tables 1 and 2).

Table 1. Fabrication variables and dependent variables associated with micro-
sphere formulation.

Low () High (+)
Critical fabrication variables level level
Concentration of sodium alginate (SA) (%w/v) 2 5
Concentration of chitosan (CS) (%w/v) 2 4
Concentration of calcium carbonate (CaC) (%w/v) 25 5
Cross-linking time (CT) (min) 30 60
Agitation speed (AS) (rpm) 500 2000
Surfactant concentration (SC) (%w/v) 0.5 1
Phase ratio (aqueous:oil) (PR) 1:2 1:6

Dependent response variable
Particle size (PS) (um)
Average entrapment efficiency (AVEE) (%)
Average burst release (AvB)(%)
Average time for 80% cumulative drug release (avTggo,)

Table 2. Plackett-Burman factorial design for fabrication of CS-Ca-SA microspheres.

Fabrication of CS-Ca-SA microspheres

CS-Ca-SA microspheres were formulated using formulation
conditions mentioned in Table 1, by two-stage process; w/
o emulsion-internal ionic-gelation technique followed by
polyelectrolyte complexation (Figure 1(b)) [16,30,31]. Briefly,
SA and drugs solution were prepared on bath sonicator
(Thermo Fisher Scientificc, Mumbai, India) and mixed under
agitation. Then, SA-drugs aqueous mixture was added drop-
wise into paraffin oil containing CaCOs; and Tween 80:Span
80 (1:1) under agitation (Remi Instruments, Mumbai, India).
Agitation was carried for one hour to stabilize w/o emul-
sion and solidification of droplets. Then, 10 ml of liquid par-
affin containing glacial acetic acid (1% v/v) was added for
dissolving CaCOs. After 12h of agitation, the formed gelled
microspheres were collected by filtration followed by subse-
quent 5-6 washings with n-hexane, with acetate buffer pH
5.5 and finally with water to remove paraffin oil and excess
of Ca®"/CS, respectively, and then observed in an optical
microscope (Dewinter, optical Inc.,, Delhi, India) for confir-
mations regarding oily phase removal. Thus, Ca-SA micro-
spheres were collected. At the second stage, fortified CS-
Ca-SA  microspheres were formed by immersing Ca-SA
microspheres into CS solution (pH 6.5) for specified time
(CT) under mild agitation of 50rpm. The CS-Ca-SA micro-
spheres were filtered, washed with 1% w/v acetic acid solu-
tion (to remove non-cross-linked CS) followed by water and
oven-dried.

Determination of dependent response variables

Calculation of patrticle size (PS)

PS of microspheres was determined using Dewinter optical
microscope equipped with Dewinter Biowizard 4.1 software.
The average PS was calculated by measuring 100 random
microspheres using Edmondson’s equation.

ps — > nd

>on
where n is the number of microspheres counted and d the
mean size range. Further, shape factor or sphericity factor
(SF) of microspheres was calculated from the maximum diam-
eter (D,,) of particles and the diameter perpendicular to D,

Run SA cs CaC SC a AS PR PS? (um) AVEE® (%) AvB® (%) AvTge® (%)
1 (+) (=) (+) (-) (-) (+) (-) 283 +16.98 83.92 17.01 69.40
2 (+) (+) (=) (=) (-) (-) (+) 377 +22.62 75.06 14.78 73.76
3 (=) (=) (=) (+) (+) (=) (+) 158 £9.48 62.45 26.85 5273
4 (+) (=) (+) (=) (+) (=) (+) 461 +27.66 83.92 14.32 68.66
5 (=) (=) (+) (+) (-) (+) (+) 74+4.44 69.39 29.97 58.38
6 (-) (=) (=) (-) (-) (=) (-) 195+ 11.70 66.76 25.01 55.78
7 (=) (+) (=) (=) (+) (+) (=) 108 +6.48 65.55 28.20 56.62
8 (+) (+) (=) (+) (=) (+) (+) 252+15.12 68.60 20.11 72.89
9 (=) (+) (+) (-) (+) (+) (+) 134 +£8.04 67.14 34.63 63.76
10 (+) (+) (+) (+) (+) (=) (=) 349 +20.94 86.20 12.21 76.78
1 (-) (+) (+) (+) (-) () (-) 172+10.32 68.92 26.76 59.87
12 (+) (—) (=) (+) (+) (+) (-) 236+ 14.16 77.61 21.74 67.78

The values are mean+SD (n=3).
BThe values are average value obtained for both drugs.



