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Abstract
This study aims to develop a thermosensitive mucoadhesive periodontal in situ gel of secnidazole for
local release of drug for treatment of periodontitis, in order to increase the drug residence time and to increase
patient compliance while lowering the side effects of the drug.
Cold method was used to prepare 30 formulas of secnidazole periodontal in situ gel, using different concentrations
of thermosensitive polymers (poloxamer407 alone or in combination with poloxamer 188) and methyl cellulose
(MC ) or hydroxypropyl methylcellulose (HPMC K4M )in different concentrations used as mucoadhesive
polymer and the resultant formulations were subjected to several tests such as  gelation temperature GT,
appearance and pH value. The formulas with the most appropriate GT were subjected to in-vitro drug release.
Three formulas were chosen with appropriate release, F6 (15% P407, 1% MC), F29 (18%P407,3% P188, 0.8%
HPMC) and F30 (18%P407,3% P188, 1% HPMC). These formulas were subjected to mucoadhesive force,
viscosity, drug content, spreadability, gelation time and Fourier Transform Infrared (FTIR) compatibility studies.
The results indicates that formula F29 and F30 have best gelation temperatures (33°C, 32°C) gel strength
(1.5h,2h) mucoadhesive force of (17.1, 23.4 dyne/cm?) and in-vitro drug release (98.2%, 100%) respectively
during 3.5h and gelation, time about 10 seconds for both formulas and FTIR spectrum study show absence of
important interaction between secnidazole and the polymers used.
Keywords; in-situ gel, methylcellulose, HPMC, poloxamer, Secnidazole
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Introduction

Periodontitis is an inﬂammatory disease of recession or both @ . GIngIVItIS, is the mildest form
Supporting tissues of teeth caused by Specific among periOdontal disease®. Periodontitis affects
microorganisms,  resulting  in  progressive nearly 60% of the world’s elderly population and
destruction of the periodontal ligament and alveolar 50% of the adult population ®. Male’s susceptibility
bone with periodonta| pocket formation’ gingiva| is more than females for chronic periOdOﬂtitiS(s)
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Heavy smokers have a high risk of occurrence of
chronic periodontitis . In addition, it can be
associated with other serious health conditions such
as diabetes, cardiovascular disease and stroke ©,
Current concepts of the etiology of periodontitis
implicate a bacterial infection as the primary cause
of the disease ©® . The main cause of periodontitis is
that bacterial flora gradually shifts to anaerobic
status, in addition to periodontal pockets, which
provide a favorable environment for the growth and
proliferation of some anaerobic bacterial species”.
Porphyromonas gingivalis, Tannerella forsythia,
Filifactor alocis, (a gram-positive anaerobe) ®, and
Treponema denticola have shown to be the most
common cause of periodontal disease ©19)

The non-surgical treatments are enough for patients
with early or moderate disease which include scaling
and root planning (SRP) (bacteria’s mechanical
removal). Supplemental use of local antibiotics,
local antiseptic drugs, systemic antibiotics have
been shown to provide some additional benefit
compared with debridement alone 9.
Nitroimidazoles (such as metronidazole) have
excellent activity against anaerobic microorganisms
due to their bactericidal activity, broad spectrum of
activity and rapid onset of action (2. While
secnidazole, has a longer terminal elimination half-
life than commonly used drugs in this class.
Therefore, the treatment interval will be shorter and
significantly more effective than the treatment using
other imidazole drugs %,

Secnidazole is a second-generation of 5-

nitroimidazole antimicrobials and has selective
activity against many anaerobic Gram-positive and
Gram-negative bacteria and protozoa 4 , it has
molecular weight of 185.18g/mol, melting point is
76°C, a water solubility is nearly 34 mg/ml at 27°C,
partition coefficient is 0.27 and half-life of 17 hours
19 and is approved for dental infections®®
Local application into periodontal pocket could be
very advantageous both in prolonged drug delivery,
preventing systemic side effects 17, ease of
application; especially in situ gelling system, as they
are applied as liquids that gel upon contact with the
oral cavity, selectively targeting a limited number
of diseased sites that were unresponsive to
conventional therapy and possibly enhanced
treatment results at due mucoadhesion and drug
retention (8),
Secnidazole vaginal in situ gel formulations were
prepared by Karthick et al., using 0.45% of
Carbopol 940 with 0.35% HPMC K4M and the
0.35% of Carbopol 940 with 0.35% hydroxy propyl
cellulose HPC these formulations also released less
than 50% of drug in simulated vaginal fluid at the
end of 8 hours @9 While, Narayana et al.,
formulated in situ vaginal gels of secnidazole, based
on ion activated systems using gellan gum (0.1-
0.75% wi/v) and sodium carboxy methylcellulose to
prolong the release of secnidazole (1% wiv) @9,
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For periodontal delivery, a previous study of
Secnidazole and of Serratiopeptidase was performed
by Priyanka et al. Using sodium alginate as an in-
situ gel polymer (1%), and HPMC E50Lv (1-
8%w/w) to modulate the gel strength and the
bioadhesive force, ®Y also, dento-oral gels of
Secnidazole were prepared by Gad et al. by using
3% w/w MC and 5% w/w hydroxy ethyl cellulose
HEC with HPMC or Carbopol 934 or Carbopol
971 (1 or 3% w/w) @, Also Secnidazole in situ
implant to modify the release of secnidazole over
24hours using PLA(poly lactic acid) and PLGA(co-
poly lactic glycolic acid) polymers@,

