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Review papers

AN OVER VIEW OF CHRONOTHERAPEUTIC DRUG DELIVERY
SYSTEMS BASED ON FLOATING PULSATILE CONCEPT

Abstract

In the modern era of pharmaceutical research mttelnteon has been focussed on
patients’ health in terms of therapeutic efficaayd asafety. The tradition of prescribing
medication at evenly spaced time intervals throughtbe day, in an attempt to maintain
constant drug levels throughout a 24-hour pericaly fve changing as researchers' report that
some medications may work better if their admiaistn is coordinated with day-night
patterns and biological rhythms. All these condiigoushed the formulation scientists to
develop chronotherapeutic drug delivery system.sTéiticle focuses on different drug
delivery systems its advantages and disadvantaglespf circadian rhythms in major risk
occurring disorders, like joint pains in case céummatoid arthritis, cardiovascular diseases
like angina pectoris, hypertension, myocardialictian, pulmonary disorder like asthma and

their treatment by conventional and novel pulsatiley delivery systems.

Keywords: Chronotherapeutic, Floating Pulsatile lth\darticulate and Drug Delivery

1.0INTRODUCTION
Oral dosage forms plays a vital role in treatingedises as these are easily acceptable by

patients as there is no difficulty while taking $kemedications.

The objective of this article is to give brief depton of different drug delivery systems,
prerequisite conditions, advantages, disadvaniagesase studies.

There are various types of oral drug delivery systdave been developed with respect to
drugs and disease conditions. They are

Sustained drug delivery:

Sustained release dosage forms is defined as #ageddorm that extends the therapeutic
activity of the drug (1).These dosage forms aredpeised in the treatment of acute and
chronic disorders as they maintain plasma drug eatnation within therapeutic window

for prolong period of time (2).
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Pre requisite characteristic features of drug bietdao design sustained release dosage
form (3), (4)

Drugs should have short half - life i.e. 2-8 holitg: Tramodol HCI
Drugs must be absorbed through GIT. Eg: IvabraHiGé Nicorandil.

Drugs should have good soluble nature. Eg: Captopri

Dose of the drug should be low, as large dosesirm@porated in sustained release

dosage form. Eg: Glimepiride.

Advantages of sustained drug delivery5):

1.
2.

Local and systemic side effects were reduced.
Reduction in total amount of drug used, as the dawgls are maintained in

plasma in steady state for prolong period of time

3. Reduction in dosing frequency

4. Improved patient compliance.

5. Fluctuations of drug level in plasma is not seerictvhis present in multiple

dosing of conventional therapy for drugs with shadf life.

Disadvantages of sustained drug deliver{6):

1.
2.

Dose dumping occurs as multiple doses are incorpaiia a single dosage form.
Once sustained release dosage form is administerednation of therapy is
difficult as many doses are administered in a simglsage form.

Costlier when compared to conventional dosage forms

4. Patient should be educated while administeringetltesage form i.e. they should

not chew the tablet

5. Poor in vitro in vivo correlation.

6. Variations in gastric emptying time results in reeld efficacy of an administered

dose because of incomplete drug release into aimomedium from device.



68 Table 1: Case studies on Sustained release dosagerfs:

69
S. Drugs Polymers + Results Ref.
No excipients g
L] Tramadol Gum Kondagogu+ | Drug Release was sustained upto| (7)
HCL HPMC hours and followed zero order kinetics
.Mechanism by which drug releasgd
was found to be swelling, erosion and
diffusion
2. Ranitidine | Eudragit RLPO+ Combination of 10% Eudragit RLP{C(8)
HCL Eudragit EPO and 10 % Eudragit EPO sustained the
drug release upto 12 hours and moisture
gain was found to be decreased.
3 Cefixime Tamaring gum+ Tablets prepared with combination |c(9)
Trihydrate | Carnuba wax+ HPMC and carnuba wax sustained the
HPMC release for 112 hours and followed
Higuchi model.
70
71 Floating drug delivery System (FDDS):
72 Floating drug delivery system has been developednirattempt to increase the gastro
73 retention time of dosage form there by targeting dhug release in specific area of the
74 body. i.e. in the upper GIT for local / systemiediment. These are low density systems
75 that remained floating over gastric contents falgnged period of time by maintaining
76 buoyancy without affecting gastric emptying rat@)(}11)
77 Drugs suitable to formulate FDDS:
78 1. Drugs which got local action in the stomach. Egtads, Misoprostol (12).
79 2. Drugs that are unstable in the lower part of @gd:. Captopril, Ranitidine
80 Hydrochloride (13).