(Dp) as follows [32,33]:
Dm — Dp

SF—_m P
Drm — Dp

x 100

More detailed morphology of microspheres was observed
using scanning electron microscope (SEM) (FEI Quanta 200 F,
Tokyo, Japan).

Calculation of entrapment efficiency (EE)

Fifty microgram of microspheres was soaked in 10 ml of phos-
phate-buffered solution pH 6.8 (PBS) and bath sonicated for
30 min, and then centrifuged (Eltek RC 4100F, Mumbai, India)
at 6000 rpm and filtered. Free drug was calculated from fil-
trate using simultaneous UV method (Shimadzu UV 1800,
Tokyo, Japan) [6]. The entrapment efficiency of drugs was
determined using the following equation:

Total amount of drug added — free drug

EE (%) =
(%) Total amount of drug added

x 100

Average entrapment efficiency (avEE) was calculated from
individual EE of OZ and DX.

In-vitro drug release studies

For in-vitro drug release, about 100 mg of microspheres was
suspended in PBS containing dialysis membranes (HiMedia
Laboratories, Mumbai, India), placed in 500 ml of PBS in USP
paddle apparatus (Campbell Electronics, Mumbai, India) main-
tained at 50rpm and 37+0.5°C [34]. At predefined time
intervals, 5 ml of samples was withdrawn from the dissolution
medium and equivalent volume of fresh dissolution medium
was added to maintain sink condition. Further, avTgy, was
calculated after calculating total drug released.

Characterization of optimized CS-Ca-SA microspheres

Solid state characterization

Fourier transform infrared (FTIR) spectroscopic studies of
drugs, polymers and microspheres were done on Shimadzu,
Model 8400 (Tokyo, Japan), by pressed pellet technique.
Differential scanning calorimetry (DSC) thermograms of sam-
ples were plotted using Mettler DSC 25 (Maharashtra, India),
at a heating rate of 10° C/min. X-ray diffraction (XRD) pat-
terns of samples were obtained on portable X-ray diffractom-
eter (Rigaku, Tokyo, Japan) using Ni-filtered Cu-Ka radiation
operated at a voltage of 40kV and 20 mA.

Assessment of drug release kinetics

The kinetic release models, zero-order, first-order, Higuchi,

Hixson—-Crowell and Korsmeyer-Peppas, were fitted to the

release data to examine the release mechanism.
Korsmeyer-Peppas model is as follows:

My
In —=nint+Ink
M +

o0
where M/M is the fraction of drug released at time t, k
is release constant, and n is release exponent, which is indica-
tive of the drug release mechanism [18].
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Furthermore, the diffusion constant (D) was determined as

follows:
M, /16Dt
My V 7

1
D =-mmnr
4
where m is the slope of the curve (M{/My, vs. t72) and r
is the average diameter of microspheres [19].

Swelling capabilities and erosion studies

The swelling capabilities (S) of microspheres were estimated
by soaking about 50 mg of microspheres into 5ml of simu-
lated saliva (pH 6.8) contained in glass vials kept in a beaker
containing water maintained at 37°C. The swollen micro-
spheres were weighed after blotting with filter paper to
remove surface water [35].

S (%)

__ Final weight — initial weight

100
Initial weight x

For erosion studies, blotted microspheres were dried at
40°C until constant weight. After drying, the remaining dry
weight was determined [24,36]. The erosion was estimated
regarding % remaining weight as follows:

% remaining weight
_ (1

Surface pH measurement

About 2 mg of microspheres was allowed to swell in 1ml of
PBS placed in glass test tubes for 5min [36]. The surface pH
was recorded using glass microelectrode of Deluxe pH meter
(PERFIT, Ambala, India) on the surface of microspheres.