Gelation temperature GT is the crucial criteria for
the selection of the appropriate thermo-sensitive
formula of poloxamers. Poloxamers are synthetic
triblock copolymers of poly (ethylene oxide)-poly
(propylene oxide)-poly (ethylene oxide) (PEO-PPO-
PEO), Poloxamer 407 (P407) has 70% PEO while
poloxamer 188 (P188) has 30% PEQ®4%)
Poloxamer 407 (P407) as a thermosensitive polymer
is mostly used in range 15-20 % (w/w) to achieve
the desired sol-gel thermal transition near body
temperatures (33-35°C) @9, Due to their amphiphilic
nature, at critical micelle temperature CMT, P407
molecules assemble to form spherical micelles at the
critical micelle concentration CMC, with a
dehydrated hydrophobic PPO core surrounded by
hydrated swollen PEO chains, packing and
entanglements of micelles will increase with
temperature results in a 3D lattice structures 728
Poloxamers form gel at the critical micelle
concentration CMC and critical micelle temperature
CMT, the higher the PEO % in the poloxamer, the
higher is the CMC and CMT, thus P188 has a higher
CMC and CMT than P407 and the crucial
determining factor of GT is the type and
concentration of the poloxamer @®. Although the
mucoadhesive polymer may alter the GT but this is
secondary to the effect of poloxamer @9,

The aim of this study is the preparation of a thermo-
sensitive in-situ periodontal gel for the local intra-
pocket administration of secnidazole, that will gel
near physiological temperature, using the thermo-

responsive  polymers (Poloxamer 407 and
Poloxamer 188) with mucoadhesive polymers
(Methyl cellulose or Hydroxypropyl

methylcellulose).
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Materials and Method

Secnidazole, poloxamer 407 P407,
poloxamer 188 P188 and methyl cellulose MC
(63000 Da) were purchased from Baoji Guo Kang
Bio-technology Co., Ltd. China. Hydroxypropyl
methyl cellulose HPMC (K4M) from Hangzhou
Hyper chemicals limited, Zhejiang, China. All other
chemicals and solvent were of analytical reagent
grade.

Method of in situ gel preparation

In situ gel of Secnidazole SC was prepared
by cold method @9, A predetermined amount of
poloxamer P407 (15-18% wi/v) alone or in
combination with P188 (2-4% wi/v) was gradually
added to cold water at 4 °C in a beaker with
continuous agitation at a speed of 500 rpm for 2
hours using a magnetic stirrer, then the poloxamer
solution was left overnight for complete hydration
(at 4 °C) to ensure the formation of a clear and

Table 1. Composition of SC Periodontal in-situ gel
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viscous solution of poloxamer. Secnidazole at 1%
wiv 1620was then added to poloxamer solution in
the next day, using magnetic stirrer.

The viscosity enhancement polymer dispersions
were prepared beforehand, HPMC was added with
continuous mixing to hot water (70°C), while MC
was added slowly and gradually to water at room
temperature with continuous mixing and their
dispersion was left overnight for complete
hydration.

Preservative (methylparaben MP and glycerin GL)
and the viscosity enhancement polymers HPMC and
MC were added to the poloxamer- drug mixture with
continuous stirring. The final dispersion was kept in
refrigerator for another night at 4°C. Finally, the
volume was completed with purified water ©9,
Secnidazole periodontal in-situ gel components are
shown in Table 1

Formul | P 407 P188 MC. HPMC MP GL e H.0
a No. @ @ () () () (mL) g To(mL)
1. |15 0.2 0.01 2 1 100
2. |15 0.4 0.01 2 1 100
3. |15 0.6 0.01 2 1 100
4. |15 0.25 0.01 2 1 100
5. |15 0.5 0.01 2 1 100
6. |15 1.0 0.01 2 1 100
7. |15 15 0.01 2 1 100
8. |15 4 0.25 0.01 2 1 100
9. |14 4 0.5 0.01 2 1 100
10. | 17 0.2 0.01 2 1 100
11. | 17 0.4 0.01 2 1 100
12. | 17 0.6 0.01 2 1 100
13. | 17 0.8 2 1 100
14. | 17 0.25 0.01 2 1 100
15. | 17 0.5 0.01 2 1 100
16. | 17 4 0.25 0.01 2 1 100
17. | 17 4 0.5 0.01 2 1 100
18. | 17 4 0.2 0.01 2 1 100
19. | 17 4 0.4 0.01 2 1 100
20. | 17 3 0.2 0.01 2 1 100
21. |17 3 0.4 0.01 2 1 100
22. |17 2 0.1 0.01 2 1 100
23. |17 2 0.2 0.01 2 1 100
24. | 18 1 0.01 2 1 100
25. | 18 2 0.1 0.01 2 1 100
26. | 18 2 0.2 0.01 2 1 100
27. | 18 3 0.2 0.01 2 1 100
28. | 18 3 0.4 0.01 2 1 100
29. | 18 3 0.8 0.01 2 1 100
30. | 18 3 1 0.01 2 1 100
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Characterization of prepared SC periodontal in-
situ gel
Determination of Sol -Gel transition temperature

To determine the gelation temperature test
tube tilting method was employed, two mL of the
formula was placed in a test tube with 1 cm diameter
and sealed with parafilm, to be immersed in cold
water (at 4 °C) in a water bath. (Medical Sources
Co., Ltd., China), the temperature was increased 3°C
at the beginning, then when the temperature
approached the desired gelation temperature (around
30°C) it was increased by 1°C and kept constant in
each temperature degree for ten minutes. When the
test tube was tilted 90° and there is no flow of the
formula, this was recorded as the gelation
temperature ¢,
Appearance and pH determination

All formulations were checked visually for
their clarity, color and if there are any suspended
particles and this is done against black and white
background ©3. In addition, the pH of all the
formulas was measured using a digital pH meter
(Hanna Instruments). The pH meter probe was
immersed in each formula and this is achieved in
triplicate and takes the average as the pH of in-situ
gel formula®® .

