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ABSTRACT

Hydroxy propyl methyl cellulose can be used in the development of different drug delivery
technology. Nowadays it is a widely used polymer and different viscosity grade of this polymer is
available. The hydrophilic and hydrophobic form (both variants) of this polymer is also
available. This study includes a review of this polymer on use in different drug delivery system
mosty focusing on more recent devel opments.
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INTRODUCTION

Hydroxypropyl methylcellulose is an odorless arstakess, white to slightly off-white, fibrous
or granular, free-flowing powder that is a syntbethodification of the natural polymer,
cellulose. Specifically, it is a modification ofkali cellulose, which is produced when purified
wood pulp is treated with 18% sodium hydroxide 8olu Methyl and hydroxypropyl ether
groups are introduced into the molecule by readtiegalkali cellulose with methyl chloride and
propylene oxide, respectively. The degree of stligin (DS) of commercial HPMC with these
methoxy and hydroxypropoxy groups will vary depegdon the commercial use and properties
desired. These added groups confer on the molésulenique properties of being cold-water
soluble, while at the same time exhibiting revdestelation when heated and recooled.

The reason for its widespread acceptance inclugeallibility characteristics of the polymer in
gastrointestinal fluid, and in organic and aquesalgent systems, (2) noninterference with tablet
disintegration and drug availability, (3) flexiltiti chip resistance and absence of taste and odor,
(4) stability in the presence of heat, light, airreasonable levels of moisture, (5) ability to
incorporate color and other additives into the fimthout difficulty. The interaction of this
polymer with colorants is rare. HPMC closely apptues the desired attributes of an ideal
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polymer for film coating. When used alone, the pady has the tendency to bridge or fill the
debossed tablet surfaces. A mixture of HPMC witheotpolymers or plasticizers is used to
eliminate bridging or filling problems. This polymés also used considerably in glossing
solutions.

HPMC are cellulose ethers which may be used asb#dss for hydrophilic matrices for
controlled release oral delivery. In tablet masystems the tablet is in the form of a compressed
compact containing an active ingredient, lubricaxtipient, filler or binder. Controlled release
by hydrophilic matrix remains a very versatile taolthe hands of the formulator and we can
only look forward to greater formulation predicatyilas more and more fundamental studies
become available. The matrix may be tabletted fwetrmassed granule or direct compression.

The resulting products are commercially availahldifferent viscosity grades. This polymer is a
material of choice for air suspension and pan-spoaing systems.

HPMC finds use in the food, drug, and the dietanpptement industries. These uses are
described in further detail below. The physicalfoi@l properties of HPMC described above
make these materials useful in the food industrstabilizers of emulsions and foams, as a
replacement for fat and as a non-caloric bulkingnagn foods, as a barrier to oil and in moisture
retention, and as a binder. HPMC imparts littl@oiflavor to food.

The historical record in the literature is not e#iti clear on when HPMC was first introduced

into food or any other commercial use. Howevergenefices point to a US patent on its

preparation having been issued in 1960 to the Dbentical Company, and also to safety data
supported by Dow that date from the 1950s. Thusay reasonably be inferred that large-scale
commercial use of HPMC began in the 1960s and 1970s

It is used in the food industry as a multipurposedfingredient. HPMC is approved by FDA as
both a direct and an indirect food additive, andpproved for use as a food additive by the EU.
JECFA has evaluated the food uses of HPMC andlesttad an ADI of ‘not specified’ for such
uses. HPMC has been shown generally to exhibitrg &v order of toxicity in mammalian
systems. Data show orally administered HPMC, andiifiedl celluloses as a whole, to pass
through the mammalian gastrointestinal tract largehabsorbed and unchanged, behaving
effectively as non-nutritive fiber. Rats have bestposed to HPMC of variable viscosity in
dietary concentrations ranging up to 20—-30% foatans of 90-120 days with little evidence of
adverse effects other than growth retardation athighest doses. Dogs exposed for 90 days to
HPMC at 5% of their diet exhibited no adverse a@ffe€hronic data on HPMC, specifically, as
well as on other modified celluloses, indicate tthetse materials do not possess mutagenic or
carcinogenic potential; neither do they behave egldpmental and/or reproductive toxicants.
HPMC and modified celluloses have not been repatedritants or sensitizers.

Exploration of use of HPMC:

Use of HPM C in ophthalmic treatment:

Phacoemulsification is a procedure of cataracteyrg/here high intensity ultrasound energy is
used for the fragmentation and emulsification of ttataractous lens. This will cause high
vibration in the tissue surrounding the anterioarober of eye. To prevent this, Ophthalmic
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viscosurgical device (OVD) is injected in the amerchamber and in the capsular bag during
phacoemulsification procedure. An OVD 1(Maar N.aBt 2 (Kiss B., et al) acts as a cushion
between the instruments and the tissues. An OVD: imeguire two special properties such as
pseudoplastic behavior (low resistance to flow whpplied at high shear rates and at the same
time the formulations would not flow at rest orlatv shear rates) and possess appropriate
viscoelastic properties i.e. high elastic and wiscmoduli. HPMC is a major component in many
commercially available OVD (such as OcuédaMaltese et al. 3 (Maltese A., et al) have made
a comparison between commercially available OVDne@ Viscoats and binary systems of
HPMC with natural polysaccharides, a polyanionie,dmyaluronate (SH), or a polycationic one,
chitosan glutamate (CG). HPMC at 0.8% and SH a02f8rm the formulation of best
mechanical performance with highest zero sheaosiscand entangled solution behavior. This
combination has all the required properties as @VEataract surgery.