Initial weight-remaining dry weight 100
Initial weight

In-vitro mucoadhesion studies

In brief, specified quantity of microspheres was spread on
cleaned and cut (1 x1cm?) bovine cheek membrane
(obtained from local slaughter houses) fixed on a glass plate
with cyanoacrylate, and kept for 10 min for proper hydration
and adhesion [34]. Afterward, the glass plate was inclined at
an angle of 45° and membrane was washed with PBS. The
washings were collected and oven-dried (40°C) to determine
non-adhered microspheres. In-vitro mucoadhesion (%M) was
calculated in terms of weight percentage of microspheres
that remain adhered to the mucosal surface as follows:

_ Microspheres taken — non — adhered microspheres

% M
° Microspheres taken

x 100

Antimicrobial activity

For estimating antimicrobial activity, drug release samples
were assessed for zone of inhibition by disc diffusion method.
Drug release samples collected at 12, 24, 48 and 72 h were
tested for antimicrobial activity for Staphylococcus aureus
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(MTCC96) and Escherichia coli (MTCC723) using molten
Muller-Hinton agar media (HiMedia Laboratories, Mumbai,
India). About 10 pl of release samples were poured on sterile
disc (6 x 6mm) placed on the surface of media and incu-
bated for 24h at 37+0.5°C. The diameter (mm) of zone of
growth inhibition was calculated by subtracting disc diameter
from the total zone of inhibition.

Cytocompatibility evaluation

Mouse skin fibroblasts cell lines (L929) were cultured in
Dulbecco’s modified Eagle’'s medium (DMEM), 10% foetal
bovine serum and 100 pg/mL streptomycin and 1001U/mL
penicillin as antibiotics. The cells were preserved at 37°C in a
humidified atmosphere with 5% CO, and were subcultured
twice a week.

The extracts were prepared by incubating microspheres at
concentrations of 0.01g/ml (A), 0.05g/ml (B) and 0.1g/ml (C)
in DMEM culture for 24h at 37°C. 100 ul of filtered, sterile
extracts was incubated with L929 cells for 120h (n=6) in 96-
well microplates. Control wells were treated with 100 puL
DMEM.

At established time points, cell numbers were estimated
using Sulphorhodamine (SRB) assay. Optical density was read
at 540nm using microplate reader (ELISA plate reader; Bio-
Rad, Hercules, CA). The percentage cell viability and growth
inhibition were calculated by the following equation:

ODcontrol - ODtest
ODcontrol
% cell growth inhibition = 1 — % cell viability

% cell viability = x 100

Concentration vs. % inhibitions curve was plotted, and
IC500 (concentration for 50% cell growth inhibition) values
were estimated by regression analysis. Moreover, the cells
treated with A, B and C concentrations of microspheres for
24h and stained with fluorescein diacetate and ethidium
bromide, and evaluated microscopically using confocal laser
scanning microscope (Carl Zeiss, Oberkochen, Germany).

Stability studies

The stability study of an optimized batch of microspheres
was performed at three storage conditions 5+3°C, 40+2°C
and 75+5%, 25°C and 70% RH by keeping in the refriger-
ator, humidity-controlled oven and room temperature,
respectively, for six months. The microspheres were investi-
gated for morphology, PS, EE and total drug content (TDC) to
assess the stability. The shelf-life of microspheres was eval-
uated using Minitab® 17.

Statistical analysis

All determinations were expressed as mean = standard devi-
ation (SD) (n=3). For cytocompatibility and antimicrobial
studies, all groups were compared with control using two-
way ANOVA followed by Bonferroni post-tests and results are
reported as mean+standard error mean using GraphPad
Prism software. Results of stability studies were statistically
compared with fresh sample by one-way ANOVA followed by

Dunnett’'s multiple comparison tests at 95% confidence inter-
val. p <.05 was considered as level of significance.