In vitro release studies

Secnidazole release from the selected SC
periodontal in situ gel formulations were done by
placing 5mL of the prepared formulation (F6, F7-
F10 F11, F29, F30) into the dissolution jar filled
with 500 ml simulated saliva fluid SSF pH 6.8G
using USP dissolution apparatus type Il (paddle
type) for a period of 3.5 h with rotation rate 50 rpm
at 37°C. Volume of (5mL) were taken at different
time intervals and checked spectrophotometrically
at 320 nm(22,23). The formulas that showed
acceptable release were chosen for further
evaluation.
Kinetic modeling of Secnidazole release

The mechanism of release of secnidazole
from the selected formulas that showed acceptable
release were analyzed by fitting the release data into
Zero, First, Higuchi, and Korsmeyer Peppas
equations. Using a DDSolver Excel Microsoft Add-
in program and k and R?, were obtained for each
equation, and n value for Korsmeyer Peppas
equation at 60% of release 9,
Drug content

Accurately, 1 ml of the formulation
(equivalent to 10mg/mL SC) from the selected SC
periodontal in situ gel formulas were diluted to 10
ml with SSF G7, and 1 ml of this solution was diluted
again to 10 ml with SSF. Finally, the absorbance was
measured at the maximum absorption wavelength
using UV Spectrophotometer.
Determination of gelling capacity

The gelling capacity depend on the
formulation properties like gelling time and time
required for the formed gel to dissolve in a specific
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environment. Gelling capacity was measured by
placing a drop of the formula in a vial containing two
mL of freshly prepared simulated saliva fluid
equilibrated at 37 °C and assessing visually the gel
formation and record the time for gel to be formed
and the time required for the formed gel to dissolve.
Gelation time was classified in three groups
depending on the gel stiffness, gelation time and
duration 8,

Viscosity determination

The selected formulas were maintained at
physiological temperature (at 34-37 °C) with the aid
of the water bath (Medical Sources Co., Ltd., China)
to form a gel. ?®39The viscosity was measured using
Fungilab Smart Viscometer fitted with spindle R2,
the spindle was rotated from 6 to 100 rpm, and the
rotation speed was increased gradually and allowed
to rotate for two minutes before viscosity
measurement were recorded in Pascal per second
(Pa.s ).

Determination of mucoadhesive force
Mucoadhesive force is the adherence
power of the formulations to the epithelial mucosa.
The modified balance method was used with a
plastic beaker at one facet and on the other facet of
the balance, then a vial was geared up with the oral
mucosa of the sheep (with a thickness of 0.6 mm
obtained from slaughtered sheep) taken immediately
after sacrifice. The oral mucosa was outfitted on the
backside of the vial. The vials were maintained at
temperature (32-34 °C) for 10 minutes, then 1 mL
of the SC periodontal in-situ formula was placed in
a watch glass beneath the vial fitted with the oral
tissue, then the vial was pressed down onto the gel
for one minute as preliminary contact time. Water
was added to the beaker on the other side of the
balance gradually until complete separation of the
mucosa from the formula as shown in Figure (1).
The mucoadhesive force was measured by the
weight of water needed to separate the dental in-situ
formula from the oral mucosa by Equation (1):

Detachment force (%) = meg ........... Eq
@

Where, m is the required weight (in g), g is the
acceleration (980 cm/s?) due to the gravity, A is the
exposed oral tissue area which is 3.14 cm2 in all
preparations ©9,
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Figure 1. Mucoadhesive force modified balance
method.

Determination of gel strength
A sample of 3 g of each selected SC
periodontal in-situ gel formula was placed ina 5 ml

Secnidazole dental in situ gel

weight was removed, the difference between the two
diameters is the measure of spreadability 9

Statistical analysis

The results of the statistical analysis
showed that the value of F calculated for the tests
conducted is smaller than the level of significance
(p<0.05), which leads to the rejection of the null
hypothesis and thus there are significant or
substantial differences between the mean of the
treatments.

Results and Discussion
Determination of Sol-Gel transition temperature
As seen in Table 2A, increasing the
concentration of HPMC caused a reduction in GT
when comparing formulas containing P407 15% F1,
F2 and F3 (HPMC 0.2, 0.4, and 0.6%), with
formulas containing P407 17% F10, F11, F12, and
F13, (HPMC 0.2,0.4, 0.6 and 0.8%), formulas
containing P407 17%, P188.3% , F18, F19 (HPMC

cylinder, after complete sol to gel transition and kept
in water bath at (33°C). A mass of 5g was placed on
the upper surface of the gel. The gel strength was
recorded as the time required by the mass to move
down 0.5 cm into the formed gel ¢,

Spreadability test

The spreadability was checked for the
selected formulas after gelation was completed, by
dropping 0.1 g of gel on the center of glass slide (20
x20 c¢cm in size), and another glass slide with the
same dimensions, covered the initial slide. The
initial gel diameter was measured (in cm.) and after
placing a 100 g weight on upper slide glass for 5
minutes, The final diameter of spread gel after

0.2,0.4%), formulas containing P407 17%, P188.4%
F20, F21 (HPMC 0.2,0.4%), formulas containing
P407 18%, P188.3%  F27, F28, F29 and F30
(HPMC 0.2, 0.4, 0.6, 0.8 and 1%). The gelation
temperature lowering effect due to HPMC K4M
could be attributed to the capability of HPMC to join
to the chain of poly-oxyethylene in the poloxamer
moieties “Y. That will lead to increase the
dehydration of poloxamer, resulting in an increase
in the complexity of neighboring molecules as well
as intermolecular hydrogen bonding drastically
increasing which produce gelation at much lower

degree of temperature 83741,

Table 2. A gelation temperature GT, appearance, pH of the formulated SC periodontal in-situ gel with
HPMC as mucoadhesive polymer