Biomaterials 4 (Colthurst M. J., et al) are usetessively in the surgical treatment of posterior
segment eye disease, especially in the repairtiobteletachment eye disease. Biomaterials will
provide support 5 (Schepens - Acosta) that is reduin retinal detachment surgery as a
tamponade agent and will sustain drug release ghigggMetrikin - Anand) in the management
of infections of the posterior segment. Aqueousitsmhs of polymers will not act as tamponade
agent. Solutions of viscoelastic polymers will hotd the retina in position so sealing of retinal
break and retinal reattachment will not be obtairfd they are having greater biocompatibility
than other available tamponade agents and proesdsives useful in front of the eye treatment
7 (Chan I. L., et al), 8 (Le Bourlais C. A., et,&8)(Sintzel M. B., et al). For the reasons stated
above, use of HPMC solution has been investigatedl alone it is not suitable as a good
tamponade agent. Its viscosity will fall very rdgidavith dilution. Colthurst M. J., et al have
investigated the intraocular behaviour of a 2.2%itgan of HPMC. After 6 weeks, 70% of the
polymer was in the vitreous cavity and after 10 kge¢he concentration was negligible. In spite
of this, they have concluded that HPMC among tinerobiomaterials have an important role in
an intraoperative tool and in combination with etbh@material agent they must will act as an
excellent tamponade agent.

Ocular drug delivery among the other drug deliveygtems is still a most challenging task for
most researchers. Drug can be administered inithar &y topical or systemic route. But topical
formulations are easy to administer and also i¢owf cost. It is a common method of drug
delivery to eye 10 (Lang J. C., et al). But it iainty used to treat disorders affecting the anterio
segment of the eye 11 (Leeand - Robinson). Thismssiitable for the disorder affecting posterior
segment of eye. Only a subtherapeutic dose maytipéméo the cornea by passing through the
anterior segment against the flow of aqueous humama diffusing throughout the vitreous.
Systemic administration is often not feasible bseaonly a small percentage of drugs can
penetrate through the blood-retinal and blood-agsidmarriers which isolate the vitreous 12
(Cunha-Vaz J. G.,). Retinitis pigmentosa (RP) isirdrerited retinal degeneration-associated
blindness 13 (Shintani K., et al) which affects geeliatric and young adult population. Diabetic
retinopathy, age-related macular degeneration (AMD)he principle cause of blindness 14
(Klein B. E. K.,) 15 (Kaufman S. R.,) in middle-abeorking adults. This will affect a large no
of population. All these pathological conditionrésponsible for irreversible photoreceptor death
or loss of function. These all will instigate foeaching new useful therapy. Hydrogels based
materials are investigated to develop new improgedlar delivery. Hydrogel systems are
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formed by three-dimensional polymeric networksptesence of water or biological fluid they
will imbibe and will remain for a significant timi@ the vitreous cavity. Residence time can be
enhanced. This residence time depends on pH, tatoperand type of polymer. Poloxamers,
HPMC are widely used polymer. But poloxamer is hgvlower mechanical strength, rapid
erosion and non-biodegradability 16 (El-Kamel A.,)HOligomerization is a process for
changing the critical gelling temperature of poloas. HPMC 17 (Ruel-Gariepy - Leroux) goes
for gelation at higher temperature due to the adkon between hydrophobic components of the
polymer. HPMC is also being diluted resulting loweechanical strength. So research is going
on to address this problem and changing in crigedling temperature may be a solution to this
problem.

Then targeted controlled delivery of drug with plgé stable gel will be obtained. Gaudana et
al. have shown use of HPMC in currently availabifecknt hydrogel based drug delivery
system 18 (Gaudana R., et al) such as Hydrogeltiflsxacin is drug and Alginate, HPMC are
used as polymer. Here Mechanism of gelation isligependent 19 (Liu Z., et al).

Hydrogel 2:Ofloxacin is drug and carbopol 940, HPBI€ used as polymer. Here Mechanism of
gelation is pH depependent 20 (Srividya B., et al).

Hydrogel 3: Puerarin is drug and carbopol, HPMC ased as polymer. Here Mechanism of
gelation is pH depependent 21 (Wu C., et al).

Systemic Cyclosporine A (CsA) administration willvest graft rejection after organ
transplantation. In the eye, CsA is also used Hertteatment of autoimmune diseases, uveitis,
Bechet’s disease, keratoconjunctivis sicca, andeadtransplantation 22 (Mochizuki - DeSmet).
Systemic effects of CsA can be avoided by usingceddormulations and very less amount of
this will penetrate to blood stream after topicdirenistration. Different topical formulations an
alpha-cyclodextrin vehicle 23Aba R. M., et al, vegetable oils 24BenEzra - Maftzi,
liposomes 25Rleyer U., et g| collagen shields 2&K&npolat A., et gl micro- or nanospheres,
and oil in-water emulsion are developed to improegalar CsA penetration. Kuwano et al. 27
(Kuwano M., et al 2002) have formulated ophthaldmomulations containing hydroxypropyl
Methylcellulose (HPMC, 65SH4000 grade) using polc¥) stearate as a solubilizer for CsA.
They have concluded that topical instillation oé taqueous formulation was superior to that
after instillation of an o/w emulsion and an oilyrhulation. An ocular pharmacokinetic study
using 3H-CsA showed the distribution of CsA in @gultissues, such as cornea, bulbar
conjunctiva, and lacrimal gland, after. They hauggested that this aqueous CsA ophthalmic
formulation will be clinically useful in the treaemt of immune-mediated ophthalmic diseases.
So HPMC is playing an effective role in aqueousisoh formation for topical treatment of eye.

