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ABSTRACT

Objective of the present study was to develop amtlate thermoreversible in situ gelling drug dehy system for
periodontal anasthesia. This system improves patiempliance by giving anesthesia at a site withaistress of
needle insertion. Thermoreversible gels were pregdry combining different concentration of plureni€l27 and
F68. Formulations were evaluated in terms of thascosity, gel strength, gelation temperature, #itgband in
vitro drug release. The formulations were storedliffierent temperature and humidity. The formulatitas amide
group anesthetic agent for delivery into periodémacket containing mepivacaine hydrochloride aw@del drug.
The prepared formulations are biocompatible ancegffective release of anasthetic agent. The résuthis study
suggests that mepivacaine hydrochloride thermos#kr gel may offer an alternative to injection atteesia.

Key Words: Mepivacaine hydrochloride, periodontal anestheRiiaronic F127, Pluronic F68.

INTRODUCTION 23}

Periodontal disease are group of condition, ineclgdjingivitis and periodontitis, which affectingettsupporting
structure of the teeth such as gums, periodorgahients, alveolar bone and dental cementum. Pleauspread
and grow below the gum line. Toxins produced byliheteria in plague irritate the gums. The toxiisgate a
chronic inflammatory response in which the bodgésence turns on itself and the tissues and bansupport the
teeth are broken down and destroyed. Gums sedavatethe teeth, forming pockets (spaces betweenetbid and
gums) that become infected. As the disease praggesse pockets deepen and more gum tissue and drene
destroyed.

The treatment of periodontal disease begins wighrémoval of sub-gingival calculus (tartar) andfibio deposits.
A dental hygienist procedure called scaling and manning is the common first step in addressiegqaontal
problems, which seeks to remove calculus by mech#ipiscraping it from tooth surfacés”.

Scaling and root planning procedures is unpleasadtpainful. The practice of modern dentistry isoimceivable
without the application of local anesthesia. Ahest techniques used for this are nerve blochkfiafion an
aesthesia in combination with topical anesthesia.efffective anaesthetic effects anaesthetic agdmsld retained
in periodontal pockets throughout the procedureinfarove residence time insitu gels show promisiffgct.

Advantage of thermoreversible gel has brought a pbaase into dentistry especially into periodontgland
pediatric dentistry where its use has drawn |atuafcess and patients acceptance.

Poloxamers or pluronic are the triblock copolymevhich forms micelles at low concentration and clear
thermoreversible gel at a high concentration. Tdvecentrated solution (16-30%) is transformed from Viscosity
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transparent solution at &G to a solid on heating at body temperature. By wiaiihg the gelation temperature of
different solutions of F127 and F68 liquid bases periodontal use can be formulated that form aigeh
periodontal pockets at a body temperature resuitinthe enhancement of the residence time in thigental
pockets.

Mepivacaine hydrochloride, a tertiary amine usedaasocal anesthetic, is 1-methyl-2", 6  pipecolidigde
monohydrochloride. It stabilizes the neuronal meambr and prevents the initiation and transmissiomearfe
impulses, thereby effecting local anesthesia.

The objectives of the present study are to deveiwmitu thermoreversible gelling system of mepivaeai
hydrochloride suitable for periodontal pocket adsthation, which would enable a patient to haven|esis
treatment without distress of injection.

MATERIALS AND METHODS

To accomplish the objectives, gel forming solutibygphase transition (sol-gel transition), medidigdemperature
were formulated using F127 and F68 polymer. Poleais a triblock polymer consisting of polyoxyetbgk—
polyoxypropylene— polyoxyethylene units, and isdugeth internally and externally in various produttat are
designed for animal and human uses.

Mepivacaine hydrochloride (Mepivacaine HCI) wasabfsed from sigma Aldrich India. Pluronic F127 ar@BRvas

obtained as gift sample from Signet chemical capon Pvt. Ltd. Mumbai. Methyl paraben and Triethlamine

were procured from Loba Cheme, Mumbai, India. Aliey reagents used were of analytical grade and used as
procured.

Mepivacaine hydrochloride
Mepivacaine Hydrochloride, a tertiary amine usea &scal anesthetic, Mepivacaine is an anesthiesichilocks the
nerve impulses that send pain signals to brain.