Appearance at
No. P407 P188 HPMC GT pH Refrigerator Temperature
(4°C)
F1 15 0.2 38+0.70 6.42+0.15 Clear liquid
F2 15 0.4 36+1.00 6.62+0.10 Clear liquid
F3 15 0.6 26+0.97 6.68+0.10 Clear liquid
F10 17 0.2 34+0.50 6.52+0.12 Clear liquid
F11 17 0.4 32+0.59 6.65+0.05 Clear liquid
F12 17 0.6 24+0.90 6.81+0.05 Clear liquid
F13 17 0.8 21+0.86 7.07+£0.12 Clear liquid
F18 17 4 0.2 41+ 1.25 6.60+0.08 Clear liquid
F19 17 4 0.4 39+ 1.00 6.78+0.08 Clear liquid
F20 17 3 0.2 35+ 1.00 6.03+0.15 Clear liquid
F21 17 3 0.4 33+ 1.32 7.02+0.15 Clear liquid
27 18 3 0.2 37£1.3 6.43+0.10 Clear liquid
28 18 3 0.4 35+ 1.15 6.76+0.15 Clear liquid
29 18 3 0.8 33+ 1.00 6.94 +0.05 Clear liquid
30 18 3 1 32+ 1.04 7.13 +0.10 Clear liquid
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While the effect of MC on GT is concentration and
molecular weight dependent, as seen in Table 2-B.
This may be due to MC hydrophobic interaction
with poloxamer molecules will enhance CMC
formation and mdecrease GT and enhance gel
formation®?.Opposite to expectation, increasing
MC concentration increased the GT of the
formulation, 2, due to the high molecular weight of
MC (63000 Da) as seen in Table 2B, according to
these results different polymers used alter GT
significantly, since the gelation of methylcellulose
is an entropy-driven process 3. At first while
increasing the concentration of MC it will undergo
intermolecular hydrogen bonding through its
unmodified hydroxyl groups with hydrophilic part

Secnidazole dental in situ gel

of poloxamer 188 and water molecules forming a
network of macromolecular structure that interfere
with CMC formation and increasing GT which is
responsible for the formation of a stiff gel and cause
drastic increment in gelation temperatures in
formulation containing poloxamer 188 and MC
combinations. MC being a thermosensitive polymer
with a GT between 50-70°C (depending on the
molecular weight of MC). It is impossible to have
sol.-gel transition at temperatures lower than 51 °C
because the hydrophobic association between the
methyl groups of MC are not formed at this
temperature range, this is not obvious at lower
concentrations of MC®“3,

Table 2 .B Gelation temperature GT, appearance, pH of the formulated SC periodontal in-situ gel with

MC as mucoadhesive polymer

Appearance at Appearance at
No. P407 | P188 | MC. GT pH 4°C high temperature
(>50°C)
F4 15 0.25 26+0.76 7.10+0.05 Clear liquid
F5 15 0.5 28+1.10 7.00+0.15 Clear liquid
F6 15 1.0 32+1.00 6.93 £0.15 Clear liquid thick (2 layers)
F7 15 15 Above 60 5.92+0.06 Clear liquid thick (2 layers)
F8 15 4 0.25 | Above50 | 6.43+0.065 Clear liquid thick (2 layers)
F9 5 4 5 Above 50 6.12+0.05 Clear liquid thick (2 layers)
F14 17 0.25 20+1.00 6.48+0.12 Clear liquid
F15 17 0.5 22+0.76 6.44+0.02 Clear liquid
F16 17 4 0.25 41+0.76 6.33+0.10 Clear liquid
F17 17 4 0.5 51+ 1.25 6.11+0.06 Clear liquid
F22 17 2 0.1 32+ 1.65 6.92+0.05 Clear liquid
F23 17 2 0.2 45+ 1.24 6.64+0.05 Clear liquid
F24 18 1 25+ 1.08 6.33+0.10 Clear liquid
F25 18 2 0.1 32+ 1.08 7.07+0.05 Clear liquid
F26 18 2 0.2 33+ 1.3 6.71+0.05 Clear liquid
Appearance

All prepared formulas were translucent,

and clear. The turbidity observed during preparation
was found to disappear and regain clarity after
overnight standing at refrigerator “4. All the HPMC
containing formulas were clear at low temperature
and formed a translucent gel at higher temperature.
While some of the MC containing formulas (F6, F7,
F8 and F9) separated into two phases when the
temperature was raised.
In formula F8 (15 % P407 4% P188 0.25% MC)
and F9 (15 % P407 4% P188 0.5% MC) poloxamer
407 concentrations was (15%) which is too low for
appropriate gelation (45), poloxamer 188(4%)
further delay gelation temperature of this
mixture(45), for this reason high temperature is
required for poloxamer solution to reach gelation
temperature  and  this  high  temperature
concomitantly with low concentration of MC used

55

(0.25-0.5) the hydrogen bonding between MC and
water will be weaker, leads to decrease water
retention ability of MC and instead MC chain to
chain aggregate through its hydrophobic parts,
simultaneously stronger network of hydrogen bonds
between poloxamer and water is formed, diluting the
poloxamer, and poloxamer fails to reach CMC “3 so
when the water returns to the poloxamer solution
and at this stage we can see two separated layers one
with clear appearance (phase separation), which
represent the poloxamer solution and more thick and
turbid layer represent the MC semi gel solution as
seen in Table (2). Figure 2 shows the phase
separation of poloxamer solution with MC, the same
concept applies for F6 formula which almost
converted to gel at 32°C but when the temperature is
increased to more than 65°C the gel collapse and
phase separation occur.
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Figure 2.Phase separation of F6 when the temperature was raised to 65° C

pH Measurement

The pH value is important in oral in-situ gel
formulations, for good patient acceptance and
compliance “8).The pH of selected oral in-situ gel
formulas (F6, F29and F30) ranged between (6.93)
and (7.13) as shown in Table (2). The pH range is
acceptable with oral pH.
The pH of all formulations was within the range that
would not cause any irritation upon administration;
and close to oral pH ¢