Eye is an easily accessible organ but deliveryrafdo the eye site is a very challenging task.
Eye posses some self-protective mechanisms. Théegik® mechanisms are lacrimal
secretion/drainage and blinking reflex and this tgetive action will reduce the drug
concentration into the eye within the first 4-20nnafter administration. As a result sub-
therapeutic dose will be achieved and it is noefective to treat the eye disorders. To get the
desired activity, frequent instillation is need&ebveral attempts have been made to overcome
this problem. One of them is the prolongation of ttontact time of the dosage form on the
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ocular surface and thus it will reduce the amodimimination of drug 28 (Bourlias C. L., et al),
29 (Ding S.,). Many researchers have developeéréiit dosage forms such as inserts, collagen
shields, temperature sensitive in situ-forming dé (El-kamel A. H.)), liposome 30
(Nagarsenker M., et al) and microsphere and namosB1 (Zimmer A., et al). Liu and Wang 32
(Liu - Wang) have worked on ophthalmic drug delweehicle. They have worked on some
mucoadhesive polymers such as such as hydroxyprapgthylcellulose (HPMC),
carboxymethylcellulose (CMC), Carbopol, and algmnathey have considered these polymers
taking into consideration of patients’ compliancegnufacturing cost, dosage adherence, and
blurring effect of other dosage form. In resulgyhhave shown that HPMC and Carbopol 974P
containing formulation indicated a relatively stgogel structure as well strong interaction
evidence between polymer and mucin. So HPMC in d¢oation with other mucoadhesive
polymer is an effective alternative for drug detivento eye.

The successful use of norfloxacin, ofloxacin, cffingacin, gatifloxacin and levofloxacin for
topical treatment of ocular infection as an eyepdnas led to Cappello et al. 33 (Cappello B., et
al) to check activity of rufloxacin as an alterna¢aeye drop for the same reason. Rufloxacin
(RUF), a broad spectrum oral fluoroquinolone, isvacagainst both gram-negative and gram-
positive aerobic bacteria and also is used ondg-ftaitreatment of urinary and respiratory tract
infections. In present work Cappello et al. haveetlleped topical formulations of RUF using
hydroxypropyl methylcellulose 4000 as a base arstd @hecked the effect of cyclodextrins
(CDs) on the solubility and ocular bioavailabiliof RUF. Finally they have concluded that
significant enhancement of RUF solubility will behgeved by associating the drug with CDs.
Here particularly HP$-CD will form the most soluble complex. They magvh a stability
problem than the other complexes which are formgadmbining with parent CDs but free
from the solubility limitations of the parent CDuirisingly it was observed that the addition of
0.25% HPMC to solutions containing HPED increased the solubilizing effect of this CDdan
help to solubilize more RUF. This will help to foatate a more solubilized complex with a
reduction of the amount of CDs necessary for sbasttion of RUF. 0.3% (w/v) RUF
formulation containing 6.4% (w/v) HB-CD and 0.25% (w/v) HPMC is the most promisimg
formula as an eye drop. So HPMC is also havingyaifstant role in the development of RUF
eye drop.

In situ gel-forming systems are nowadays used wift®l ocular therapeutics. Gupta et al. 34
(Gupta H., et al) have shown the successful usghibdsan- and pluronic-F-127-based, pH and
temperature triggered in situ gel for sustainedlarcdrug delivery and Nanjawade et al. 35
(Nanjawade B. K., et al) also have explored diffiérgpes of in situ gel-forming systems by
different mechanisms (temperature, pH, or ion attie) using different polymers and their
successful use in ocular therapy. Other oculavéglisystems such as ointments, inserts are also
available in the market but they are having certiéadvantages. Ointment will causelarred
vision and insert is having a lack of patient caampte. So they have not got wide acceptance
and these disadvantages have prompted Gupta &t mvestigate the efficiency of combination
of chitosan and hydroxyl propyl methyl cellulosePMC) for the development of sustained
ocular drug delivery system containing the drugotiwh maleate radiolabeled with radioactive
technetium (sodium pertechnetat®TcO4-). Both polymers will form hydrogel. Chitosina
bioadhesive, viscous nature polymer and also vell & penetration enhancer that increases
transcorneal permeation of the drug. But at higtmrcentration they will not produce clear
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solution and upon instillation into the eye, dueMute precipitation of the polymer at pH 7-7.0,
it will cause blurred vision. Chitosan is catiomicnature, it can cause ocular irritation. To get
clear solution and to overcome irritation of ey toncentration of chitosan has been reduced
by adding HPMC, a viscosifying polymer. A highermeation across goat cornea was observed
with chitosan/HPMC-based formulation. Chitosan/HRRESed formulation was also nonirritant
also and will spread over the entire precorneah.afdis formulation was found suitable for
sustained topical drug delivery to eyes.

