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ABSTRACT

Objective of the present study was to develop avaluate thermoreversible in situ gelling and
mucoadhesive liquid suppositories to improve patieompliance and systemic absorption of diltiazem
hydrochloride. Thermoreversible mucoadhesive ligaugpositories were prepared by adding mucoadhesiv
polymers to a formulation that contained pluronielZ7, pluronic F-68 and diltiazem hydrochloride.
Mucoadhesive polymers such as Carbopol 974P, PoW¢&R-301, hydroxypropyl methylcellulose,
polycarbophil and polyvinylpyrrolidone were invegted to modulate the gel strength and mucoadhesiv
force for diltiazem hydrochloride liquid supposiorAddition of these polymers reinforced the geesgth
and the mucooadhesive force of the prepared ligugpository formulation. Increasing the concerratf
mucoadhesive polymers retarded the release o&zhitn hydrochloride from the pluronic gel. Carboaodl
polycarbophil showed highest retardation of drutgase than other polymers investigated. Diltiazem
hydrochloride formulated as mucoadhesive thermasévie poloxamer solution for rectal administratican
have potential to avoid first-pass effect througal eoute, improve the bioavailability of drug aiccan be
used as a safe and sustained release rectal gediygem to control severe post-operative pain.
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IWTROZD'UC’J?ON 450 CYP3A which results in less than 4% of its oral

e : o : dose being excreted unchanged in urine. Its
Diltiazem hydrochloride (diltiazem HCI) is a . oY .
calcium channgl blocker w(idely prescribzad for Pioavailability is around 30% to 40% owing to an

treatment of arrhythmia, angina pectoris andmportant first pass metabolism and has an
hypertensioh It undergoes an extensive

elimination half-life of 3.5 houfs . Recently it
biotransformation, mainly through cytochrome p.reported, further, that although liver is considete
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be the major organ of diltiazem biotransformationare inconvenient to manufacture and handle since
the extra hepatic organs such as intestine and lungneating process is required for melting the
contribute to the first pass uptake and systemisuppositories and filling them in a vessel. The
elimination of diltiazerft °Nowadays one of the vessel needs to be packaged together to maintali
basic tasks of drug formulation is to develop anthe shape of suppositories until administration.
already existing dosage form in a way which makes To solve the problems of conventional solid
drug release the best possible under the givesuppositories, it would be desirable to develop a
circumstances, that is to enhance bioavailabihty i liquid suppository which: (1) forms a gel at body
this way" "  The other important aim is to widen temperature; (2) has a suitable gel strength nbeto
the choice of products with respect to dosageithat leaked out from the anus after administration; anc
to make a given drug available in as many dosag€3) has a suitable mucoadhesive force so as not t

forms as possibfe reach the end of the colon. As a base of liquid
In a previous study by Diwan et '3l suppositories, poloxamer as a surfactant, copolyme
compressed rectal suppositories of diltiazem HCbf poly(oxyethylene)-poly(oxypropylene)-

were formulated, wherein it was found that thepoly(oxyethylene), has been studied. Poloxamet
relative bioavailability of diltiazem HCI was about solutions (pluronics) are known to exhibit the
75% greater after rectal administration compared t@henomenon of reverse thermal gelation; remaining
oral route. In addition, by virtue of its high lipi as solutions at low temperature and gelling wher
solubility and high partition coefficient, it temperature increases. The temperature —depende
represents an excellent model for rectalgelling process is micellar in nature, being
administration. The formulation of this dosage formconstructed from cubic orientation of micellar
would add to the choice of existing treatmentsubunits®. The micellar mode of association has
methods and would also improve the possibilities obeen useful as drug delivery systém3he reversal
individual cure in cases when the oralthermal gelation exhibited by pluronic aqueous
administration of diltiazem HCI should be avoided solutions has been used as drug delivery system fc
(vomiting, shock, patient with bad compliance, ophthalmi¢®,  parenteralf,  rectal®,  and
patient with parenteral nutrition and elderly percutaneous use. Furthermore, pluronics wert
patients). Other calcium channel blockers whichreported not to cause any damage on mucose
have been studied through rectal route aremembraneS, possessed good drug release
nifedipiné!, and verapanif. characteristics and were compatible with other
However, the conventional solid type chemicals. There have been several attempts t
suppositories often give the patients a feeling oimodulate the gelation temperature of poloxamer-
alien, discomfort and refusal. Furthermore, if thebased liquids. The gelation temperature of these
solid suppositories without mucoadhesivity reachpoloxamer solutions was adjusted by modifying
the end of colon, the drugs delivered by thecross-linking agents and monomers, by mixing the
suppositories might undergo the first-pass effect different series of poloxamers, by changing the
From an industrial viewpoint, solid suppositories weight of poloxamers, or by changing the pH and
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the ionic strength. However, most previous studiesCorporation, Mumbai, India. Carbopol 974P NF
have been focused on modulating only the gelatiomnd Noveon Polycarbophil AA-1 were gifted by
temperatures of poloxamer solutions. There ha&ubrizol Advanced Materials Pvt. Ltd. Mumbai,
been a lack of knowledge on the strength and théndia. Hydroxypropyl methylcellulose and Polyox
bioadhesive force of gelled poloxamers, althoughWSR-301 were generously donated by Colorcon
these two factors are crucial in designing des&rabl Asia Pvt. Ltd. Goa, India. Polyvinyl pyrrolidone
liquid suppositories which do not leak out from the (PVP K30) was obtained from BASF Corporation,
anus and do not reach the end of the colon aftevlumbai, India. All other chemicals were of
administration®.The previous studié% " 22 has research grade.
also reported the mucoadhesive drug delivery
systems of diltiazem HCI in the form of tablets for pETHODS
oral route and transdermal patches; however tisere Preparation of DTZ liquid suppositories:

no report available on mucoadhesive liquid Aqueous diltiazem HCI liquid suppositories

suppositories. Thus in this study, we developed r_loﬁlsing different concentration of PF-127 and PF-68
only temperature-sensitive but also mucoadhesivg "\ arious formulation additives as shown in
liquid suppositories containing diltiazem HCI using Table 1 were prepared by cold method described b

poloxamers and mucooadhesive polymers. TQuescrined by Choi et dl 90 mg of diltiazem HCI

modulate the gel strength and mucoadhesive forcg ¢ issolved in the calculated amount of distilled

of the liquid suppository bases mucoadhes;ivg,\h,ﬂer at room tem -
perature. The method involved
polymers such as carbopol 974P (CP), polyox WSRy 4\, adgition of polymer, drug and other additise i

301, hydroxypropyl methyl_cellulose (HPMC KAM), cold water with continuous agitation. The formed
polycarbaphil gnd ponvmyI_ pyrrohplone (PVP mixtures were stored overnight &t #he diltiazem
K30) were studied. The physicochemical propertie Cl liquid suppository formulation showing

and the release of diltiazem HCI from the prepare atisfactory gelation temperature {3B7) was
poloxamer gel formulations were evaluated. selected as an optimized formulation. Further study
on this optimized formulation was carried out using
MATERIALS additional amount of mucoadhesive polymers
Diltiazem hydrochloride (USP) was a gift namely CP, Polyox WSR 301, HPMC K4M,
sample from Ranbaxy Pvt. Ltd. Goa, India. PluronicPolycarbophil and PVP K30 in the concentrations
F-127 (PF-127) and pluronic F-68 (PF-68) of extra0.5 and 1.0%. The mixtures were left at 4° in
pure grade were supplied by Signet Chemicalefrigerator until clear solutions were obtained.
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Composition of thermally reversible in situ gelliagd mucoadhesive diltiazem hydrochloride liquigmasitories

EVALUATION OF DILTIAZEM
HCL £19UID SUPPOSITORIES

Measurement of gelation temperature:

_ _ Fig. 1 Gel strength-measuring device
Gelation temperature was assessed using the

tube ftilting metho. 2 ml aliquot of gel was Figure represents gel strength measuring device and
transferred to test tubes, immersed in a water atath |gpeled as: (A) weights; (B) device; (C) mess

4° and sealed with aluminum foil. The temperature cylinder; (D) poloxamer gel

of water bath was increased in increments of 1° and

left to equilibrate for 5 min at each new settifige Determination of the mucoadhesive force:

samples were then examined for gelation, which was The mucoadhesive force, the detachment
said to have occurred when the meniscus would NOgtress of the liquid suppositories was determined

longer move upon tilting through 90°. using a modification of the mucoadhesive force-
measuring device used by Choi et*alA section
Measurement of gel strength: was cut from the fundus of sheep rectum and
_ ~instantly secured with the mucosal side out intchea
The gel strength was determined according gjass vial. The vials were stored at 36.5°C for 10
to the method adopted by Choi €t'ab0 g of liquid  min. 1 vial connected to the balance and the other
suppository was put in a 100 ml graduated cylinder fixed with the pluronic gel (0.5ml) added and the
and gelled in a thermostat at 37°. The apparatus fo hejght adjusted so that the gel is placed betwien t
measuring the gel strength (weight 35 g) was thenmycosal sides of both vials (Fig 2.). Water from a
placed into the liquid suppository. The gel stréngt pyrette was allowed to fall in a beaker at a contsta
was determined by the time in seconds the apparatusate of 10 mg/sec. Increasing weight wéter
(Fig 1.) took to penetrate 5 cm down through thle ge  3qded gradually would detach the two Isvia
Mucoadhesive force, the detachment stress
(dyne/cm?), is determined  from the  minimal
weights of water that detached the 2 vials.
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Fig. 2 Mucoadhesive force measuring device

Figure represents mucoadhesive force measuringcdeand labeled as; (A) Light plastic glass; (B)
Burette; (C) Upper glass vial; (D) Lower glass viélE) Rectal membrane; (F) liquid suppository; (G)
Modified balance

pH: against blank reagent using UV/Vis spectrophotomete
The pH values of the liquid suppository(Perkin Elmer, Lambda 25, Mumbai). Drug content
formulations were determined by using calibrated pldtudies were carried out in triplicate for eack

meter (Equip Tronics, Mumbai) formulation batch. The concentration of the drug
present in formulation was computed from the equati
Drug content estimation: obtained from calibration curve.