Selection of the appropriate formula

According to the results of the sol-gel
transition temperature 7 formulas were chosen for
further evaluation with the appropriate sol-gel
transition temperature near body temperature with
MC (F6, F26) and with HPMC (F10, F20, F21, F29
and F30)

In vitro release studies

The release of SC from the selected
formulas in SSF is seen in Figure 3. Mucoadhesive
polymer used at low concentration F10, F20 (0.2%
HPMC), F21 (0.4% HPMC) and F26 (0.2 % MC)
showed rapid drug release time.
Increasing the concentration of the mucoadhesive
polymer, as in formulas F6 (1%MC) , F29
(0.8%HPMC) and F30 (1% HPMC) figure (4), the
release of SC was  slower due the higher
concentration  of the cellulosic mucoadhesive
polymer in these formulation which may be
explained to their ability to increase the formulations
viscosity as well as their ability to distort or squeeze
the extra-micellar aqueous channels of poloxamer
micelles through which the drug diffuses thereby
delaying the release process as seen in previous
studies “®. For this reason, at low HPMC or MC
concentration the gel layer surrounding poloxamer
micelles are thinner and easily penetrated by the
dissolution medium, while at high concentration this
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gel layer is more condensed and need time for
erosion and dissolution, that’s to say, polymer
concentration has a significant effect on secnidazole
release 9,

Another factor is HPMC is more hydrophilic, than
MC resulting in a faster rate of polymer swelling and
hydration and a large increase in drug release “9.

Percent of 5C release

Time |min)

Figure 3. The percent release of SC with time in
SFF (pH 6.8) at 37°C.
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Figure 4.The percent release of SC with time in
SFF (pH 6.8) at 37°C

Secnidazole dental in situ gel

Several studies in which mucoadhesive polymers
such as MC or HPMC were used and increasing the
concentration of these polymers leads to extension
of time of drug release and enhances gel strength and
each of these characterizations differ widely in each
study depending on concentration and type of
polymer responsible of gelation process used beside
the effect of mucoadhesive polymer 0485051,

Kinetic modeling of Secnidazole release

According to the results obtained from
the release data seen in Figure 3, the kinetic data
modeling was performed for F6, F29 and F30, is
shown in Table (3). The release of Secnidazole
obeys Korsmeyer Peppas non Fickian diffusion
according to the n value. Drug release from
hydrophilic polymers like (MC and HPMC) will be
based upon all factors that influence the swelling
and erosion of the gel such as the composition of
the formulation, the characteristics of the drug
itself, as well as the properties of the polymers in
the product 52.The progressive swelling of
polymers leads to changes the porosity of the
polymers that affect the diffusional release of a
drug (53).

Table 3.Mathematical release kinetics of secnidazole from oral in-situ gel .

F6 F29 F30
First order K1 0.029 0.018 0.019
R? 0.9594 0.9480 0.9509
Zero order KO 0.618 0.589 0.597
R? -0.1712 0.4110 0.4447
Higuchi KH 7.952 7.377 7.471
R? 0.7046 0.9412 0.9303
Korsmeyer- Peppas K KP 4.083 5.643 2.482
to 60% release n 0.769 0.632 0.865
R? 0.9967 0.9999 1.0000

Drug content

The drug content of the selected SC oral in-
situ gel formulas (F6, F29 and F30) was in the range
of (88.2%-101%) which is acceptable according to
the USP ®4, indicating high content, uniformity of
the in-situ gel formulas and suitability of the
preparation method. The results are presented in
Table (4).

Table 4.The drug content in the selected sc
periodontal in situ gel

Formulas Drug Content
F6 88.2%
F29 98.2%
F30 100%
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Gelation time and gel capacity

Gelling time was measured to test the time
the formula will remain in gel form before been
dissipated by the SSF, and the gelation time was
inspected by visual examination. The grading and
gelling capacity are shown in Table 5. All the
formulas showed good gelation time and capacity
due to the higher concentration of both the
poloxamer and the HPMC. The selected SC oral in
situ formula F29 and F30 containing HPMC (K4M)
(from 0.8 to 1%) showed excellent gelation time and
gel capacity, due to the high concentration of
poloxamer 407 (18%) and high concentration of
HPMC which possess high molecular weight.
In addition, F6 has good gelation capacity this is,
due to high concentration of MC (1%) used which
enhance viscosity and improve gelation properties
but take more time to form in-situ gel this may be
due to the lower poloxamer 407 concentrations, 15%
used in this formula, so both gelation time and
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gelation temperature are affected significantly by
types and concentration of polymer used.

Table 5. The gelation time and gelling capacity of
sc periodontal in situ formulas

Formula Gelation Gelling

Code time Capacity**
(sec.)

F6 10 ++

F29 10 +++

F30 10 +++

(+)gelation occurs after few minutes, remains for
few minutes, and dispersed rapidly.

(++)gelation occurs at once and remains for 8 hours
(+++)gelation occurs at once and remains for more
than 8 hours.