Mepivacaine is used as a local anesthetic for &tuegd or spinal block. It is also used as an dretit for dental

procedures.
H C
O/\ HCI

Chemical name: 1-methyl-2', 6' - pipecoloxylididemohydrochloride
Molecular formula - 1-methyl-2', 6' - pipecoloxyiig monohydrochloride
Mol. Weight — 282.81

Preparation of Gel®:

Pluronic gels were prepared according to the “cokthod” first described by Schmolka. The main atwga of
this “cold method” compared to procedures usingatkd temperatures, is the suitability for thermbike drugs,
which can be incorporated at any preparation stage.

Tablel: Composition of formulations

Ingredients (% W/W)
M1 | M2 | M3 | M4 | M5 | M6
F 127 15| 17| 18| 20, 2§ 3(
F 68 10 10 10 10 10 1(
Drug 5 5 5 5 5 5
Preservative gs| 98  g.p. dgs. S. s
Triethanolamine gs| Q98 g5 qis. S, Q.s.
Water (MI) gs.| gs|gs.| gs.| gs| g9
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Pluronic F127 and F68 are more soluble in cold wtkitan hot water. In situ gel containing 5% mepaiae HCI
was prepared using different concentrations of FA2d F68 by cold method. Various concentrationplofonic
F127 (15%, 17%, 18%, 20%, 25%, 30%) was mixed wdthstant concentration of F68 (10%) gel was sladgted
to cold water, constant stirring was maintainedctEdispersion was refrigerated at 4°C to compleaikyrper
desolvation until a clear solution was formed. Breative was added and formulation was adjustenketdral pH
with triethanolamine (quantity sufficient). All gelere stored and cold temperature and evaluatbihwi8 hr.

EVALUATIONS OF GEL FTIR SPECTROPHOTOMETRY 7.

IR of Polymer and Drug

To evaluate the purity and compatibility of the glin the formulations, IR spectra of the drugs patymer were
obtained by FTIR spectrophotometer.
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Figure 1: IR Spectra of Drug and Polymer

Determination of Drug Content

The prepared formulations (M1 to M6) were analyfeeddrug content by taking 1 mL of gel in 100 mUwmetric
flask, dissolved and the volume was made upto 10@with 7.4 phosphate buffers. From the above solug mL
was pipetted out into a 10 mL volumetric flask atlime was adjusted with 7.4 phosphate buffer. Aleace was
measured at 214nm. Each formulation was subjeategH measurement using pH meter (manufactured by
Toshwan Industries Ltd, Ajmer.) which was previgusdlibrated using standard buffers of pH 4 and7pH

Determination of Gelation Temperature by Miller and Denovo Tech

A 2 ml aliquot of gel was transferred to test tulmemersed in water bath al@and sealed with aluminum foil. The
temp of water bath was increased in increment8®fThe samples were examined for gelation when #@isous
would no longer move upon tiling through®@o

891
Scholar Research Library



Aarti V. Daithankar et al Der Pharmacia Lettre, 2012, 4 (3):889-896

Measurement of Gel Strength

Gel strength was measured by method reported byettad. 50 g of gel was placed in a 100 ml graddatylinder
and gelled at 37°C using thermostat. A weight af 8&s placed onto the gelled solution and alloweegkinetrate 5
cm in the gel. Time taken by weight to sink throdlgé gel down by 5cm was measured.

Viscosity Studies

The viscosity studies of all the formulations (M1 ¥6) were measured by using Brookfield digitalcameter
(Brookfield DV I+, USA) with spindle number 94 &0 rpm. Viscosity was measured at 4°C+1 and at 3Z+1
using a thermo stated water jacket.

Invitro Release Studies

Dialysis bag prepared from cellulose tubing withrdeter of 2.3 cm and extension of 3.5 cm weredfiléth 1 g of
gel. Gingival crevicular fluid (GCF), inflammatogxudate flows continuously in the pocket. The pHcEF is 7.2
to 7.6 and a mouth saliva pH 6.4 to 7.4. Hencéhingresent study, phosphate buffer pH 7.4 was figetthe in-
vitro drug release studies of the gel. The bag wdividually immersed in the recipient containing L of the
receptor media. The media was maintained at 37AtGappropriate time intervals samples were takemfithe
receptor media and assayed by HPLC to determinartfmint of bupivacaine released from the gel. Sesnglere
analyzed spectrophotometrically at 214 nm.

Analysis of drug release dat&
The data obtained from tle vitro release experiments were analysed by the followorgmonly used exponential
equation.