Different physical or chemical agents, invasion déthogens, ischemia, and excessive
(hypersensitivity) or inappropriate (autoimmunitperation of immune mechanisms will cause
injury to the tissue. As soon as the as the injarjnappened, manifestation of vascular and
cellular response of the host tissue to injury oegcand this is known as inflammation. So
inflammation can be regarded as self defense mexrhaof body and it works by faciliating
immune response and by subsequent removal of aitigeaterial and damaged tissue. Different
chemical mediators like acidic lipids e.g. prossaglins (PGs), thromboxanes, leukotrienes;
vasoactive amines, cytokines etc. are produced frdlammatory cells during inflammation.
Activation of cyclooxygenase pathway is responsibtehe formation of PGs and thromboxanes
and activation of the lipoxygenase pathway will guroe eicosanoids. Non-steroidal anti-
inflammatory drugs (NSAIDs) and Corticosteroids epasidered as potential anti-inflammatory
drugs and they act by by inhibiting the enzymedamyc/genase (COX 1 & COX 2) and by
blocking the enzyme phospholipase respectively. Administration of these drugs to lacu
inflammations is done by topical route as they mewhigher localized drug concentration and
avoids the systemic side effects which are assatwith the oral administration. Indomethacin
ophthalmic suspension buffered to pH 5.6 contaihiydroxypropyl methylcellulose (HPMC) as
viscolizer was observed to be physically and chahyicstable 36 (Vulovic N., et al). HPMC
based containing dicolfenac 33ankar V., et abrovide better ocular tolerance and it can sustain
in vitro drug release up to 9 h. The ocular inseftketorolac based on HPMC (4%) and ethyl
cellulose (3%) were found to sustain ketorolac &timramine release 38 (Jayaprakash P. S., et
al)by zero order kinetics for 22 h.

Use of HPM C asa film, membrane and patch in transder mal and topical for mations:

A number of effective antifungal drugs are avakatar topical and systemic therapy to eradicate
Candida albicans. It is a normal commensal. It eaws common infection in people wearing
dentures and can be severe for patients immunossggut or receiving anticancer radiotherapy
39 (Arendorf T. M., et al), 40 (Davies A. N., et)alSpecially to treat oral candidosis,
chlorhexidine is referred to be used as an adjuacfil Ellepola - SamaranayakeTopical
delivery of this drug in the oral cavity is genéyahccomplished by some traditional dosage
forms, such as solutions and semisolid formulatidie short time of residence of the drugs due
to their rapid dilution by saliva and the swallogireflex will lead to a rapid decline in their
concentration and as a result its use for the sgbéaleeradication of oral fungal infections has
been limited 42%teinberg - Friedma) To encounter this problem, it is necessary tiqng the
therapy and this can be only achieved by increagiegretention time of dosage form in oral
cavity. Various bioadhesive dosage forms such ds, gablets, and films forms have been
recently formulated and have been reported toltgetibove stated advantages ¥#th D. B.,

et al), Juliano et al., 44 (Juliano C., et al their research work have aimed to controlrlease

of chlorhexidine diacetate drug from mono- and dedéyered buccoadhesive films made of
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alginate and/or hydroxypropylmethylcellulose and@hitosan. From in vitro and in vivo
evaluation they have concluded that polymeric filare the promising candidates for the
sustained release of chlorhexidine diacetate indie cavity: When double layered films
(prepared by sticking together a HPMC film and lyinate film) are applied to the oral mucosa
with their mucoadhesive side, high chlorhexidinenaantrations from HPMC layer and,
subsequently, sustained release of drug from tjeat surface will be obtained. So HPMC is
having an important role in forming buccoadhesiirad.

To improve the activity, efficiency, conveniencejdapatient compliance, many drugs are
nowadays delivered through transdermal route thanother conventional route. Transdermal
system is aimed to deliver the drugs at a steagyinéo bloodstream over an extended period of
time. Avoidance of the 'first pass effect’, terminatidrfuother administration if any side effects
are observed, avoidance of degradation of drug tmdig gastric or intestinal fluids, can be
obtained only via transdermal route. Patel et a(P&elD. P.,et al) have aimed to develop a
transdermal film containing furosemide, a potenirelic agent that induces a powerful diuresis,
followed by the loss of sodium, potassium, and Gtiinto urine, by acting on thick ascending
limb of the loop of henle 46 (Giebisch G.,). Loweolecular weight, good lipid solubility, lower
elimination half-life, and lower melting make it @&teal candidate for transdermal formulation.
In their work, they have developed a suitable mditm for furosemide by employing ethyl
cellulose (EC) and hydroxypropyl methylcellulosdypoer and have studied the effect of EC
and HPMC on the physicochemical properties of gtansal film. As the skin is a horny layer,
penetration of drug through skin is very less. Tpiliove the penetrability of drug, chemical
enhancers are added. After completion of worlag been reported that incorporation of HPMC
enhanced the flux of the drug and also was resplensor the swelling coupled diffusion
controlled drug release. Propylene glycol will emt&a the drug penetration through skin.
Another work where the release from hydroxypromiludose based gel containing furosemide
was reported already 4Adyralides G. G., et al So by using HPMC, films can be developed to
deliver furosemide in blood.

Female sexual dysfunction (FSD) is an age-relateapbex medical problem. It was reported to
affect nearly 30—50% of women globally 48 (Laum&nrO., et al), 49 (Spector - Carey) and is
severe for atherosclerosis or diabetes mellitutesed women 50 (Doruk H., et al), 51 (Enzlin
P., et al). In this case, diminished vaginal bldamiv with reduced vaginal lubrication is
responsible for female sexual arousal disorder. singtegy with enhancement of the vaginal
blood perfusion is a way to treat FSD. Many redsens have attempted to develop vaginal
mucoadhesive film that is preferred over other nagdelivery systems such as such as gels and
creams. These delivery systems suffer from leakaggssiness and low residence time. But
bioadhesive films are over this disadvantages inipgppatient compliance. Yoo et al., 52 (Yoo
J., et al) have developed and evaluated NitricexidlO)-releasing vaginal films and have shown
it to be a potential advanced treatment optionféomale sexual arousal disorder (FSAD). Here
also, use of HPMC has been proved to be esseotiafmulate vaginal mucoadhesive film with
controlled release of S-nitrosoglutathione.