One ml of the solution was pipetted and
dissolved in about 70 ml of phosphate buffer (p#) 7. In vitro release of DILTIAZEM HCI from the rectal
in a 100 ml volumetric flask. The flask was shakan solutions:

10 min and volume made up to the 100 ml mark. After The in vitro drug release studies from the
shaking for 2 min, the solution was filtered; réjeg prepared rectal solutions were monitored by usigg U
first few ml of the filtrate. From the above soburtj 1 Il dissolution apparatdd 2° (Labindia, Mumbai). An

ml was transferred to a 25 ml volumetric flask anémount of rectal solution (5 ml) equivalent to 99 of
diluted up to the mark with phosphate buffer. Theliltiazem HCI was inserted into a semi permeabls
absorbance of this solution was recorded at 237 neellulose membrane bag tied from both ends. Th

6
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membrane bag was then connected to the paddle of thody temperature at a specific concentration. Reoygy
dissolution tester and immersed in 500 ml of phasph glycol was used as a humectant to maintain th
buffer pH 7.4 maintained at 37 + 0.5The speed of consistency for a long period of time and sodiun
rotation of the paddle was adjusted at 100 rpnchloride was used to adjust the tonicity and todothe
Aliquots of 5ml were withdrawn from the releasegelation temperature. CP, Polyox WSR 301, HPMC
medium at 1h time intervals upto 8 h and analyzged K4M, Polycarbophil and PVP K30 in the
UV/Vis spectrophotometer at 237 nm. The experimentoncentrations 0.5 and 1.0% were wused a
were conducted in triplicates. The results are show mucoadhesive polymers required to modulate the g
Figs. 3 to 4. strength and increase the residence time of thégel
adhering to rectal mucosa (Table 1).

Data treatment:

To analyze the mechanism of drug release frorfvaluation of DILTIAZEM HCI liquid suppositories:
the liquid suppository formulations, the releasd¢ada Gelation temperature
were fitted according to various kinetic equations Gelation temperature is the temperature a
namely, the zero-ord€y first-ordef®, Higuchi-square which the liquid phase makes a transition to gel.
root®and Korsmeyer-Peppas equatfbn gelation temperature range suitable for liquic

suppository would be 30-36°. If the gelation

Statistical analysis: temperature of liquid suppository is lower than ,30°

The data were analyzed by using two-wayelation occurs at room temperature leading ti
analysis of variance (ANOVA). P values lower thardifficulty in  manufacturing, handling  and

0.05 were considered statistically significant. administering. If the gelation temperature is higian
36°, the suppository still stays as a liquid at yod
Stability study: temperature, resulting in leakage from the anus

Liquid suppository formulations containing Therefore, liquid suppository must have the sudabl
1.0% mucoadhesive polymers were tested for stabiligelation temperature between 30-36°, to be inw@diq
under the actual condition of storage (refrigeratioform at room temperature and to form a gel phas
condition). Gels were stored in clean, dry, aittighinstantly in the rectuf,
moisture proof bottles, kept away from light. Thel g During preliminary work the rectal gel
samples were withdrawn after 30 days and evaluatedntaining less than 20 % w/w PF-127 did not gerov
for gelation temperature, gel strength, mucoadleesithe temperature range tested (up td’)5and that
strength, pH and drug content. increasing PF-127 concentration, by an incremehts
RESULTS AND DISCUSSION 2-3%, the gelation temperature of solution is dased.
On the other hand, PF-68 in the tested concemistio
o _ (0-7%) failed to give the suitable range of gelatio
Liquid suppository development: temperature, where all the recorded temperatungesal
Liquid suppository formulations of diltiazem \yere >50 and a gelation started to be observed 4t 4¢
HCl were prepared by using PF-127 and PF-68 &ith a 10% solution of PF-68. Increase in the PF-6
thermoreversible polymers in a mixture which gela a
.
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concentration decreases the gelation temperatdre. Tpreliminary studies formulation containing PF-12/P
previous finding indicates that neither PF-127 Ré+ 68 in the ratios of 20/10%w/v was selected as a

AND MUCOADHESIVE

DILTIAZEM HYDROCHLORIDE LIQUID SUPPOSITORY

68 alone could provide gelation at the physiologicaoptimized formulation for further study since itosted
temperature. A modulation of the gelation tempegatu a gelation temperature in the range of 30c36Table

to reach the desired range (333@ould be achieved 2). This revealed that PF-127 is the main polyme
through the use of a combination of the two pologam determining the gelation temperature of the sotutio
grades. At concentration of PF-127 (20%), it wasfb and might be explained on the basis of its highe
that the gradual increase in PF-68 concentratioa wanolecular weight (average molecular weight 12,500
accompanied by a concomitant decrease in the gelaticompared to that of PF-68 (8,600) and its highe

temperature of the prepared rectal gel. Thus durirgmount in the formulation.

www.ijpbs.net

Table No 2

Gelation temperature of nieated liquid suppositories.