Results and discussion
Formation of microspheres

CS-Ca-SA microspheres were successfully formulated by using
combination of w/o emulsion-internal ionic-gelation and poly-
electrolyte complexation methods. Reportedly, Ca-SA micro-
spheres can be produced by external or internal gelation
techniques. In external gelation, microspheres were formed
spontaneously after injecting alginate solution into CaCl,
(water-soluble salt) solution. In contrast, in internal gelation
method, first droplets were emulsified by dropping in the oil
phase containing CaCOs (water-insoluble salt) to form microe-
mulsion (w/o) (Figure 5(a)). Subsequently, CaCOs; was dis-
solved to liberate Ca®", CO, and H,O by lowering pH by
addition of acetic acid [37,38]. The released Ca®* ions interact
with -COO™ moiety of alginate by partitioning internally to
aqueous droplets yielding homogeneous microspheres [37].
Liberation of CO, introduces porosity to the structure [39].
Furthermore, polyelectrolyte complexation of SA with CS cir-
cumvents the homogeneity and porosity of structure.
Heterogeneity is caused by the presence of two types of
interactions, i.e. alginate-Ca?" (ionic interaction) and alginate-
CS (polyelectrolyte complexation) [18].

Screening of variables

PBFD was successfully applied, and 12 batches of CS-Ca-SA
microspheres were formulated based on selected CFVs and
optimized by desired DRVs (Table 2). The selected responses
PS, avEE, avB and avTgy, were observed in the range of
74-461 (um), 62.45-86.20 (%), 12.21-34.63 (%) and
52.73-76.78 (h), respectively, indicated a significant role of
formulation variables on DRVs. Pareto plots disclosed most
significantly influencing formulation variables on the
responses (Figure 2). Out of seven CFVs, only CT had non-sig-
nificant (p >.05) effect on all responses. The significantly
influencing factors included SA, AS and SC on PS; SA, CaC
and PR on avEE; SA and AS on avB; and SA and CS on Tggq.
This pattern of influence is well correlated by contour and
surface plots (Figure 3).

The summary of regression parameters and associated
p-values and F-values is given in Table 3. The mathematical
model generated for each response was found statistically
significant (p <.05). The closeness of adjusted R* to R? values
indicated that good fit of generated model.

Particle size
PS = 71.8+62.06 SA — 2.5 CS + 4.90CaC

+ 4.71 PR — 35.22 SC+0.517 CT — 0.06944 AS

SA with positive coefficient had positive effect on PS,
whereas AS and SC having negative coefficient had inverse
effect on PS as elaborated by linear equations. An increase in
SA content increases the viscosity of aqueous droplets and
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Figure 2. Demonstration of Pareto plots for the selection of CFV having significant effect on desired DRVs, viz. particle size (PS), average encapsulation efficiency
(avEE), average burst release (avB) and average time for 80% cumulative drug release (avTgqo).

thereby increases the resistance force during stirring and
decreases the shrinkage due to water loss during drying pro-
cess, causing increase in PS. Conversely, high AS and high SC
offer decrement in PS by lowering the surface tension
between aqueous and organic phase and providing interfacial
stabilization against coalescence of particles. Moreover, AS
imparted breakdown force to aqueous emulsion droplets and
decreased the size of microspheres.

Entrapment efficiency
avEE = 54.62 +4.172 SA — 2.10 CS + 1.448CaC

— 0.933 PR — 1.018 SC+0.0568 CT — 0.001229 AS

From linear equations, CaC and SA are found directly pro-
portional to avEE, while PR is inversely proportional to avEE.
Increased SA and CaC have increased entrapment of drugs
by increasing cross-linking networks and decreasing porosity
[9]. Reduced avEE was observed with increase in PR due to
drug leakage by aggregation of droplets due to formation of
a less stable emulsion.