Mouth was is generally available in liquid formget instant local action. But use of liquid form
is limited by several disadvantages like problerhshandling, inconvenience of use during
traveling, stability aspects and inconspicuous mnea®B Dinge - Nagarsenkgr Solid dosage
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form is over these advantages. But it will reledsgy in a very slow way and instant action of
drug will not be achieved. To encounter this salebfem, many research works are aimed to
develop fast dissolving tablets that it will allovapid release of drug and also will be
inconspicuous in nature with easy handling. Fasgalving film is an excellent alternative of fast
dissolving tablet 54L(ang - Chel. When it is placed in the oral cavity, it quicldets hydrated
and adheres onto the site of application with quéetkase of drug due to rapid disintegration of
film. Dinge et al in their research work have tritxd develop a fast dissolving film for the
delivery of Triclosan (TC). Triclosan (TC), a btbapectrum antimicrobial agent, is active
against a wide range of gram-negative and grantipediacteria, molds, yeast and even against
parasites that are responsible for malaria andplasmosis. Its broad spectrum activity make it
useful for several personal care products suchoathpaste, mouthwashes, body washes,
antimicrobial creams, lotions and hand soapsNiSsgn - Ochs), 56 (Regos - Hitz), 57 (Surolia
- Surolig. HPMC is a good film former 58¢h - Won@y Here, the fast dissolving films have
been formulated with polymer HPMC. In vitro andvimo evaluation of the HPMC and xanthum
gum based films with the help of solubilizers sug®é HPBCD and poloxamer 407 was
investigated and it confirmed their potential asrarovative dosage form to improve delivery of
TC.

Diabetes mellitus is a major and growing healthbfgm worldwide and an important cause of
prolonged ill health and early death 59 (ArunacmalaGunasekaran). It is a chronic metabolic
disorder characterized by a high blood glucose eotnation (hyperglycemia) caused by insulin
deficiency and it is often combined with insulirsistance. Glibenclamide and glipizide are an
oral blood-glucose-lowering drug of the sulfonylotass. They have been used extensively to
treat NIDDM and acts by increasing the releasenofogenous insulin as well as its peripheral
effectiveness. It has been associated with sevetesametimes fatal hypoglycemia and gastric
disturbances like nausea, vomiting, heartburn, etiarand increased appetite after oral therapy.
Since these drugs are usually intended to be tidtea long period, patient compliance is also
very important. Transdermal deliverjas many advantages over oral route of drug
administration; it avoids hepatic first pass metisbe, termination of further administration,
long term duration, potentially decreases sidece$fand improves patient compliance. So an
attempt was made to formulate transdermal patcBe@Bénnette N., et al), 61, 62, 63, 64, 65
(Mutalik - Udupa) which will reduce frequency of slng and some of the complications of
higher dose oral therapy. Mishra et al. 66 (MisktaK., et al) have developed transdermal
patches (TDP), microcapsules (MC) loaded with antigal dose of glibenclamide (GL) and
compared the hypoglycemic activity of GL from theotformulations. GL-loaded transdermal
patches formulations were prepared by solventrmgstiethod using HPMC as polymer. It has
been observed that patches contain comparativghehiGL content than MC and transdermal
system of GL produced significantly higher hypoggdc response compared to oral
microcapsule after 12 h. So HPMC based patches e proved to be excellent.

Pranoprofen, a potent non steroidal anti-inflammaidrug (NSAID) is widely used for the
treatment of the acute and long-term managememh&imatoid arthritis and osteoarthritis.
Although it is a best tolerated NSAID, gastropatitgurs following oral administration. So it is
suggested that topically applied NSAIDs are safbe topical application will provide a higher
local concentration of the drug at the site ofiatibn of the pain. Due to lower or negligible
systemic drug levels, there are fewer or no adversg effects. Topical drug delivery offers 67
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(Ganesh S., et al) many important advantages. éagy to apply and painless. It protects the
active compound from gastric enzymes and it mingsithe problems associated with liver
metabolism. Sustained and controlled delivery ofgceilso can be targeted. Shin et al. 68 (Shin -
Cho) have tried to develop the new topical formale of pranoprofen that have suitable
bioadhesion. The formulation with suitable bioadtesonfirms good applicability, localization
of formulation and it can be removed very easilyor Fioadhesion, they have chosen
hydroxypropyl methylcellulose (HPMC), a non toxiolymer with Poloxamer 407 as
copolymer. HPMC has been considered here becausgs gbod swelling property, its control
over the drug release. After their study, they haeéected 2% HPMC based bioadhesive
polymer gels containing the 20% poloxamer 407 atalsie base with proper bioadhesion
property and finally they have concluded the enbdricansdermal delivery of pranoprofen from
the HPMC-poloxamer gels containing penetration anbacan be developed. So HPMC in
combination with poloxamer can be used for transadérdelivery development to deliver
pranoprofen.