MdM=Kt" [1]

Log M/M=log k + nlog t

Where,

M{M= the fraction of released drug at time t k: release constant incorpo@structural and
geometric characteristics of the drug/polymer syste n: release expanedicative of the release
mechanism.

When n is equal to 0.5, the drug is released ftoenpolymer with a Fickian diffusion mechanism (Higumodel).
If 0.5 < n <1 this indicates anomalous or non-Rickielease, while if n=1 this indicates zero oréézase.

In vivo study *%

Clinical evaluation of formulation was randomizgadyallel- group ,double blind study using comparamgsthetic
gel and placebo gel in pain sensitive patient. Jtuely was approved by Institutional ethical comedtof Pravara
Institute of Medical Sciences, Loni and performed department of Periodontology, Rural Dental Caleg
Participants were require to present with quadveittt minimum of five teeth that had not receivedipéontal
debridement in the last twelve months. The selegtextirant were require to have one or more periadi@ocket
with depth of 5mm or greater.

Methodology of Evaluation

Fourty patients were screened for scaling and plahning. During the treatment, the chosen quadheat
undergone SRP along with either anaesthetic /ptaggdl. The anaesthetic/placebo gel was placed timéo
periodontal pocket with a blunt ended, needle sthapplicator. (23 gauge, 0.6mm). Following a waitipd of 3 -5
min SRP was performed. If the patient had any aigod, a second application of the gel was donemakimum of
two applications of either anaesthetic /placeboveggs$ done per tooth and later SRP was carriedlbtite SRP
procedure was still painful after reapplication, fuother application of the gel was done and thbjestt was
classified as patient requiring rescue anaesthesiah was an efficacy parameter in the study. & €nd of the
SRP the patient was asked to rate the overall paiception on a visual analog scale (VAS) and Jadiang scale
(VRS). Adverse events were monitored throughoutrisgtment period and at follow up visit.

EVALUTION PARAMETER OF PAIN MEASUREMENT

Visual Analog Scale (VAS)

After the SRP the overall pain was assessed bgubgect using a 100 mm (10 cm) horizontal scaléh wie left
end point marked “no pain” and the right end paimirked “worst pain imaginable” as the primary eftig
parameter.
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Verbal Rating Scale (VRS)

As the secondary efficacy parameter the overaii fram the SRP was assessed using a 5-point viextiad) scale:
no, mild, moderate, severe and very severe paiter Afie SRP pain had been assessed by VAS, thenpatas
asked to rate the overall pain on the VRS in respda the question, “How much pain did you feelimgithe SRP
procedure? The alternative that best describepdimewas chosen.” The assessment of the VAS paire gprimary
efficacy parameter) was always made before the W&B score (secondary efficacy parameter) to awdidence
of an already expressed verbal statement. Stalistiethods Descriptive statistics were performedl@mographic
characteristics; age, gender. t—Test was performneoaseline scores, VAS and VRS scores. The teswtailed,
with a confidence interval of 5%.

RESULTS

Drug Content and pH of Gel and Measurement of Gebtrength

Drug content of all formulation was found to be@amge of 98-100%. It is known that the normal pblgsiical pH

of GCF is 7.2 to 7.6 and a mouth saliva pH 6.4.tb The pH of all gel formulation was found to Ineai range of
6.5-7.5 that is between physiological ranges ofgpirhouth saliva. The gel strength of anestheticfgehulation at
37°C increased as the concentration of Pluronic irs@@éaThe mechanism of the increase gel strengthtrivg
related to hydrogen bonding between Pluronic arttiéngel. It is observed that the thickening poafepoloxamer
in water increases as the hydrophobe molecule wéngheases and as the ethylene oxide/propylengeortio
increases IR spectra of drug and polymer showyaritd compatibility of drug and polymer in formudat. Drug

content of all formulation was in the range of th 100.12%. Content uniformity studies showed tha drug
was distributed uniformly in all formulations. Gétm temperature of formulation was in the rang@bf+ 0.7c to

above 41+.3c. Viscosity study of all formulation was in thenge of 4220.58to 80560.82

Table 2: Drug Content, Gelation Temperature, pH, Gestrength and Viscosity of formulation

Viscosity in
Formulation Gelation temperature | pH | (cps) at37 | Drug content % | Gel strength in seconds
+SD
M1(15%/10% ) 41+.3 6.5 42D.58 99.82+.12 42
M2 (17%/10%) 34.2+0.5 6.7 3258.25 99.68+.26 76
M3 (18%/10%) 36+0.5 6.9 6930.27 100+.12 98
M4 (20%/10%) 28 +0.5 6.3 7346.52 98.19+.45 108
M5 (25%/10%) 24 +0.7 6.4 7788.36 100+.62 140
M6 (30%/10%) 21+0.7 6.9 80%6.82 98.78+.86 170