Viscosity determination

The viscosity is important since lower
viscosity formulas will drain from the oral cavity.
The viscosity measurements for  selected
formulations F29, F30, and F6 at different rpm are
shown in Figure 5. The formulations showed
pseudoplastic rheology, shear thinning and decrease
in viscosity with increase velocity, the viscosity was
significantly dependent on the polymeric content
and effected by their concentration, 0.8 % HPMC
(F29), 1% HPMC (F30) or 1% MC (F6) with
relatively high concentration of poloxamer
407,which assist formulation to be fluids before and
during administration at room temperature, they can
be easily injected by means of a periodontal syringe,
allowing the formulation to get access to the entire

pocket 28),

Secnidazole dental in situ gel

Figure 5.Viscosity (Pa/s) of F6, F29 and F30 at
different rpm at 37°C

Determination of gel strength

Formulations with higher concentration
HPMC (F30) relative to poloxamer shows higher gel
strength than those with lower concentration of
HPMC (F29) relative to poloxamer polymers (56),
while, MC (F6) showed more gel strength in
comparison with HPMC K4M polymer (F29, F30),
this  might be related to the formation of more
interlocking forces (hydrogen bond, Van der Waals)
between the poloxamer and MC polymer more than
with poloxamer and HPMC ©8, which means the
polymer type and concentration have significant
effects on gel strength.

Table 6. Gel Strength, mucoadhesive force and spreadability of SC oral in-situ gel selected formulas (mean

+SD) (n=3)
Formula code | Gel strength Mucoadhesive force Spreadability
(n) (dyne/ cm?) (cm)
F6 24+0.03 8991.04 + 862.54 3.7 0.3
F29 1.5+0.06 5338.34+ 359.54 3.30.3
F30 2+0.06 7305.22+ 511.54 2.810.2

Determination of mucoadhesive force

Table 6 shows the mucoadhesive force of
the selected formulas. Formula F30 has a much
higher mucoadhesive force than F29 due to higher
concentration of HPMC in F30. The mucoadhesive
force is the result of hydrogen bonding between the
polymers and oligosaccharide chain of the mucus,
lining the mucus membrane. The mucoadhesive
force increases significantly due to an increase in the
number of penetrating hydrophilic chain to mucus
glycoprotein as the concentrations of polymer
increase. Mucoadhesive forces depends on the
nature and the concentration of viscosity
enhancement polymers, as the polymer
concentration increases ¢7-59,
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The high molecular weight of MC and the high
concentration of MC in F6 may allow extensive
adhesion to the oral mucosa, since high
concentration of MC enhances the rheological
synergy between MC and mucin(60). When the
temperature increases, over and around 30 °C, non-
Newtonian behavior occurs corresponding to chain—
chain interaction due to the hydrophobic character
of methylcellulose. This behavior is in good
agreement with the hypothesis of Kobayashi et al
(61). A high molecular weight of MC have the more
effect on muco-adhesion(62). The mucoadhesive
force of the oral in-situ gel formulas should be
enough to resist saliva fluid flow in oral cavity to
maintain good contact with oral mucosal
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membranes, especially when placed in the dental
pocket and is useful for treatment of periodontitis.

Spreadability test

From the results shown in Table 6, all the

selected formulas have spreadability from 2.3to 3.7
cm, in F29 and F30 at high concentration of the
poloxamer and viscosity enhancement polymer
HPMC, the viscosity of the SC periodontal in-situ
formula increase and the spreadability decreased

significantly (63), while in F6

showed higher

spreadability, which may be due to low poloxamer
407 concentration 15% .

Conclusion

attractive

Intra pocket drug delivery system is an
and promising way to deliver

antimicrobial agent into periodontal pocket to
achieve local enhanced gingival crevicular drug
concentration combined by lower systemic side
effect.

While in situ gelling is favored as the formula can
applied in a syringable form, and gel at the site.

Poloxamers

P407 P188 were selected as

thermosensitive in situ gelling polymers for mucosal
drug delivery, in combination with mucoadhesive
polymers (MC or HPMC).

Acknowledgment

We thank the department of pharmaceutics,

College of Pharmacy University of Baghdad for the
laboratory Facilities.

Conflict of interest

There is no conflict of interest.

References

1.

Saini R, Marawar P, Saini S. Periodontitis, a
true infection. J Glob Infect Dis.
2009;1(2):149-50.

Pihlstrom BL, Michalowicz BS, Johnson NW.
Periodontal diseases. Lancet.
2005;366(9499):1809-20.

Haytac MC, Ozcelik O, Mariotti A. Periodontal
disease in  men.  Periodontol  2000.
2013;61(1):252-65.

Khan S, Khalid T, Awan KH. Chronic
periodontitis and smoking: Prevalence and
dose-response relationship. Saudi Med J.
2016;37(8):889-94.

Flemmig TF. Periodontitis. Ann Periodontol.
1999;4(1):32-8.

Loesche WJ, Baron S. Microbiology of Dental
Decay and Periodontal Disease. In: Medical
Microbiology. Galveston TX; 1996.
Benachinmardi KK, Nagamoti J, Kothiwale S,
Metgud SC. Microbial Flora in Chronic
Periodontitis: Study at a Tertiary Health Care
Center from North Karnataka. J Lab Physicians.
2015;7(01):049-54.

Belstram D, Sembler-Mgller ML, Grande MA,
Kirkby N, Cotton SL, Paster BJ, et al. Microbial
profile comparisons of saliva, pooled and site-

59

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Secnidazole dental in situ gel

specific subgingival samples in periodontitis
patients. PLoS One. 2017;12(8):1-11.
Ximénez-Fyvie LA, Haffajee AD, Socransky
SS. Microbial composition of supra- and
subgingival plaque in subjects with adult
periodontitis. J Clin Periodontol.
2000;27(10):722-32.

Rams TE, Sautter JD, van Winkelhoff AJ.
Comparative in vitro resistance of human
periodontal bacterial pathogens to tinidazole
and four other antibiotics. Antibiotics.
2020;9(2).

Haris M, Panickal DM. Role of Metronidazole
as a Local Drug Delivery in the Treatment of
Periodontitis:A Review. Int J Oral Heal Med
Res. 2017;3(July):141-5.