Pluronics Concentrations of *Gelation temperature
pluronics (°)+S.D
PF-127 (15%) >50
(17%) >50
(20%) 44+1.20
(21%) 32+0.34
(22%) 23.5%0.96
PF-68 (5%) >50
(7 %) >50
(10%) 48+1.10
(15%) 41+1.50
(PF-127/PF-68) (15%/ 5%) >50
(15%/ 7%) >50
(15%/ 10%) >50
(17%/ 5%) 50.5+0.50
(17%/ 7%) 47+0.20
(17%/ 10%) 44+1.0
(20%/ 5%) 42+1.0
(20%/ 7%) 39+0.75
(20%/ 10%) 35.5+1.20
(21%/ 5%) 29+1.0
(21%/ 7%) 26.5+0.83
(21%/ 10%) 21.7+0.25
8
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Table No. 3

Effect of mucoadhesive polymers on the drug releagelation temperature, mucoadhesive force

GELLING AND MUCOADHESIVE

DILTIAZEM HYDROCHLORIDE LIQUID SUPPOSITORY
*Denotes average of three determinations

and gel strength on liquid suppository formulations

IN SITU

Code *Drug Release *Gelation *Gel *Mucoadhesive pH *0%6Drug
after 8h temperature strength force Content
(%) °) (s) (dynes/cnf*10?) +S.D
+S.D +S.D +S.D +S.D
FO "95.83£1.9  3567+0.3 8.33+2.52  24.04+1127 6.57 101.83+1.23
F1A 84.76+1.6  32.0+1.0 67.0#3.61  175.89+9.44 6.98 99.16+0.85
FiB 72.28+1.83  28.5+0.5 114.0#3.0 319.03+13.33 6.70 98.67+1.15
F2A 86.55+1.36  33.5+0.5 31.33+2.8  109.82+11.89 6.83 99.33+1.61
F2B 76.63+1.70  31.5+0.71 46.67+1.5 210.15+15.27 6.28 99.57+1.12
F3A 91.03+1.24  34.0+0.62 39.67+1.5 77.28+16.85 6.42 99.75+0.99
F3B 80.34+1.94  32.0+1.41 75.0+2.65  141.08+7.87 6.29 98.25+0.72
FAA 77.71%¥1.39  30.67+0.58 57.67+3.1  150.90 +15.55.01 99.96+0.84
F4B 60.58+2.30 27.75+1.06 93.33+3.2  243.85+90.75 6.89 98.98+1.24
FSA 94.46+1.80 3525+0.35 14.33+1.5 47.14+10.66 6.98 100.74+0.49
F5B 87.3241.83  34.0+0.78 24.0+1.73 55.58 #8.33  6.95 99.79+1.21

FO to F 5B represents the various formulations dfiéxem HCI.
*Denotes average of three determinations
*Cumulative percent drug release of formulation F@m®5 h.

soluble but differ in their nature and charge. Th

To reinforce the gel strength and mucoadhesivaddition of mucoadhesive polymers lowered the geiat
force of the rectal solutions, mucoadhesive polymertemperature of all rectal gel formulations (Tab)e The

were further incorporatétl The different mucoadhesive impact of mucoadhesive polymers on the gelatic

polymers used in this study are either swellableraer  temperature was found to depend on their nature a

9
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concentrations. Increasing the concentration of ahy strength of poloxamer mixture in a concentration-
the used bioadhesive polymer from 0.5% to 1.0%ependent manner. Out of the five mucoadhesive
produced a gradual decrease in the gelation temgperapolymers, CP exhibited higher gel strength. In
of rectal gel. comparison of formulation containing no bioadhesive
In comparison to formulation containing ndhe average increase gel strength noticed withthall
mucoadhesive polymers, the mean average decreasbi@adhesives used can be arranged in the following
the gelation temperature noticed with all the regel order, PVP K30< Polyox WSR-301< HPMC K4M<
formulations, containing 0.5 and 1.0% of differenPolycarbophil< CP (Table 3).The large increaseeh g
mucoadhesive polymers, was found to be as follondrength caused by the addition of CP might be
Polycarbophil> CP> Polyox> HPMC K4M> PVP K30. attributed to the strong cross-linking bonding d? C
This order of arrangement correlated well with with the cross-linking reticular poloxamer gel fong
the viscosity of polymers present in all the more closely packed micelf8s The mechanism of the
formulations. The direct relation between gelation increase incase of other mucoadhesive polymerstmigh
temperature and viscosity of polymer solution hesrb  be related to hydrogen bonding between pluronic and
reported by Jeong et 3l The gelation temperature bioadhesive polymers in the rectalel
lowering effect of mucoadhesive polymer could be
explained by their ability to bind to the Measurement of the mucoadhesive force
polyoxyethylene chains present in the pluronic Mucoadhesive force means the force with which
molecules. This will promote dehydration, causimg a liquid suppositories bind to rectal mucous lining a
increase in entanglement of adjacent molecules an®6.5°. Since rectal mucous lining consists of
extensively increasing intermolecular hydrogen oligosaccharide chains with sialic acid, the polygne
bonding which will lead to gelation at lower with hydrophilic groups such as the carboxyl and

temperatur& 3* hydroxyl groups can bind strongly to oligosaccharid
chains, resulting in strong bioadhesive force. The
Measurement of gel strength stronger the Mucoadhesive force is, the more it can