In-vitro drug release
In polymer-controlled drug delivery, drug release pattern is
characterized by burst effect and controlled effect signified

by avB and avTgge, respectively:
avB = 28.87 — 3.960 SA +0.30 CS — 0.060CaC
+ 0.405 PR+ 0.41 SC + 0.0241 CT + 0.00352 AS

35.26 +-4.298 SA +5.95 CS + 0.417CaC
+0.363 PR 0.58 SC+ 0.0057 CT — 0.00039 AS

ango% =

From linear equations, it is clear that avB is inversely
related to SA concentration and directly related to AS. This
pattern is ascribed to an increase in entrapment of drugs on
increasing SA concentration as lesser drug is available for
burst release. Similarly, on increasing agitation, smaller par-
ticles are formed bringing lower entrapment of drugs which
in turn increases the burst release. Alternatively, avTgg, had a
direct relation with SA and CS concentrations. The increment
in both polymer concentrations had offered more matrix and
cross-link networks causing slow release of entrapped antimi-
crobials with higher Tggo.

Optimization

Optimum formulation was selected based on the criteria of
obtaining the minimum particle size and burst release and
maximum entrapment and Tgg. The CFVs obtained for opti-
mized batch are as follows: SA-5%, CS-2%, CaC-5%, PR-1:2,
SC-1%, CT-30min, AS-2000rpm with composite desirability
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Table 3. Summary of ANOVA results and regression parameters.
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Dependent response Degrees of Adj. mean Adj. sum
variables Actual R? (%) S-value p-value Adjusted R? (%) F-value Predicted R? (%) freedom (DF) square of squares
PS 98.65 22.5703 .001* 96.28 41.65 87.82 7 21215 148505
AVEE 97.39 2.1772 .005* 92.83 21.34 76.53 7 101.170 708.187
AvB 94.64 2.7086 021%* 85.26 10.09 51.78 7 74.046 518.320
AvTgoo, 93.61 3.2722 .029%* 82.44 8.38 42.52 7 89.690 627.830
*p-value < .05 indicates model is significant.
Table 4. Comparison of predicted and experimental value for validation of ;
model. {ﬂ) CS-CaSA microsphere i 7_,_,/’
Responses Predicted value Experimental value Bias (%) e — Placebo microsph T
PS (um) 241.667 257 +£0.56° 5.9661 L Nl
AVEE (%) 81.119 79.89° —1.5383 f _
AvB (%) 13.88 14.36° 33426 g RE
AvTgge, (h) 74.1 72.43° —2.3056 5
#Values are mean+SD (n=3). E ) n'fsi TN A,
PThe values are average value for both drugs. g [ ~ R

=] b Sodium alginate

3 [y e

& il _/\/ %\\Mm /‘ \"‘—'A'u\/\...}#
(D) of 0.7309. Bias (%) was found within accepted limits for DeEroee 2R i
the experimentally obtained DRVs, thus validating the P— L

. 1 " s o
predictability of the model (Table 4). - v ™ W
4000 3500 3000 2500 2000 1500 1000 500

Characterization of optimized batch

FTIR
The compatibility and interactions between polymers and
drugs were determined by FTIR studies. The infrared peaks of
CS were observed at 3424, 2876, 1655, 1599, 1423 and
1381cm™" corresponding to the —-NH,, —OH stretching, car-
bonyl (C=0) stretching of the secondary amide (amide |
band), and bending vibrations of the N-H (N-acetylated resi-
dues, amide Il band), N-H stretching of the amide and ether
and N-H bonds (amide Il band), respectively (Figure 4(a)) [40].
In spectra of SA, 1030 cm~ ! band (C-0-C stretching) rep-
resents its saccharide structure. Moreover, two strong absorp-
tion peaks at 1611 and 1415cm™' belong to asymmetrical
and symmetrical stretching vibrations of the —-COO- group,
respectively. A little shifting of these peaks to 1637 and
1415cm™" was observed in placebo CS-Ca-SA microspheres
and drug-loaded CS-Ca-SA microspheres. In addition, peaks of
CS at 1599 and 3424cm ' were shifted to 1559 and
3448 cm™ " in microspheres. These alterations and shifting in
the peaks of CS and SA evidence the cross-linking of NH," of
CS to carboxylate ions of SA via electrostatic interactions.
Infrared spectra of OZ exhibited characteristic peaks at
3165, 3088, 1154 and 832cm™' owing to the presence of O-H
stretching, aromatic C-H stretching, aliphatic C-H stretching
and C-Cl group, respectively. Absorption at 2961, 1620, 1600,
3280, 3455 and 3330cm ™" corresponds to C-H, C-C, aromatic
C=(, C-O, primary O-H and N-H bond present in DX,
respectively. These peaks of drugs are conserved in CS-Ca-SA
microspheres and were absent in placebo CS-Ca-SA micro-
spheres. Physical mixtures exhibited all the peaks of OZ, DX
and polymers with decreased transmittance indicating the lack
of any type of interaction between drugs and polymers.