81 3. Drugs with low solubility at high'pEg: Verapamil (14).

82 4. Drugs with narrow absorption window in GIT. Eg: loglopa, Riboflavin. (15), (16).
83 Drugs unsuitable to formulate FDDS:

84 1. Drugs that are unstable in gastric region Eg: Eoyttycin (15).

85 2. Drugs with limited acidic solubility Eg: Phenyt¢ir®), (15, (17)



86 3. Drugs with selective release in the colonic redtgn Corticosteroids, 5 Aminisalicylic
87 acid. (12), (15, (17).

88 Advantages of FDDS:
89 1. Drugs that shows it efficacy in stomach region Egtacids (13)
90 2. Drugs with maximum absorption in stomach Eg: Fesrealts, antacids, thiopental
91 (18).
92 3. Site specific drug delivery (13).
93 Dis advantages of FDDS:
94 1. These drug delivery systems requires to maintaiid fin stomach in a higher level,
95 then only these dosage forms works effectively p8btents asked to take water for
96 every 1 hour.(12)
97 2. Drugs which have stability and solubility problen@nnot be formulated as FDDS.
98 Drugs that cause irritation and lesions to gastiicosa cannot be designed as FDDS.
99 Table 2: Case studies on FDDS:

S. Drugs Polymers + excipients | Results Ref.

No No

s Ciprofloxacin| HPMC+PEO+ Optimized formulation contained(19)

NaHCO3 22% NaHCO3 and 11% of total

polymers in the ratio of (5:5) of
HPMC 10K and PEO 1000K
exhibited floating lag time of less
than 5s, total floating time > 8h and
drug release was found to be more
than 80% for 8h.

2. Nizatidine HPMC+NaHCO3+citric| Optimized batch of tablets showe(20)
acid floating lag time of 10s and total
floating time of 12 hrs with 99.46%
of drug release

3 Capecitabine| HPMCK4M,  Sodium| These formulations exhibitgc(21)
alginate, carbomer 934floating lag time from 30- 200s and

p, NaHCO3. floated for more than 24 hrs and the
drug release was extended up to| 24
hours.
100
101
102
103

104
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Chronotherapeutic drug delivery:
Chronotherapy got attention in designing of Novelgd delivery system for treating
diseases that rely on circadian rhythm.
The custom of prescribing medication that maintamsstant drug levels throughout a 24-
hour period, may be changing as researchers répattsome medications may work
better if their administration is coordinated withy-night patterns and biological rhythms
(22). The term "Chrono" basically refers to the eslation that every metabolic event
undergoes rhythmic changes in time (23). Reseaschave concluded that all living
organisms are composites of rhythms with varyinggfiencies that may range from
seconds to seasons. Perhaps the best known anedstimionobiologic frequency is the
circadian rhythm which approximates the earth'sh@dr rotation around the sun.
Researchers have recently concluded that boths#isstates and drug therapy are affected
by a multitude of rhythmic changes that occur wittiie human body
Human body contains biological rhythm/biologicadak. This rhythm occurs episodically
in human body in accordance with systematic chatiggistakes place in environmental

conditions. Genetic make up dictates the interloaks (24)

Human body exhibits four rhythms (25).

1. Ultradian: cycles takes place for short interval
Eg. sleep cycle that occurs with in 90 misute

2. Circadian: time duration for this rhythm is 24 heur
Eg. sleep wake cycle.

3. Infradian: Time interval for this type of rhythmnsore than 24 hours
Eg. Menstrual cycle
4. Seasonal: this type of rhythm occurs seasonally.

Eg: Seasonal affective disorder.

Circadian rhythm:
Rhythm that occurs in body within 24 hours is regdrto as circadian rhythm. It rely on
sleep wake cycle which is prejudiced by genetic engkin our body. This in turn reflects
the physiological functions of human body (26).t@kr disease conditions like hepatic
and renal impairment, lung and cardiovascular dsgaely on circadian rhythm, which
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was supported by chronobiological studies. Thasdiess revealed that all body functions
are in coherence with circadian rhythm (27).