In the development of liquid suppository, the prevent the gelled suppositories from reachingethe
gel strength is important in finding the conditiwhich of the colon, the pathway for the first-pass eff&utt if
allows the easy insertion of the suppositories aad the mucoadhesive force is too excessive, the gel ca
leakage from the anus. At high gel strength, it isdamage the rectal mucous membfanérherefore,
difficult to insert the suppositories. On the otiand, liquid suppositories must have the balanced
at low gel strength the suppositories leaked frowm t mucoadhesive force. The force, with which diltiazem
anug®. It has been previously reported that the optimalHCI rectal gel is bound to sheep rectal mucosa, is
in situ gelling and mucoadhesive liquid suppositories obtained by modified pan balance method (Fig. 2).
must have suitable gel strength, in the range db13D
seconds. In the present investigation, the addition of difa

In the present study it was found that, the bioadhesive polymers reinforced the mucoadhesive
addition of mucoadhesive polymers increased the geforce of the rectal gel and the mucoadhesive force

10
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significantly increased as the concentration of cumulative percentage drug released and the pagent
mucoadhesive polymers increased from 0.5 to 1.0%drug retained by the formulation in the in the itros
(Table 3). The mucoadhesive polymers could berelease studies were based on the mean contehe of t
arranged according to their mucoadhesive forcedrug presenting the respective formulations. Trstste
enhancing effect at 1.0% concentration of recthlage  were done in triplicates and the content unifornwgs
CP> Polycarbophil> Polyox WSR-301> HPMC K4M> found to be uniform in all the formulations.
PVP K30.The mucoadhesive force of the liquid
suppository formulations was found to be functidn o In vitro release of DILTIAZEM HCI from liquid
nature and concentration of polymers; the findiags  suppositories
in consonance with the literature. Increasing the
polymer amount may provide more adhesive sites and The effect of mucoadhesive polymers on the
polymer chains for interpenetration with mucin, release of diltiazem HCI from liquid suppository sva
resulting consequently in  aggrandization of illustrated in Fig. 3 and 4. In the present studwas
mucoadhesive strength.The mechanism of thefound that the plain gel (FO) containing no
mucoadhesion enhancing effect of different polymersmucoadhesive polymer, released around 95% of the
might be related to hydrogen bonding between thedrug within 5h. The addition of mucoadhesive
liquid suppository base and the mucosal membrangolymers retarded the drug release from all other
(glycoprotein) via carboxyl groups in the mucoadves formulations. The retardation of drug release also
polymers®. The mucoadhesive force-enhancing effect occurred with an increase in the concentrationthef
of HPMC could be explained based on the theoryvarious mucoadhesive polymers (Table 3). Among the
postulated by Liu and CRlthat, cellulose derivatives five different mucoadhesive polymers studied,
having many hydroxyl groups promote dehydration of polycarbophil showed the highest retardation ofgdru
poloxamers and consequently the hydrophobicrelease, whereas PVP produced the least retardatior
interactions between the poly(oxypropylene)bldks These various mucoadhesives can be arrangec
according to their release-retarding effect asofed:

pH Polycarbophil >CP >Polyox WSR-301> HPMC K4M>

The maximum pH of all the formulations was PVP K30. This order of arrangement correlated well
found to be 7.01 and the minimum was 6.28 (Table 3) with the gel strength and the gelation temperature-
The results reveal that all formulations had pHueal lowering effect of these polymers as previously
close to rectal pH range. Hence, they may not predu mentioned.
any irritation of the rectal mucosa.

Drug content uniformity

The drug content uniformity was calculated for
all formulations, the results of which are shown in
Table 3. For the various formulations the drug eant
uniformity varies from 98.25 to 101.83%. The

11
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suppository formulationsF0 [plain gel](-+-), F1A

The

in

vitro

release

profiles
DILTIAZEM HCI from FO, F1A, F1B, F2A and
F2B.Release profiles of DILTIAZEM HCI from liquid

[Carbopol, 0.5%] (- -), F1B [Carbopol, 1.0%] (¢-),
F2A [Polyox, 0.5%] (e-) and F2B [Polyox, 1.0%)] (-

A -). Each data point represents mean £SD (n = 3).

Fig 4

HCI from F3A, F3B, F4A, F4B, F5A and F5B.
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The in vitro release profiles of DILTIAZM

), F4B [Polycarbophil, 1.0%] &- ), F5A [PVP,
0.5%] (=-), and F5B [PVP, 1.0%] (A-). Each data
point represents mean +SD (n = 3).

The retarding effect of these mucoadhesive
polymers could be attributed to their ability t@iease
the overall product viscosityas well as their ability to
distort or squeeze the extra-micellar aqueous a¥ann
of poloxamer micelles through which the drug difsis
thereby delaying the release pro¢&3e null effect of
PVP on diltiazem HCI release may be attributedlypart
to the low viscosity of the K-30 grade used in this
study, and partly due to its water soluble natuhgéciv
allowed more rapid penetration of dissolution fluitb
the product initiating product surface
dissolution/erosioft. The increase in gel strength and/
or molecular interaction between diltiazem and
polymers also appeared to be one of the factors
involved in the retarded release of the drug by the
addition of mucoadhesive polymers. According to the
release data, it was thus possible to modulate the
release of diltiazem by adjusting the concentratbn
the polymer to obtain a sustained drug releaseil@rof
for 8h. It could be concluded that, the addition of
different mucoadhesive polymers in different
concentrations retarded the release of diltiazem HC
from liquid suppositories. This mainly dependedtiom
viscosity of the polymer added and its concentratio
Analysis of drug release data