Lidocaine, procaine, and tetracaine all are thallanesthetics and they have been extensively
used by parenteral route. They have short lifer gfegenteral injection and sustained analgesic
effects of drugs can not be achieved 69 (Ben-DBvjet al). To encounter these problems, other
route should be considered. Transdermal and toplcay delivery of drugs may be the
alternative for parenteral route. For the purpasorough research has been carried out on this.
For local action, this route will allow higher Idiz&ed concentration of the drug at the site of
application but lower or negligible systemic dregdls may reach resulting fewer or not adverse
drug effects 70 (Boinpally R. R., et al). If loaesthetics are applied through this route, it can
penetrate the stratum corneum and will desenditieainderlying pain receptors within skin 71
(Hou - Yu). Jin et al. 72 (Jin - Shin) have trteddevelop a locally active anesthetic formulation
with the enhanced efficacy and suitable bioadhepraperty. For suitable bioadhesiveness,
hydroxypropyl methylcellulose K 100 and poloxomae aised in this formulation. Suitable
bioadhesion will allow keeping the formulation inetapplication site for a longer time and
sustained effect of drug can be obtained. A vassicotor was used in formulation.
Vasoconstrictor will impair the flow and as a reégifug entry from epidermal layer to dermis to
systemic circulation will be hampereohd drug will be on the skin layer for long tinehey
have pointed out that as the concentration of HRMOOM is increased, the bioadhesiveness
will also increase and also concluded that locakéretic gels with enhanced activity containing
an enhancer could be obtained using the bioadhgsiymer gels based on HPMC and
poloxamer. So HPMC with the combination of poloxamél act as good bioadhesive agent and
sustain the activity.

Ampicillin is a potent antibiotic and is used agaim broad range of bacterial infections 73
(Ahren I. L., et al). When it is administered thghuparenteral route, it will be quickly available
to the systemic circulation and bioavailability Wwigach to maximum. It can distribute rapidly to
a wide area of the body including bile. After reiaghto the bile 74 (Acred P., et al), it will be
excreted to the gut very quickly and as result rarimtestinal microflora will be destructed.
This is the main disadvantage and other disadvansatipat it will increase the probability of the
presence of yeast as well as inducing a high fisKastridium difficile colitis 75 (Harmoinen J.,
et al). To get improved antibiotic activity and teduce the allergic and toxic reactions to
ampicillin, topical formulations are mainly used deliver the drug 76 (Fontana G., et al),
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Bagyalakshmi 77 (Bagyalakshmi J., et al) have aitoetheck the performance of a membrane-
moderated transdermal patch with a hydrophilic mremd.

Membranes were prepared by using hydroxypropylnietfiviose (HPMC) 4000 cps polymer

and other hydrophilic polymer. They have perforntgfierent in vitro and in vivo tests and

finally concluded that in this developed transddrpetch, hydrophilic sodium alginate (SA)

polymer will act as the reservoir and HPMC will thee rate-controlling membrane. So they
proved membrane prepared with HPMC to be an aliem@o an IV dosage form without

causing skin irritation and improving patience cdianre.

Both oil-in-water and water-in-oil emulsions areital formulations and they can be used for
therapeutic purpose. Different drugs have beervel@d to the skin by using this emulsion as a
vehicle.Emulgel is also an alternative excellent topicahfolation. To prpepare emulgel, one
gelling agent has to be added in emulsion. Thi$ alve both emulsion and gel properties.
Emulsions may be oil-in-water or water in-oil typ8ome reaserchers have shown their
successful use 78 (Abd El-Bary A., et. al), 79 @h&. L., et al), 80 (Hamza Y. E., et al) as a
topical formulation.In the present workylohamed 81 (Mohamed M. 1.,) have tried to develop
an emulgel containing chlorphensin. chlorphene8§HL() is an antifungal agent. It is having
antibacterial property also. It can be appliedl@mgkin in mild uncomplicated dermatophyte and
other cutaneous infections. Carbopol and HPMC wsezl as gelling agents. It has been shown
that Carbopol 934 or HPMC will provide acceptableysical properties, drug release, and
antifungal activity and will remain stable for 3 nths without any change upon storage. He has
come to a conclusion that the HPMC-based emulgel thie liquid paraffin in its low level and
the emulsifying agent in its high level has beeavpd to be the formula of choice, since it
showed the highest drug release and antifungaligctso HPMC is again proved to be useful in
therapy.

3-O-Methylquercetin (5,7,;3V-tetrahydroxyflavone) is a natural 3-methoxyflavohas used as
antiviral drug with moderate anti-inflammatory aadtioxidant properties 82 (Middleton E., et
al). Topical application of 3-MQ is having more anked therapeutic activity, especially for the
treatment of Herpes Simplex Virus infections. Ishaw water solubility and to overcome this
solubility, solubility enhancers such as cyclodedris considered by Schwinge et al. 83
(Schwinge L., et al). Incorporation of the drugiogextrin complex is done in topical dosage
form and this dosage form is made by hydrophibtymer HPMC. Surprisingly it has been
observed that when inserted in the hydrophilic maftux and total permeation of 3-MQ is
higher. So it has been confirmed that HPMC is hgwpermeation effect probably due to the
favorable partition between hydrogel and stratummeom, and this effect will allow the passage
of 3-MQ to the skin.

Growth factors, such as basic and acidic fibrobtaswth factors (FGF), epidermal growth
factor 84 Cho Lee A. R., et &l rhVEGF 85 Gu et al. 2004; insulin-like growth factor 86
(Nauman J. V., et gland transforming growth fact@87 (Puolakkainen P., et)ahre applied on
wound by topical formulations and they perform vesil for wound healing.