Stability Study

The formulation M3 showing optimum gelation andceisity at body temperature was selected for thiilgya
study. A sufficient quantity of gel solution in glvials was stored in desiccator's containingratéd solution of
sodium chloride to maintain an approximate relativemidity of 60 + 5%. The desiccator was kept abnmo
temperature (30 + 2°C) and samples were withdrain®, 80, 60, 90 days. The physical stability of tet was
inspected periodically by checking clarity, gel fmrature, viscosity, pH, and drug content.

Table3: Stability study of optimized formulation

Srno | Days| Drugcontent] P | Viscosity | Gelation temperature
1 0 99.98 6.9 693D.27 36 +0.5
2 30 99.95 6.9 6930.27 36 +0.8
3 60 99.93 6.8 6938.27 36 +0.3
4 90 99.91 6.7 693®.27 36 +0.2

Rheological Studies

Viscosity measurement of the formulations &aAd 37c temperatures showed that there was increasesdnsity
with increase in temperature. This indicated themfdion of temperature induced gel structure ofrgalic. At
constant concentration, abrupt changes in visessitiere observed due to sudden rise in micellacergration. At
low temperature region the liquid shows a veryhdlidecrease in viscosity which was attributed ®dkhydration
of PPO blocks of the unimers. With rise in tempamathe unimers start to form spherical micellassazg increase
in intrinsic viscosity as a result of extremely higglvation in the micellar shell.

Invitro Release Analysis

Among the different experimental protocols propofmdthe determinations of drug release profilég dialysis
method was chosen for its simple experimental phoeand high degree of reproducibility. The dieytechnique
could reproduce the situation of a formulation &xplinto the periodontal pocket; in this case, tagrier is
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presumably surrounded by a stagnhant layer, cawssigw diffusion of the drug (i.e., non-sink coimtiis). Kinetic
analyses of in vitro drug release data for all folation were studied. The drug releases was ddfusiontrol as
best fit model was Higuchi's diffusion model. Aid cumulative percent release vs. square rootre filots were
straight lines with correlation coefficients rangifrom 0.9973to 0.9999 (Figure 2, Table 4). Gelatiemperature
studies showed that formulation M3 with 18% F 12d 40% of F68 was found to be most suitable witlatgm
temperature near to body temperature. It was regothat gelation temperature decreased with ineréas
concentration of F 127. The results of in vitrceesde studies showed that with increase in condiemtraf F 127,
the rate of drug release decreased. The releadigffrom the formulated gels was following diffosicontrolled
without swelling. One of the important objectivestinis research was that anaesthetic effect shiastdfor longer
duration for effective completion of SRP and gelatiemperature should be near to body temperaSoethe
formulation M3 was selected as optimized formulafior clinical evaluation.

Table 4: Correlation Coefficient of Higuchi’'s And Peppas Model

Formulation Zero Higuchi's Pappas’s “n”
Code Order model model values
M1 0.8496 0.9881 0.9689 0.4396
M2 0.8688 0.9988 0.9658 0.4595
M3 0.8499 0.9999 0.9678 0.4994]
M4 0.8731 0.9998 0.9702 0.4815
M5 0.8943 0.9973 0.9756 0.4899
M6 0.8680 0.9979 0.9726 0.4739
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Figure 2: Drug Release Profile of Formulations

Table 5: Clinical finding in patient undergoing SRP

Base line parameter Formulation group0O{N=20}| Placeb group {N=20}
Median age
{ years} 38 (18-58) 39 (21-57)
Gender (numbers)
Male 12 14
Female 08 06
Mean pocket depth (mm) 4.7+0.3 4.940.1
Percent pocket with bleeding 41+28 42+27
Percent hypersensitive teeth 11423 11423
Percent pocket with Pus 0+0 0+0