The kinetic parameters are shown in Table 4. It
is evident from the table that the drug releasegss is
not zero-order in nature. This indicates that the
dissolution rate of the drug is independent of the
amount of drug available for dissolution and diftus
from the matrix (Fig. 3). The dissolution data df a
formulations when fitted in accordance with thestfir

Release profiles of DTZ from liquid suppository order equation it is evident that a linear relastuip
formulations; F3A [HPMC, 0.5%]

[HPMC, 1.0%)] (-0-), F4A [Polycarbophil, 0.5%] ¢-

www.ijpbs.net

(0-),

F3B
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was obtained with ‘r" (correlation coefficient) wal
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close to unity and higher than ‘r' obtained frometh formulations showed high linearity (r: 0.9795 to
zero-order equation for all formulations, showimgtt  0.9992), with slope (n) values ranging from 0.5@69
the release is an apparent first-order processs Thi0.7500. The ‘n’ values for all formulations (except
indicates that the amount of drug released is digr@gn F3B) were greater than 0.5 indicating an anomatous
on the matrix drug load with formulation FO bestirfig non-fickian release suggesting a coupled erosion -
according to the first order kinetics (Fig. 4). As diffusion mechanism. Formulation F3B(HPMC K4M,
concentration reduces on drug release, the diffiasio 1.0%), showed ‘n’ value close to 0.50 indicatingtth
path increases resulting in drug release at adiltiazem HCI might be released by Fickian diffusio
comparatively slower rate in the later phase, fitisg (Higuchi model) through extracellular aqueous clegnn
into Higuchi’'s kinetics. All the formulations in ith  of the gel matrix.. This was in agreement with the
investigation could be best expressed by Higuchi'sresults reported by Suh and ¥uwho studied the
classical diffusion equation, as the plots showigh h release profile of naproxen from PF-127 gels. The
linearity (r: 0.9705 to 0.9983). The linearity bktplots  release of diltiazem HCI was found to be througtisex
indicates that the release process is diffusion-micellar aqueous channels of the gel matrix which
controlled. To confirm the diffusion mechanism, the means the outer layer of poloxamer cross-linking
data were fit into Korsmeyer-Peppas model. All the system (poloxamer micell€)
Table No. 4
Kinetic values obtained from different plots of thiguid suppository formulations

Zero order  First order Higuchi’'s Korsmeyer —Peppas plot

Code plots plots plots

ra r2 ra r]b ra

FO 0.9120 0.9949 0.9919 0.5931 0.9974
F1A 0.9483 0.9930 0.9925 0.6083 0.9988
F1B 0.9762 0.9951 0.9784 0.6882 0.9965
F2A 0.9628 0.9824 0.9778 0.7180 0.9988
F2B 0.9780 0.9826 0.9705 0.7906 0.9991
F3A 0.9024 0.9853 0.9992 0.5235 0.9985
F3B 0.8769 0.9905 0.9989 0.5059 0.9976
F4A 0.9796 0.9945 0.9716 0.7500 0.9948
F4B 0.9711 0.9978 0.9811 0.7196 0.9984
F5A 0.9131 0.9808 0.9983 0.5442 0.9992
F5B 0.9859 0.9914 0.9869 0.6438 0.9795

FO to F5B represents the various formulations dfi&zem HCI
Correlation coefficient
PThe diffusional exponent is based on Korsmeyer-&eppuation, MM..= kt".
13
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Statistical analysis 1.5°) in the gelation temperature of the formulatior
Statistical analysis (ANOVA) revealed that the studied. In the rectal drug delivery through a iiqu
five different polymers and their two different suppository  formulation, gel strength and
concentrations (0.5% and 1.0%) used in the presemiucoadhesive force is also required to retain tr
study had a significant (p< 0.05) effect on thevitro  formulation at the point of application. The result
drug release, bioadhesive strength and gel strength indicated that the formulations did not show anyana
changes in gel strength and mucoadhesive force wh
Stability study stored under cool condition (2 t6)8The gel strength
Formualtions containing 1% of mucoadhesiveand mucoadhesive force studies were done after p
polymers were subjected to stability studies at &.— warming the formulation at 37 Thus above results
The pH and drug content results indicated thatetherindicated that refrigeration condition (2 td)8was
was no significant change in the diltiazem HCI ieju suitable for the storage of the liquid suppositon
suppository formulations after 30 days when comgareformulations (Table 5).
with the initial values. There was slight decref@xé —
Table No. 5.
Stability study data of formulations containing 190 of mucoadhesive polymers at refrigeration
condition (2 — 8)

Code *Gelation  *Gel strength *Mucoadhesive force pH *06Drug
temperature (s) (dynes/cnf*10?) Content
(°)£S.D +S.D +S.D +S.D
FiB 27.5+1.21 123.0+2.4 59.27+3.0 6.30 98.21+1.12
F2B 31.0+0.29 52.67+1.03 42.09+1.53 6.23  97.67+0.92
F3B 31.0+1.10 77.0£1.35 26.92+1.39 6.86  99.75+0.85
FAB 27.20+1.46 101.47+2.90 49.63+1.15 6.54  98.10+1.23
F5B 33.50+1.52 31.0+0.47 12.01+2.4 6.16  98.73+1.62
F1B to F5B represents liquid suppository formulai®f diltiazem HCI containing 1.0% of mucoadhes
polymer