Topical formulations of these growth factors arepared from various materials such as
alginate, gelatin, fibrin, polyethylene glycol diglate etc. Hydrogel formulations, prepared from
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different water cellulose ethers are also veryadtiffe excipients in wound healing preparations.
Ji et al. 88 (Ji J. A., et al) have tried to depetopical formulations of rhVEGF gel and for

preparation, different cellulose derivatives sustH&®MC, MC, HEC and CMC were considered.
Pseudo plasticity is a characteristic feature pidal formulation and the rheological behavior of
HPMC gel containing rhVEGF is pseudoplastic and wuthe interaction of positively charged

protein patches with the negatively charged carbgsgups of CMC, the release from CMC gel
was much slower than that from the HPMC. In thjgorethey have shown that as for rhVEGF,
or other proteins of similar properties, when fofated with HPMC gels, may not require a tight
viscosity specification to ensure a particular aske rate of drug. So HPMC in topical

formulations of growth factor also can be considdoe enhanced therapeutic activity.

Buspirone hydrochloride (BH) is an orally administd anxiolytic drug that is used for children
in attention deficit hyperactivity disorder and fadolescents with anxiety disorders 89 (Balon
R.,). It undergoes extensive first-pass metabohsih the average elimination half-life of single
doses is about 2 to 3 hours. So frequent dosimgésled and higher amount of dose is needed.
To improve patient compliance, delivery of this gltrough skin would be effective. Al-Khalili
M et al., 90 (Al-Khalili M., et al) in their resegr work, they have prepared gels using
hydroxypropyl methylcellulose (HPMC: viscosity o¥2aqueous solution at 20°C: 80-120 cps)
and carboxymethylcellulose (CMC) (medium viscosiyscosity of 2% aqueous solution at
20°C: 400-800 cps) to investigates whether therani improvement of penetration of ionic
drug through skin using terpene chemical enhangeenthol, cineole and terpineol) with the
combination of iontophoresis. Menthol with the conation of iontophoresis delivered more BH
from HPMC gel than carboxy methyl cellulose at pnoate viscosity. It may be possible that
counter ion (N§ of CMC will interfere with iontophoresis becaustthe competition of ion
with buspirone and also its anionic nature will Ipe@mmobility of cationic drug through gel
system. So HPMC would be an effective base forcapor transdermal delivery of drugs
through skin.

Use of HPMC in other dosage form:

Itraconazole is an excellent antifungal drug. Soesearchers 91 (De Beule — Van Geste) 92
(Willems L., et al) have shown that itraconazolesffective in oral route in terms of its safety
aspects and wide distribution in the body. It isWn that it is poorly water soluble drug and for
poorly water soluble drug, dissolution will be tta¢e limiting step. As a consequence effect, less
amount of drug will be absorbed through gastrotimaktract and bioavailability of the drug will
be lower. So for itraconazole, enhancement ofatslslity and bioavailability is a challenging
issue. Micronization, formation of solvates, adstels, complexes, microspheres, or more often,
solid dispersions of itraconazole are the differaethods used for the above stated purpose. Lee
et al. 93 (Lee S., et al) have worked on aerosiMesb extraction system (ASES). They have
modified this system to spray drug/polymer solutwith carbon dioxide through a nozzle into
SC-CQ. But the solid dispersions of itraconazole withditophilic polymer such as
hydroxypropylmethylcellulose (HPMC 2910, Pharmac®d6) were prepared to improve drug
solubility and bioavailability by ASES. So HPMC alplay a potential role in ASES technique
to improve the solubility of low water soluble drug
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Microencapsulation is a standard process to prepargrolled drug delivery systems. For
development of this dosage form, different polyntesse been explored and successful results
have been obtained. These systems are mainly useftie drugs owing short biological half
life. By controlling drug relaese, minimization wéquency of dosing as well as more patience
compliance will be obtained. Mucoadhesive drugvieli systems are another approach. These
are obtained in the form of tablets, films, patcreasd gels for oral, buccal, nasal, ocular, and
topical routes. Mucoadhesiveness will increasectivgact time or residence time with the target
site and will improve the bioavailability of drugtqlkeda K., et al), 95 (Nagai T., et al), 96
(Mlum L., et al). Some researchers have combineth approaches (microencapsulation and
mucoadhesiveness) and have proved them to be atiemtarug delivery systems 97 (Sakagami
M., et al), 98 (Takishima J., et al), 99 (Lim S, &t al), 100 (Cuna M., et al). Chowdary et al.
101 (Chowdary K. P. R., et al) in their work haveveloped, characterized, and evaluated
mucoadhesive microcapsules of glipizide employirgrious mucoadhesive polymers for
prolonged gastrointestinal absorption. Hydroxyptopwgethylcellulose (HPMC, having a
viscosity of 50 cps in a 2% by wt/vol aqueous doluat 20°C) as a mucoadhesive polymer was
used to prepare microcapsules containing glipieigloying sodium alginate in combination.
Microcapsules with a coat consisting of alginatd amucoadhesive polymer HPMC exhibited
large spherical microcapsules with good mucoadegsigperties and slow-extented drug release
profile for a longer period of time.