Generation of circa

dian rhythm:

Halberg and Stephens coined the term circadiarhmmyin 1959(28).Habitual actions ie
physiological and biochemical secretions are utigkeicontrol of circadian rhythm in human
body that vary in a day.Hence abnormalities ingoblpgy also vary in a day.
Suprachiasmatic nucleus of brain produces circathgthm that is regulated by melatonin
harmone of pineal gland. Fluctuations in secretwdrhormones like rennin, cortisol and
aldosterone in blood are seen as these are dedtin/ circadian rhythm.(29).

Circadian time structure:

The results of numerous biological rhythm studiekp to define the temporal organization of

human beings. Circadian rhythms in relation to tyygical synchronizer routine of most

human beings-sleep in darkness from 10.30 P.M30 A.M and activity during the light of
the day between 6.30 A.M and 10.30 P.M. The folitmwiable 3 shows metabolic hormones

and/ secretions takes place at peak level in huyody at various time intervals.

Table — 3: Peak levels of Hormonal and biochemicatecretions in human body at

various time intervals.

Early Morning Afternoon Evening Night/ during Sleep

Plasma cortisol, Haemoglobin  and Synthesis of Gastric acid secretion, white
renin activity, | insulin cholesterol, blood cells count (WBC),

angiotensin, andconcentrations risestriglycerides and secretion of calcitonin gene
aldosterone peak indrastically in the diuresis are at peakrelated protein, and secretion
the morning and afternoon level in the early of atrial natriuretic peptides are
also arteria evening. peak at late night or early in
compliance, sleep.

vascular resistance, Growth and thyroid

platelet aggregatior

and blood viscosity

stimulating hormone (TSH
blood

eosinophil number, and plasn

lymphocyte an

melatonin and prolactin sho

steep increase during sleep.

The physiological and bio chemical responses ar@ble in a expected and synchronized

way during the day and night (30).
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2.0Chronotherapy:
Coordination of biological rhythms with medical dtment is callec€Chrono therapy.
Chronotherapeutics refers to a treatment methadhich in vivo drug availability is
timed to match rhythms of disease in order to ogtntherapeutic outcomes and
minimize side effects. It is based on the obseowathat there is an interdependent
relationship between the peak-trough rhythmic #@gtim disease symptoms and risk
factors, pharmacologic sensitivity and pharmacdisseof many drugs
2.1Need of Chrono therapeutic drug delivery system&1), (32)

2.1.1 Diseases like hypertension, angina pectoris, myl&arinfarction
bronchial asthma,ulcer, rheumatoid arthritis reguhronotherapy as
they shown crests and trough in their symptomslih 2ycle.

2.1.2 This delivery system is necessary for drugs thdeuyo degradation in
acidic medium (e.g. peptide drugs), that caus&iron to mucosa of
stomach region or provoke nausea and vomiting

2.1.3 Targeted drug delivery system where drug releaseoisfined to
particular part of GIT EQ: colon targeted drug dety system in which
drug release is restricted in stomach and smadistite and drug is
released in colon.

2.1.4 Drugs that undergo hepatic metabolism are forredlas pulsatile
dosage form.

2.1.5 Drugs which can develop tolerance upon contingoesiposing to

body parts requires chronotherapeutic dosage forms

2.2 Advantages of Chronotherapy

2.2.1 Chronotherapy is drug-free: In case of sustainddase, the extra
amount of doses has been incorporated for prolgritie drug release.
Whereas in chronotheray the extra doses are noiregbgas the drug is
released when symptoms are at peak level.

2.2.2 This type of treatment becomes effective if persteeps for long
time..

2.2.3 This therapy is unlike from other therapies as ocae envisage the
time at which it works better as it has an initialiddle, and final

phase;



195 2.2.4 Stability of drug is improved as lag phase is naimgd where drug is

196 not stable

197 2.2.5 Risk of dose dumping is controlled (33)

198 2.3Disadvantages of Chronotherapy

199 2.3.1 Medical supervision is mandatory for this therapy.

200 2.3.2 Large number of process variables are required wberpare to

201 conventional process e.g pulsin cap technologgmsventional tablet.
202 2.3.3 Trained /skilled person is needed for manufactu¢8#)

203  3.0Diseases of known pathogenesis associated with datdry changes of body

204 Before designing a chronotropic or pulsatile dre¢jwery system, understanding of a
205 disease and role of circadian rhythm in its patlysfogy essential. Scientific background is
206 required to justify the need for chronotropic systeas compared to conventional drug
207 delivery systems. Particular rhythms in the onset axtent of symptoms are observed in
208 diseases such as bronchial asthma, myocardiattidar angina pectoris, rheumatic disease,
209 ulcer, diabetes, attention deficit syndrome, hypelkestemia and hypertension.