Tally FP, Goldin B, Sullivan NE.
Nitroimidazoles: In vitro activity and efficacy
in anaerobic infections. Scand J Infect Dis.
1981;13(Suppl. 26):46-53.

Yadav R, Kanwar IL, Haider T, Pandey V, Gour
V, Soni V. In situ gel drug delivery system for
periodontitis: an insight review. Futur J Pharm
Sci. 2020;6(1):1-13.

Gillis JC, Wiseman LR. Secnidazole. Drugs.
1996;51(4):621-38.

National Center for Biotechnology Information.
Secnidazole [Internet]. PubChem Compound
Summary for CID 71815. 2021. Available
from:
https://pubchem.ncbi.nim.nih.gov/compound/S
ecnidazole

Bonner J. Use of secnidazole in treatment of
dental infections. 7691831, 2012. p. 9.
Rajeshwari HR, Dhamecha D, Jagwani S, Rao
M, Jadhav K, Shaikh S, et al. Local drug
delivery systems in the management of
periodontitis: A scientific review. J Control
Release. 2019;307(August):393-409.

Pragati S, Ashok S, Kuldeep S. Recent
advances in periodontal drug delivery systems.
Int J drug Deliv. 2009;1(1):1-14.

Arun Karthick R, Ramya Devi D, Vedha Hari
BN. Investigation of sustained release
mucoadhesive in-situ gel system of Secnidazole
for the persistent treatment of vaginal
infections. J Drug Deliv Sci Technol.
2018;43(July 2017):362-8.

Narayana RC, Harish NM, Gulzar A M,
Prabhakara P, Singh AK, Subrahmanyam EVS.
Formulation and in vitro evaluation of in situ
gels containing secnidazole for vaginitis.
Yakugaku Zasshi. 2009;129(5):569-74.
Priyanka M, Meenakshi B. Study of
secnidazole-serratiopeptidase alginate/HPMC
gels for periodontal delivery. Int J PharmTech
Res. 2011;3(3):1488-94.

Gad HA, El-Nabarawi MA, Abd El-Hady SS.
Formulation and evaluation of secnidazole or



Iraqi J Pharm Sci, Vol.31(2) 2022

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

doxycycline dento-oral gels. Drug Dev Ind
Pharm. 2008;34(12):1356-67.

Gad HA, El-Nabarawi MA, Abd El-Hady SS.
Formulation and evaluation of PLA and PLGA
in situ implants containing secnidazole and/or
doxycycline for treatment of periodontitis.
AAPS PharmSciTech. 2008;9(3):878-84.
Alexandridis P, Alan Hatton T. Poly(ethylene
oxide)poly(propylene oxide)poly(ethylene
oxide) block copolymer surfactants in aqueous
solutions and at interfaces: thermodynamics,
structure, dynamics, and modeling. Colloids
Surfaces A Physicochem Eng Asp. 1995;96(1-
2):1-46.

Bodratti AM, Alexandridis P. Formulation of
Poloxamers for Drug Delivery. J Funct
Biomater. 2018;9(11):1-24.

Gilbert JC, Washington C, Davies MC,
Hadgraft J. The behaviour of Pluronic F127 in
aqueous solution studied using fluorescent
probes. Int J Pharm. 1987;40(1-2):93-9.
Bodratti AM, Alexandridis P. Formulation of
poloxamers for drug delivery. J Funct Biomater.
2018;9(1).

ChenY, Lee J-H, Meng M, Cui N, Dai C-Y, Jia
Q, etal. An Overview on Thermosensitive Oral
Gel Based on Poloxamer 407. Materials
(Basel). 2021;14(16):4522.

Giuliano E, Paolino D, Fresta M, Cosco D.
Mucosal applications of poloxamer 407-based
hydrogels: An overview. Pharmaceutics.
2018;10(3):1-26.

Qian Y, Wang F, Li R, Zhang Q, Xu Q.
Preparation and evaluation of in situ gelling

ophthalmic  drug delivery system for
methazolamide. Drug Dev Ind Pharm.
2010;36(11):1340-7.

Odbole MD, There PW, Dangre PV.

Formulation and optimization of prolonged
release nasal in situ gel for treatment of

migraine. Indo Am J Pharm Res.
2014;4(3):1320-32.
A.K.  AliAllah,  Abd-AlHammid  SN.

Preparation and Evaluation of Chloramphenicol
as Thermosensitive Ocular in- situ Gel.pdf.
Iragi J Pharm Sci. 2012;21(2):98-105.
Kurniawansyah IS, Sopyan I, Wathoni N, Fillah
DL, Praditya RU. Application and
characterization of in situ gel. Int J Appl Pharm.
2018;10(6):34-7.

Sanjana A, Ahmed MG, Gowda J. Preparation
and evaluation of in-situ gels containing
hydrocortisone for the treatment of aphthous
ulcer. J Oral Biol Craniofacial Res.
2021;11(2):269-76.

Marques MRC, Loebenberg R, Almukainzi M.
Simulated  Fluids.  Dissolution ~ Technol.
2011;18(3):15-28.

Dash S, Murthy PN, Nath L, Chowdhury P.
Kinetic modeling on drug release from

60

37.

38.

39.

40.

41.

42,

43.

44,

45,

46.

47.

48.

49,

50.

Secnidazole dental in situ gel

controlled drug delivery systems. Acta Pol
Pharm - Drug Res. 2010;67(3):217-23.

Garala K, Joshi P, Patel J, Ramkishan A, Shah
M. Formulation and evaluation of periodontal
in situ gel. Int J Pharm Investig. 2013;3(1):29.
El-Feky YA, Fares AR, Zayed G, El-Telbany
RFA, Ahmed KA, El-Telbany DFA.
Repurposing of nifedipine loaded in situ
ophthalmic gel as a novel approach for
glaucoma treatment. Biomed Pharmacother.
2021;142(July):112008.