*Denotes average of three determinations

CONCLUSION drug stability. Overall formulation F3B (1.0 %
The designed formulation exhibited HPMC) showed satisfactory results for the
excellent physiochemical properties, dissolutionP@rameters evaluated and produced a drug release

profile and performance efficacy with adequateOf 80% at th(_e end O.f 8 h Thi_s vv_o_rk needs_, to be
proved effective by its bioavailability, preclinica

14
www.ijpbs.net Novel drug delivery system



ACKNOWLEDGEMENTS

\e
|@|

FORMULATION AND EVALUATION OF THERMOREVERSIBLE

International Journal of Pharma and Bio Sciences V1(1)2010

IN SITU

GELLING AND MUCOADHESIVE

DILTIAZEM HYDROCHLORIDE LIQUID SUPPOSITORY
and clinical studies thus providing platform for 6. Dhanaraju MD, Kumaran KS, Baskaran T,
further development and optimization.

The authors are thankful to Ranbaxy

Laboratories (Goa, India) for providing the gift
sample of diltiazem HCI. Authors are also thankful

to Colorcon Asia Pwvt.

Ltd (Goa,

Lubrizol advanced materials (Mumbai, India) for
the gift samples of bioadhesive polymers.

REFERENCES

1.

Buckley MMT, Grant S, Goa KL. MC Tavish
D, Sorkin EM. Diltiazem: A reappraisal of its
pharmacological properties and therapeutic use.
Drugs 1990; 39:757-806.

Chaffman M, Brogden RN. Diltiazem: a review
of its pharmacological properties and
therapeutic efficacy. Drugs 1985; 29:307-454.
Hermann P Rodger SD, Remoner G, Thenot JP,

7.

India) and *-

Moorthy MS. Enhancement of bioavailability
of griseofulvin by its complexation with beta-
cyclodextrin. Drug Develop Ind Pharm 1998;
24:583-587.

Usayapant A, lyer BR, The effect of 2-
hydroxypropyl-beta-cyclodextrin on in vitro
drug release of steroids from suppository bases.
Drug Develop Ind Pharm 1999; 25:387-390.
Sznitowska M, Gajewska M, Janicki S,
Radwanska A, Lukowski G. Bioavailability of
diazepam from aqueous-organic solution,
submicron emulsion and solid lipid
nanoparticles after rectal administration in
rabbits, Eur J Pharm Biopharm 2001;52:159—-
163.

Berko S, Regdon G, Duczab E, Falkay G, Eros
[. In vitro and in vivo study in rats of rectal
suppositories containing furosemide. Eur J
Pharm and Biopharm 2002; 53:311-315.

10.Diwan PV, Rao PR, Kumar DV. Comparitive

pharmacokinetic evaluation of compressed
rectal suppositories of Diltiazem Hydrochloride
in Rabbits. Indian J Phamacol 1998;30:191-
194.

London DR, Morselli PL. Pharmacokinetics of 11.1to K, Ueda K, Owada E, Kurosawa N,

and oral
Pharmacol

intravenous
Eur J Clin

diltiazem  after
administration.
1983;24:349-52.

Takahashi A, Kikuiri T. Bioavailability of
nifedipine suppository in healthy subjects. Int J
Pharm 1985; 27:81-88.

Homsy W, Lefebvre M, Carille G, Du Souich 12.Hammouda YE, Kasim NA, Nada AH.

P. Metabolism of diltiazem in hepatic and
extrahepatic tissues of rabbits vitro studies.
Pharm Red4995:12:609-14.

in vitro evaluation of
Int J Pharm

Formulation and
Verapamil HCI suppositories.
1993; 89:111-118.

Lefebvre M, Homsy W, Carille G, Du Souich 13.Huang CH, Tokumura T, Machida Y, Nagai T.

P. First-pass uptake of diltiazem in
anaesthetized rabbits: role of extrahepatic
organs. Pharm Rd996; 13:124-8.

15

www.ijpbs.net

Formulation of double-layered suppository for
prolonged stay in lower rectum. Yakuzaigaku
1987; 47:42-48.