210 In case of asthma, aggravation of attacks ofteruroac early morning or after
211 midnight, the reason is low lung function is proetbby circadian changes at that time (due
212 to release of nor epinephrine and epinephrinel Alsase of cardiovascular diseases several
213 functions of heart (blood pressure, heart ratekstvolume, cardiac output, and blood flow)
214  get affected according to circadian changes leadingngina, hypertension, myocardial
215 infarction, stroke etc. Circadian variations of ggge and insulin in diabetes have been
216  extensively studied. Furthermore circadian charges contribute in lipid metabolism in
217 patients as well as in normal subjects, leadingdmplication in cholesterol synthesis in
218 patients(35). Plasma concentration of C - reactive protial interleukin-6 increases in
219 rheumatic patients during morning hours due tcaciian changes.

220

221 4.0Types of Chrono therapeutic Drug Delivery Systems
222 (i) Pulsatile drug delivery system (ii) Floating pusatile drug delivery system

223 Chronotherapeutics refers to the clinical practéesynchronizing drug delivery in a
224  manner consistent with the body's circadian rhytbrmproduce maximum therapeutic activity
225 and minimum side effects by determining the beslolgical time for drug dosing. The basic
226 concept for new drug delivery systems for safety efficacy of the drug by coordinating the
227 peak plasma concentration of the drug with the adii@n rhythm of the body is to
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synchronize drug release with the circadian rhyttfitine body. Several techniques have been
developed and applied to design chronotherapeaticadty systems for desired drug release.

These techniques are broadly classified into falhopthree major categories (25):

1. Time controlled chronotropic systems.

N

. Stimuli induced pulsatile drug delivery systems

w

Externally regulated pulsatile drug delivery syssem

(i) Pulsatile drug delivery system (PDDS):
Certain disease like asthma, angina pectoris, bgpsion rely on circadian rhythm where

these disease shows peak symptoms at particularitinbiological clock. To satisfy these
conditions pulsatile drug delivery system was emérgvhere drug is released in a burst
manner immediately after a pre determined lag phisis a time and site specific drug
delivery system (36)
Prerequisite conditions for PDDS
1. Drugs which degrade in acidic medium of GIT regsiigeg phase.
Eg: peptide drugs (37)
2. Colon targeting drugs where drug release is rasttim upper two third portion of
git.
Eg: Tramadol HCI. (37)
3. Drugs that exhibit first pass metabolism requiredfdrmulate as pulsatile dosage
forms.otherwise it may result in reduction in bi@gability of drug
Eg: Ivabradine HCI. (37)
4. Diseases that rely on circadian rhythms: Eg: Mydied infarction, angina pectoris,
hypertension, rheumatoid arthritis, bronchial asti88).
Advantages of PDDS:
Dose size, dosing frequency, cost has been reduced.
Adverse effects have been minimized
Local irritation can be reduced.

Targeting drug to particular site Eg: colon carabkieved.

a s« N e

Drug loss by extensive first pas metabolism capregented.
Disadvantages of PDDS:
1. Lack of manufacturing reproducibility.

2. Skilled persons are required for developing thesade forms.
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3. Long residence time in stomach is not possible whésults inn vivo variability and

bio availability problems due to high variable nmatof gastric emptying process.

Table 5: Case studies on pulsatile drug delivery syem (PDDS):

S.Nc | Drugs Polymers + excipien | Result: Ref.

No

s Ramipril HPMCK100M, Ethyl| The optimized batch showed |a39
cellulose, cross time for 5 h.and exhibited83.96% pf

caramellose sodium. | drug release for 7 h.

2] Nebivolol L HPC, Ethyl cellulose | The optimized batch exhibited la40
time for 5.25 h before burst release
could occur.

Novel Approach to PDDS: (ii) Floating Pulsatile Drig Delivery System

Pulsatile drug delivery systems can maintain laasehand releases the drug in burst manner
but it could not retain the dosage form in stomémhlonger period of time. As a result
variation in process of gastric emptying occurg tteaisesn vivo variation and reduced bio
availability(41).To overcome this novel approach to PDDS termeftbasng pulsatile drug
delivery system was developed.