Ramadan EM, Borg TM, Elkayal MO.
Formulation and evaluation of novel
mucoadhesive ketorolac tromethamine liquid
suppository. African J Pharm Pharmacol.
2009;3(4):124-32.

Shastri DH, Prajapati ST, Patel LD. Design and
Development of Thermoreversible Ophthalmic
In Situ Hydrogel of Moxifloxacin HCI. Curr
Drug Deliv. 2010;7(3):238-43.

Prabhu A, Koland M. Development and
Evaluation of an in Situ Thermogelling System
of Ofloxacin for Controlled Ocular Delivery.
Asian J Pharm Clin Res. 2019;12(3):567-70.
Dewan M, Bhowmick B, Sarkar G, Rana D,
Bain MK, Bhowmik M, et al. Effect of methyl
cellulose on gelation behavior and drug release
from poloxamer based ophthalmic
formulations. Int J Biol Macromol.
2015;72:706-10.

Li L. Thermal gelation of methylcellulose in
water:  Scaling and thermoreversibility.
Macromolecules. 2002;35(15):5990-8.
Parthiban KG, Manivannan R, Kumar BS,
Ahasan MB. Formulation and Evaluation of
Ketorolac Ocular pH-Triggered In-Situ Gel. Int
J Drug Dev Res. 2016;2(2):2010.

Shau PA, Dangre P V, Potnis V V. Formulation
of thermosensitive in situ otic gel for topical
management of otitis media. Indian J Pharm
Sci. 2015;77(6):764.

Semalty A, Semalty M, Nautiyal U.
Formulation and evaluation of mucoadhesive
buccal films of enalapril maleate. Indian J
Pharm Sci. 2010;72(5):571-5.

Kassab HJ, Khalil YI. 5-Fluorouracil
mucoadhesive liquid suppository formulation
and evaluation. 2014;

Thomas LM, Khasraghi AH, Saihoo AH.
Preparation and evaluation of lornoxicam in situ
gelling liquid suppository. Drug Invent Today.
2018;10(8):1556-63.

Joshi SC. Sol-Gel Behavior of Hydroxypropyl
Methylcellulose (HPMC) in lonic Media
Including Drug Release. Materials (Basel).
2011;4:1861-905.

Godbole MD, P.W.There, P.V.Dangre.
Formulation and Optimization of Prolonged
Release Nasal in Situ. Indo Am J Pharm Res.
2014;4(02):1320-32.



Iraqi J Pharm Sci, Vol.31(2) 2022

Sl

52.

53.

54.

55.

56.

Gupta C, Juyal V, Nagaich U. Formulation,
optimization, and evaluation of in-situ gel of
moxifloxacin hydrochloride for ophthalmic
drug delivery. Int J Appl Pharm.
2019;11(4):147-58.

Farid RM, Etman MA, Nada AH, Ebian AEAR.
Formulation and in vitro evaluation of
salbutamol sulphate in situ gelling nasal inserts.
AAPS PharmSciTech. 2013;14(2):712-8.

Ali T, Shoaib MH, Yousuf RI, Jabeen S,
Muhammad IN, Tarig A. Use of hydrophilic
and hydrophobic polymers for the development
of controlled release tizanidine matrix tablets.
Brazilian J Pharm Sci. 2014;50(4):799-818.

U.S. Pharmacopoeial Convention. (905)
Uniformity of Dosage Units. Stage 6
Harmonization. In: The United States

Pharmacopeial Convention. 2011.

Mortazavi SA, Moghimi HR. Effect of
surfactant type and concentration on the
duration of mucoadhesion of carbopol 934 and
HPMC solid compacts. Iran J Pharm Res.
2003;2(4):191-9.

Godbole MD, There PW, Dangre P V.
Formulation and optimization of prolonged
release nasal in situ gel for treatment of
migraine. Indo Am J Pharm Res.
2014;4(3):1320-32.

This work is licensed under a Creative Commons Attribution 4.0 International License.

57.

58.

59.

60.

61.

62.

63.

Secnidazole dental in situ gel

Dhawan S, Singla AK, Sinha VR. Evaluation of
mucoadhesive  properties  of  chitosan
microspheres prepared by different methods.
AAPS PharmSciTech. 2004;5(4):Article 67.
Smart JD. The basics and underlying
mechanisms of mucoadhesion. Adv Drug Deliv
Rev. 2005;57(11):1556-68.

Al-Wiswasi NN, Al-Khedairy EB. View of
Formulation and in vitro Evaluation of In-situ
Gelling Liquid Suppositories for Naproxen.
Iragi J Pharm Sci. 2008;17(1):31-8.

Hirun N, Tantishaiyakul V, Sangfai T,
Ouiyangkul P, Li L. In situ mucoadhesive
hydrogel based on methylcellulose/xyloglucan

for periodontitis. J Sol-Gel Sci Technol.
2019;89(2):531-42.

Kobayashi K, Huang C, Lodge TP.
Thermoreversible  gelation of  aqueous

methylcellulose solutions. Macromolecules.
1999;32(21):7070-7.

Shaikh R, Raj Singh T, Garland M, Woolfson
A, Donnelly R. Mucoadhesive drug delivery
systems. J Pharm Bioallied Sci. 2011;3(1):89—
100.

Harish NM, Prabhu P, Charyulu RN, Gulzar
MA, Subrahmanyam EVS. Formulation and
evaluation of in situ gels containing
clotrimazole for oral candidiasis. Indian J

Pharm Sci. 2009;71(4):421-7.

61


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