Clinical Evaluation

The mean age * standard deviation for the groupivig the active gel was 38+10 yrs. and that ckiang the
placebo gel was 39+10 yrs. The median age (rargegdtive was 38 (18-58) yrs. and for placebo wa$23-57)
yrs. The patients in the active gel group had 5 teeth in the treated quadrant with a mean podketh of
4.7+0.3mm. In the placebo group, the patient haol 2 teeth in the treated quadrant with a meanipgobepth of
4.940.1 mm. The mean percentage of pockets withdig on probing was 41+28 in active gel group 42#27in
placebo group. Overall VAS pain score, assessed affmpletion of SRP in the selected quadrant, Wwam in
anaesthetic gel group and placebo gel group wasdfte 21mm. The statistical analysis indicatedeadrtowards
higher VAS pain scores in placebo group during pr@bBut, no such observation was in active gelgrand no
patient required rescue anaesthesia where in mlagebgroup 12 out of 20 patients required resauesthesia.
Anesthesia also helps in reducing bleeding at oiperaite due to its action of constriction of bibwessel. From
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the VRS 75% of subject of test group reported nandd pain. While in the placebo group nearly aditipnts
reported having moderate to severe pain.

DISCUSSION

Various formulations of different concentrationspddironic F127 and F68 was prepared. The gelagarperature
was important criteria in optimization of formulati. It is observed that the gelation of F127 an@ #w@s found
dependent on aqueous solubility of the polymer. vEb&6% w/w concentrated aqueous solutions F127F&&d
exhibit reverse thermal gelation. As the tempemiuacreases, micellar entanglement is promotedlidgato gel
formation and hence overall increase in bulk viggo$emperature plays an important role in theettiecformation
of F127 and F68 through the temperature-dependeination of the ethylene oxide units. Water is gsotient for
PEO as well as PPO chains of polymer at low tentpexs. However, at higher temperature the solyhilitPPO is
reduced and micelle formation occurs. The decréasthe gelation temperature exhibited as F127 a8 F
concentration increased. It may be attributed ® higher number and volume occupied by micellesoaer
temperature. As the concentration of F127 and R6Bases, the gel structure becomes more closekegavith
the arrangement in a lattice pattern. In turn,diseuption of the lattice melting of gel occurshagher temperatures.
Temperature dependent changes in micellar propdnage been related to the reversible thermaligelatf F127
and F68. The subsequent dehydration and increaskdhain friction causes the gel formation. Thenumeenon
may be mediated through modification of micellasasation of the F127 and F68 molecule. The gender
distribution was similar between the active groupd gplacebo group. The statistical analysis of lasel
characteristics in both the groups (active gel grand placebo group), indicated that both the gsompre almost
similar in all the parameters. The statistical gsial showed that VAS and VRS pain scores in theeagel group
were significantly lower than those in the placgoup. So, clinical studies of formulationM3 showtedt, local
anaesthetic gel 5% was overall significant and nadfective than placebo. The results suggestedniegivacaine
HCI gel 5% was clinically effective in reducing SRRin for those patients who perceive the procedorbe
painful.

There is good compatibility between pluronic F12id &68 and mepivacaine hydrochloride In vitro difan of
mepivacaine through the Pluronic gel was slow. e Pluronic F127 and F68 consist of a large pojuulabf
micelles in agueous phase, the incorporated druglreaeleased by diffusion through gel matrix. Dratgase can
be affected by the viscosity of the gel, the sikthe aqueous channels and the distribution ofitlig between the
micelles and the aqueous phase. Mepivacaine refeasethe gel follows the Higuchi square root laMiguchi,
1962) because drug release concentrations incvédséhe square root of the time (r > 0.99). Irstkinetic model,
the release process is dependent on formulatioractesistics. The concentration of Pluronic F12d@ &68 in the
gel has a strong influence on the drug release Irateeasing the amount of polymer in the gel iases its viscosity
and reduces the drug release rate and diffusiofficieat. M4 and M5 formulation show very slow rake rate. M3
formulation was considered as optimized formulatigngelation temperature, release rate and duratiantion of
anasthesia was sufficient for intended purpose.fdBiulation is easy to apply and does not interfeith SRP
shows no clinical signs of mucous membrane irgtatnd its taste does not affect the patient vgiiess to have
the gel at their next visit.

CONCLUSION

The optimized formulation is well tolerated for &dcanasthesia of the peridontium. In the study padjon, the
active gel was overall statistically significantimore effective in reducing pain associated withiqukmtal
debridement for those patients who perceive thequore to be painful. Pluronic gel proved to beranising
carrier for prolong and effective release of meparae hydrochloride throughout the dental procediihe result
for this study suggests that mepivacaine hydroaogel may offer an alternative to injection ahasia.
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