DSC
DSC of polymers and drugs was plotted between intensity
and increasing temperature. The DSC thermograms of SA and

Wavenumber (1/cm)
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Figure 4. Overlay spectrum: (a) FTIR spectra of ornidazole, doxycycline, chito-
san, alginate, physical mixture, placebo CS-Ca-SA and drug-loaded CS-Ca-SA
microspheres; (b) DSC graphs of ornidazole, doxycycline, alginate, chitosan and
(CS-Ca-SA microspheres; and (c) XRD pattern of ornidazole, doxycycline, chitosan,
alginate and CS-Ca-SA microspheres.

CS exhibited endothermic peaks at 86.6°C and 72.0°C,
respectively, contributed by dehydration of hydrophilic
groups (Figure 4(b)). Additionally, the exothermic peaks of SA
(250°C) and CS (300°C) resulted from degradation of
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Figure 5. Microscopic view of microspheres. Optical microscopic images of (a) w/o microemulsion alginate drops dispersed in oil phase and (b) calculation of spher-
icity factor of microspheres. SEM images of (c) ornidazole powder, (d) doxcycline hyclate, (e, f, g) CS-Ca-SA microspheres and (h) surface view of microspheres.
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Figure 6. In-vitro dissolution profiles of ornidazole (0Z) and doxycycline hyclate (DX) from optimized CS-Ca-SA microspheres in phosphate buffer pH 6.8. Vertical

bars indicate mean + SD.

polymers. CS-Ca-SA microspheres exhibited broad endotherm
formed by coalescence of peaks of SA and CS as a result of
cross-linking. Exothermic peak at 250°C corresponds to deg-
radation or partial decarboxylation and oxidation of CS-Ca-SA
microspheres. DX and OZ thermograms recorded sharp melt-
ing peaks at about 169°C and 92°C, respectively, belonging
to their crystal lattice structure (Figure 5(c,d)). These drugs
peaks were absent in microspheres, concluding their trans-
formation to amorphous state during formulation and uni-
form dispersion into polymers.

XRD

XRD plots of polymers and drugs are presented in
Figure 4(c). The XRD patterns of SA and CS do not present
any diffraction peaks which confirm their amorphous and
water-soluble properties (Figure 4(c)). Sharp characteristic 260
peaks for OZ and DX explain their crystallite structure.
Besides, microspheres showed absence of any peak because
of changes in crystalline drugs to amorphous forms. This
change in crystallinity of drugs is ascribed to an increase in
number of water molecules possessing higher degrees of
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Table 5. Drug release kinetics of ornidazole (0Z) and doxycycline hyclate (DX) from CS-Ca-SA and Ca-SA microspheres.

First-order Hixson—Crowell
Zero-order model model Higuchi model model Korsmeyer—Peppas model o
Diffusion
Microspheres  Drugs R? K (mgh/ml) R? K(h" R K (h"?) R? K (h "7 R? K (h™) n coefficient (D)
CS-Ca-SA 0z 0.902 1.977 0.755 0.024 0.977 13.251 0.945 0.045 0.971 1.343 0.560 8.66 x 10~*
DX 0.894 1.923 0.739  0.025 0.972 12.914 0.935 0.042 0.963 0.511 0.586 3.29x10°*
Ca-SA 0z 0.889 5.794 0.734  0.068 0.969 21.807 0.937 0.132 0.963 3.072 0.496 1573 x10°*
DX 0.898 5.874 0.742 .0721 0.975 22.074 0.942 0.132 0.968 1.132 0.528 6.07 x 107*
(a) 175 4 (b) T
1 100 +
150
— 1251 80
g | £
=]
2 ®
E s 604
2 g
S £
©
o
= § 40-
2 =
a ™7 —&—Ca-SA L —=—Ca-SA
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0 m T x T " T o T T T 0 T T T T T T T T T
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Figure 7. Comparative (a) swelling curve and (b) erosion curve of optimized batches of Ca-SA and CS-Ca-SA microspheres in simulated saliva pH 6.8. Vertical bars

show mean + SD.
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Figure 8. Zone of inhibition of dissolution study samples against S. aureus and E. coli. Vertical bars indicate mean + standard error mean.