Nystatin is used in oral cavity to treat ocaindidosis 102Millns -Martin). It will not remain in

the oral cavity for a longer period of time if given tablet form and sustained action of the drug
can not be obtained to treat oral candidosis. Bdlvesive drug delivery systems may be the
alternative of this tablet form as this form wiicrease the retention time in oral cavity. Drug
from this bucoadhesive system will be removed isuatained way. To form buccoadhesive
system, polymers with suitable physicochemical progs such as polyacrylic acid (carbomer
[CB]) and cellulose derivatives; hydroxypropyl mdtiellulose 103 Bottemberg P., et al), 104
(Ponchel G., et alare recommended to use. Lablot et al. 10&8ht J. M., et al) have planned to
design a double-layered buccoadhesive tablet ofatigscontaining CB:HPMC mixtures as
mucoadhesive polymers. The water uptake, the swatlfocess and rate of drug release through
this system was determined. The most working pofyrao was fixed by them by measuring in
vitro mucoadhesion time. CB: HPMC in the ratio of @as been proved to be the most suitable
mixture. As the polymers are hydrophilic in natuteey can easily swell in water due to
relaxation of structure and drug will be releasemhf this swollen polymers. So mucoadhesion
and amount of drug release both can be modulabed tiis system. This combination of HPMC
and CB has fulfilled their attempt of designing badhesive tablet.

Approximately 1% of all female population worldwide affected by human papilloma virus
(HPV) infection which causes cervical cancer 10@cgy C. J. N.,), 107 (Rose P. G.). It is
reported that cervical cancer is the most commaseaf death for women under the age of 50
years 108 (Gross G.,). Antiprophylactic agents sagPodophyllin/podophyllotoxin 109 (Lacey
C. J. N., et al), cidofovir 110 (Snoeck et al. 20@Q 5-fluorouracil (5-FU) 111 (Mansell P. W.
A., et al) in the form of gels, creams or pessaaes marketed in the form of topical or
intralesional injection for management of HPV-rethdiseases. Vaginal drug delivery systems
are developed to apply the drug at HPV-infectiae, sihe vagina and the genital tract. It is
comprised of creams, gels, tablets, foams, pessarid irrigations. But it suffers from lower
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residence time at application site. They will beshed rapidly from the application site by the
self-cleansing action of the vaginal tract 112 (ipzside A. A., et al). Bilensoy et al. 113
(Bilensoy E., et al) have tried to develop mucoadles thermosensitive vaginal gel formulation
containing 5-FU for longer residence at HPV-infestisite. Hydroxypropyl methylcellulose
(HPMC; Metolose 90SH) USP was used as mucoadhesiyener. HPMC has affected gelling
properties and rheological behavior of gels. klide to provide more favorable thermosensitive
properties. After completion of their work, thewlaconcluded that new developed formulation
with highly soluble cyclodextrins includin@-CD, HP- B-CD and HPMC is having higher
anticancer efficacy with much lower doses avoidurgvanted side effects of the drug with
controlled release and prolonged residence tinaglministration site.

It is a very challenging task to deliver the drugesophagus. Drugs are generally given to cure
local diseases of the esophagBsitchelor et al., 114Batchelor H) has described different
types of local diseases. Achalasia, a local disesasaused due to insufficient lower esophageal
sphincter (LES) relaxation and ineffective persigkesulting difficulty in swallowing the food
material from the easophagus. It has been reptstbd an uncommon ailment 115 (Woltman B.
K., et al). Sometimes LES can be in relaxed statkitawill allow the stomach’s acidic contents
to reflux back into the esophagus. This is knowrGastroesophageal Reflux Disease (GERD).
Heartburn is a symptom of this. Infections of tls®ghagus are seen to the patient associated
with immunocompromised hosts, including patientslargoing cancer chemotherapy or those
with HIV 116 (Nandurkar — Talley Solid dosage form can not be used always td, tbegause
the injuries can be caused due to lodging of taldeid capsules within the esophagus. Liquid
formulations may be the alternative for this digeass an example, some drugs in HPMC liquid
solution with proper adhesion may be used to toeat infection.

High solubility, short half-life, and therapeuticseu of verapamil in chronic diseases have
prompted the researcher to think it as an ideat @andidate for the design of oral controlled
release dosage forms. Controlled release form mergdly formed form different polymers.
HPMC is one of them, widely used in designing colied dosage form. Any dosage system
prepared from polymers is generally of low costt Biey may have certain disadvantages.
Polymer made matrix will swell in presence of medrad due to burst of matrix, maximum
amount of drug will be released and sustained seled dosage form may not be obtained. To
encounter this disadvantage, various matrix geoesetiave been designed in an attempt to
control release of the drug with time 117 (Conte &f.al), 118 (Narasimhan - Langer). Multi-
layer matrix devices consist of core and coat. Trtagrix core contains the drug or any other
active solute and the coat is surrounded by onena@re modulating layers that act as rate-
controlling barriers 119 (Lee E. S.,), 120 (BodmeidPaeratakul), 121(Krishnaiah Y. S., et al).
Siahi et al. 122 (Siahi M. R., et al) in their prasresearch work, have tried to develop 3-layer
tablet containing water-soluble drug, verapamil rogtiloride from tragacanth, acacia and
HPMC polymer to sustain the release of drug. Acadi@n used single, is not able to enough
prolong effect. But when combined with HPMC may lpng effect. HPMC gel has greater
rigidity and more viscosity, it will act as a bamifor penetration of dissolution medium into
HPMC gel and diffusion of drug out of that layedivie delayed. They have carried out in vitro
release study from tablet containing the polymémifterent combination and finally concluded
that higher gelling ability polymer i.e. HPMC hatkee potential for sustaining and/or controlling
the release of water soluble drug, verapamil hyaloy@e.
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