Novel drug delivery system



\%

Y International Journal of Pharma and Bio Sciences V1(1)2010

FORMULATION AND EVALUATION OF THERMOREVERSIBLE IN SITU
GELLING AND MUCOADHESIVE

DILTIAZEM HYDROCHLORIDE LIQUID SUPPOSITORY
14.BASF Wyandotte, Pluronic surfactants, diltiazem tablet. Drug Develop Ind Pharm
Product Brochure BASF Corporation, Mount  2000; 26:723—-730.
olive, New Jersey, 1997. 23.Pisal SS, Paradkar AR, Mahadik KR, Kadam
15.Collectt JH, Davies MC. Effect of batch SS. Pluronic gels for nasal delivery of vitamin
variability on molecular properties and in- vivo B12. Part I: Preformulation study. Int J Pharm
release characteristics of pluronic PF-127 gels, 2004; 270:37-45.
J Pharm Pharmacol 1984; 36:52-57. 24.Choi HG, Kim CK. Development of
16.Desai SD, Blanchard J. In-vitro evaluation of omeprazole buccal adhesive tablets with
pluronic F-127 based controlled ocular delivery  stability enhancement in human saliva, J
systems for pilocarpine. J Pharm Sci 1998; Control Rel 2000; 68:397- 404.
87:226-230. 25.Abd ElHady SS, Mortada ND, Gehanne AS,
17.Pec EA, Wout ZG, Johnston TP. Biological = Zaki NM, Taha RA. Development of in situ
activity of urease formulated in poloxamer 407 gelling and mucoadhesive mebeverine
after intraperitonieal injection in the rat. J hydrochloride solution for rectal
Pharm Sci 1992; 81:626-630. administration. Saudi Pharm Journ 2003;
18.Morikkawa K, Okada F, Hosokawa M, 11(4):159-171.
Kobayashi H. Enhancement of the therapeuti@6.Choi HG, Kim CK, Lee. Trials of in-situ
effects of recombinantt interleukin-2 on a gelling and mucoadhesive acetaminophen
transplantable rat fibrosarcoma by the use of a liquid suppository in human subjects. Int J
sustained release vehical pluronic gel. Cancer Pharm 1998; 174:201-207.
Res. 1987; 47:37-41. 27.Shan-Yang L. Effect of excipients on tablet
19.Choi HG, Kim CK, Jung JH, Ryu JM, Yoon SJ. properties and dissolution behoviour of
Development of in situ-gelling and theophylene- tableted microcapsules under
mucoadhesive acetaminophen liquid different compression forces. J Pharm Sci
suppository. Int J Pharm 1998; 165:33-44. 1988; 77:229-232.
20.Gohel MC, Patel MM, Amin AF. Development 28.Ranga KV, Padmalatha DK, Buri P. Cellulose
of modified release diltiazem hydrochloride  matrices for zero-order release of soluble
tablets using composite index to identify  drugs. Drug Develop Ind Pharm 1988;
optimal formulation. Drug Develop Ind Pharm 14:2299-2320.
2003; 29:565-574. 29.Higuchi T. Mechanism of sustained action
21.Gupta R, Mukharjee B. Development aimd medication. Theoretical analysis of rate release
vitro evaluation of diltiazem hydrochloride of solid drugs dispersed in solid matrices. J
transdermal patches based on povidone- Pharm Sci 1963; 52:1145-1149.
ethylcellulose matrices.Drug Develop Ind 30.Korsmeyer RW, Gurny R, Peppas NA.
Pharm 2003; 29:1-7. Mechanisms of solute release from porous
22.Peh KK, Wong CF. Application of similarity hydrophilic polymers. Int J Pharm 1983; 15:25-
factor in development of controlled-release  35.

16
www.ijpbs.net Novel drug delivery system



\%
L\

" International Journal of Pharma and Bio Sciences V1(1)2010

FORMULATION AND EVALUATION OF THERMOREVERSIBLE IN SITU
GELLING AND MUCOADHESIVE

DILTIAZEM HYDROCHLORIDE LIQUID SUPPOSITORY

31.Chaudhari P, Ajab A, Malpure P, Kolsure P, analysis of mucoadhesion: contact angle
Sanap D. development and in vitro evaluation measurement on polycarbophil and pig
of thermoreversible nasal gel formulations of intestinal mucosa in physiologically relevant
Rizatriptan benzoate. Indian J Pharm Educ Res fluids. Pharm. Res. 9: 70-75.
2009; 43(1):55-62. 37.Liu T, Chu B (2000). Formulation of

32.Jeong B, Kim S and BaeY. Thermoreversible homogenous gel-like phases by phase
sol-gel hydrogels. Adv Drug Deliv Rev 2002; transition, J. Appl. Cryst. 33: 727-730.
54:37-51. 38.Ramadan EM, Borg TM, Elkayal MO.

33.Ryu JM, Chung SJ. Increased bioavailability of ~ Formulation and evaluation of novel
propranolol in rats by retaining thermally mucoadhesive ketorolac tromethamine liquid
gelling liquid suppositories in the rectum. J  suppository. African J Pharm Pharmacol 2009;
Control Rel 1999; 59(2):163-72. 3(4):124-132.

34.Gilbert JC, Richardson JL, Davies MC, Palin39.Desai SD and Blanchard J. Evaluation of
KJ and Hadgraft J. The effect of solutes and Pluronic F-127 based sustained-release ocular
polymers on the gelation properties of pluronic  delivery systems for pilocarpine using albino
F-127 solutions for controlled drug delivery. J  rabbit eye model. J Pharm Sci 1998; 87:1190-
Control Rel 1987; 5: 113-118. 1195.

35.Choi.HG, Rhee JD. Effect of Sodium Chloride 40.Suh H, Jun HW. Physicochemical and release
on the gelation temperature, gel strength and studies of naproxen from Poloxamer gels. Int J
bioadhesive force of poloxamer containing Pharm 1996; 129:13-20.
dicofenac sodium, 2001. Int J Pharm 200141.Veyries ML, Couarraze G, Geiger S, Agnley F,
226:195-205. Massias L, Kunzli B. Controlled release of

36.Lehr CM, Bouwatra JA, Bodde HE, and vancomycin from Poloxamer 407 gels. Int J
Junginger HE (1992), A surface energy Pharm 1999; 192:183-193

17
www.ijpbs.net Novel drug delivery system