freedom in the crystal structure [41]. The outcomes of XRD
and DSC studies supported uniform dispersion of drugs into
polymers and amorphous feature of microspheres.

Microscopic studies
The hydrated particles of optical microscopic images
(Figure 5(a)) were more spherical than dried microspheres

from SEM images (Figure 5(c)). This difference can be attrib-
uted to difference in instruments and energy sources and
resolution used for viewing [12]. The surface roughness of
microspheres was added by free drug particles and polymer
deposits (Figure 5(f)).

SF is an efficient dimensionless shape indicator classified
as tear-shaped (0.22), egg-shaped (0.077), pear-shaped (0.050)
and spherical (0.0016) [33]. The 0.01 <SF >0.1 indicated
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Figure 9. (a) Percentage cell viabilities of microsphere samples, A (0.01 g/ml), B (0.05 g/ml), C (0.1 g/ml) and control, prepared by incubating in DMEM media for
120 h against L929 cell lines. Vertical bars represent mean + standard error mean (n=6); (b) incubation time vs. ICso plot; and (c) fluorescent microscopic images
showing cytocompatibility of various microsphere samples (A, B, C and control (C1)) with L929 cell lines.
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Figure 10. Stability study of optimized batch of microspheres at different storage conditions, viz. Storage 1 (refrigeration), Storage 2 (room temperature) and
Storage 3 (high temperature). (a) Histograms representing stability parameters. Vertical bars indicate mean + SD. (b) Shelf-life plots. LS: lower specification (90%).



particles ranged from spherical to pear-shaped (Figure 5(b)).
Therefore, the deviation of SF from zero could be assigned to
surface depressions formed by solvent evaporation during
drying process [25].

Drug release kinetics

The in-vitro drug release profiles of OZ and DX from opti-
mized microspheres in PBS exhibit initial burst release and
then extended release (Figure 6). Burst release might likely be
due to rapid diffusion and desorption of surface-adsorbed
drugs. It acts as loading dose especially for treatment of
microbial infections, preceding that subsequent prolonged
and controlled release for 120 h was observed.

The swelling, drug release and kinetics of CS-Ca-SA micro-
spheres are dependent of interactions between polymers: (i)
between NH;" (CS) and -COO™ (SA); (i) between Ca** and
—-COO™ (SA); and (iii) interchain hydrogen bonds. Further, CS-
Ca-SA microspheres exhibited prolonged release in PBS,
which is more probably due to stabilizing effect of phosphate
ions on polycation salts (CS) [42].

The drug release showed good correlation with Higuchi
model (R*=0.98) revealing the matrix system of micro-
spheres. This observation supported the movement of chito-
san inside the porous alginate microspheres during
preparation. Further, release exponent “n">0.43, indicated
non-Fickian mechanism revealing release of both drugs, was
controlled by diffusion plus swelling of hydrophilic polymer
chains of CS and SA [43,44]. A high “D” for OZ and DX indi-
cated their greater tendency of diffusion across hydrophilic
polymers (Table 5). The “D” in the case of CS-Ca-SA was lower
than Ca-SA microspheres because of increased density of
polymer matrix [45].

Swelling and erosion studies

The swelling and erosion of microspheres were dependent
on relaxation of polymer networks due to differences in
osmotic pressure inside the microspheres and outside
(Figure 7). The swelling was continued till equilibrium
between osmotic pressure and forces of the cross-linking
bonds were attained. When these two forces become equal,
water absorption within microspheres stopped and maximum
swelling was attained [45].

After certain point, a decrease in swelling curve and ero-
sion curve was observed due to dissolution and erosion
of polymers. When compared to Ca-SA microspheres, the CS-
Ca-SA showed minimal swelling and greater erosion, caused
by presence of additional cross-link networks, non-solubility
and non-ionization of CS at neutral pH (Figure 7). Excessive
swelling of Ca-SA could be explained by weak cross-link net-
works and extraction of Ca*" ions by PO, ions of buffer
leading to disruption of structure [35].

Surface pH

Extreme pH conditions cause damage and irritation to the
oral mucosa. In particular, formulations with pH 6-7 are rec-
ommended for oral, buccal, mucosal and periodontal pocket
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infections. The surface pH of optimized batch of CS-Ca-SA
microspheres was 6.5+ 0.45 and Ca-SA was 6.6 +0.67. In both
cases, it was near neutrality and acceptable.

Mucoadhesion studies

Mucoadhesion is an important parameter for estimation of
stay of microspheres at its site of action, viz. periodontal
pockets. Optimized CS-Ca-SA microspheres provided good
mucoadhesivity with 78.48+0.49% microsphere remained
adhered to mucosal surface after washing. On the other
hand, Ca-SA showed lower 42 +0.67% mucoadhesion. Such
high mucoadhesive property of microspheres was contributed
by cationic nature of CS having high affinity for negatively
charged mucus membranes [16].

Antimicrobial activity

In all cases, a significant (p <.05) zone of inhibition had been
observed confirming antimicrobial potency of microspheres
against S. aureus and E. coli (Figure 8). Furthermore, the sam-
ple collected at 12h corresponds to burst release of drugs
and could be well correlated with the significant zone of
inhibition desirable for initiation of antimicrobial action. Also,
the zone of inhibitions of samples increased with sampling
time, indicating antimicrobial activity of drugs is dose
dependent.

Cytocompatibility

Microsphere samples showed cytocompatibility with L1929
cell lines by SRB assay (Figure 9(a)) and high cell viability
with non-significant difference (p <.05) was observed in all
samples (A, B and C). Furthermore, anti-proliferative effects
of microspheres were disclosed by very high values of
ICso at different incubation times of 24h (3829.42 mg/ml),
48h (3663.23 mg/ml), 72h (3105.57 mg/ml), 96 h
(2711.34mg/ml) and 120h (2497.57 mg/ml) (Figure 9(b)).
These results ensure the long-term safety of microspheres
for in-vivo applications. However, ICs, values decreased
with increasing incubation time. Apparently, microsphere
extracts (A, B and C) showed the substantial number of
L929 cells when observed under fluorescent microscope as
compared to control (Figure 9(c)).

Stability studies

Stability studies were performed by storing microspheres
for six months at three storage conditions. Optimized
batch observed non-significant (p >.05) differences in PS,
EE, avB and Tgo for both drugs at all storage conditions
(Figure 10(a)). The shelf-life of a product is defined as the
time for which its potency remains within an approved
specification and was predicted as time in which TDC
reaches 90%.

The shelf-life of microspheres was found to be 19.87, 12.35
and 9.40 months when stored at refrigeration, room tempera-
ture and high temperature storage, respectively (Figure 10).
This indicated high stability of microspheres for long period
especially at refrigerated storage.
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Conclusion

Periodontal disease requires prolonged treatment and pre-
sent study provided deep insight into the captivating features
of CS-Ca-SA microspheres for the simultaneous controlled
delivery of OZ and DX desirable for the treatment of chronic
periodontal infections. By virtue of PBFD, successful efforts
have been made for minimizing PS and burst release as well
as for maximizing EE and Tgge. Microspheres provided con-
trolled and prolonged delivery of drugs with burst effect.
Antimicrobial studies showed that the drug released from
microspheres was effectively inhibiting the growth of E. coli
and S. aureus. Thus, formulated microspheres were found bio-
degradable, mucoadhesive, non-toxic and stable for pro-
longed use. Conclusively, CS-Ca-SA microspheres showed
fortified characteristics with high potential applicability for
the prolonged treatment of periodontal infections.
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