In this approach combining the principles of flogti and pulsatile would be
advantageous, that drug can be retained in stofeagirolonged time as it floats in stomach
and lag phase is maintained during floating, bretase is exhibited in small intestine after
predetermined lag phase. (42). A pulsatile drugvdef that can be administered at bed time
but releases drug in early morning would be a psorgichronotherapeutic system.
Advantages of floating pulsatile dosageforms:

1. Gastric residence time for these dosage form$éas increased.

2. Conventinal tablets of aspirin irritates gastricamsa when comes in contact with it.
Hence floating pulsatile approach may be suitabfetmulate these type of drugs. In
case of floating pulsatile, the lag phase (Periogoodrug release) is maintained during
floating in acidic medium i.e. in stomach. So aspivill not be released in stomach and
hence no irritation to Gl tract.

3. It has application for local drug delivery to tteraach and proximal small intestine e.g.,

ranitidine for nocturnal acid breakthrough.
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4. In sustained release multiple doses are requiredendss single dose is sufficient in
floating pulsatile release. So dose dumping ridkss in the floating pulsatile release
when compared to sustained release.

5. Time controlled floating pulsatile tablet with labase followed by “rapid” release would
treat midnight acidity.

6. Floating pulsatile drug delivery increases drugakiability; predictable, reproducible,
and improved retention time of dosage form in stom risk of dose dumping is reduced;
Disadvantages:

1. Full glass of water (200-250 ml) is required wlakiministering these dosage forms.

2. Various formulations steps are involved while mactifiring these dosage forms hence
production cost increases. Requires advanced teahnotrained and skilled person.

Polymers used for floating pulsatile drug deliverysystems

1. Polymers used for buoyancy layer

Carbopol 934p, HPMC MM, HPMC K;sM, Hydrogenated Castor oil (Kolliwox
HCO), low methoxy pectin, HPMC K 100M and Sodiuncadybonate, PVP K-30,
Cellulose acetate or HPMC, Polyethylene glycol 4888ydrous citric acid, Sodium
bicarbonate, Glycerol behenate (compritol 888),Hdeel E5.

2. Polymers used for pulsatile release:
Methocel E 15,Ethocel 45P,low methoxy pectin, Egdr&100,Eudragit L 100,
Eudragit RS 100 and RL 100, Cellulose acetate,|Eliulose, Eudragit NE 30D.

3. Recently porous carriers has been used in flogitgptile systems:
Porous calcium silicate, Poly propylene foam powddagnesium Alumino Meta
silicate, porous ceramic and porous silicon dioxide

5.0Different floating pulsatile dosage forms:
Time controlled floating pulsatile drug delivery system:

Time-dependent dosage forms are designed to deheedrug after a predetermined
lag time(43). E g. Ivabradine HCI floating pulsatile micpberes.
Different Mechanisms:
Reservoir System containing erodible Polymer or Barter Coating with soluble
nature:
A floating pulsatile dosage form contains thrededént parts, upper buoyancy layer,
middle erodible layer, inner rapid release layentaming active pharmaceutical
ingredient. In this dosage form buoyancy layer ustable for prolonging gastric

residence time .Lag time in pulsatile dosage fowas obtained by erodible polymers.
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Combination of HPMC and carbomer was used to imprdloating or muco
adhesiveness of drug delivery systems (44-45).
The novel system which is a combination of floatiagd pulsatile principles will
prolong gastric residence time to obtain lag phdiseéng floating followed by rapid
release of drug in accordance with time specifiedition by erosion of coating layer.
Reservoir System with Rupturable Coating:
In this systems core expansion results in bothtifigaand pulsatile properties.
Expansion of core makes the system less densemtwtric fluids hence floats and as
core expands pressure is created on coating layeérfiaally ruptures resulting in
pulsatile release. (46).
This mechanism is involved in the development offing pulsatile drug delivery of
ranitidine HCI.(47)
Capsule Shape Systermontaining floating material and release retardinghydrogel
plug:
This system consists of a insoluble capsule bauty soluble cap where buoyant
material is placed at the bottom of insoluble béaowed by drug tablet above that
erodible drug-free hydrogel plug was placed whildses the body followed by soluble
cap. When this system is exposed to aqueous flcégs solubilises and after that
hydrogel plug swells and erodes gradually respdméidy obtaining lag phase.when this
plug degrades completely drug release starts aogldmt material at the bottom of
capsule body is responsible for obtaining floangperty.
Eg: Krogel | and Bodmeir R developed void, imperbieacylinder system made up of
polypropylene for rapid release of ibuprofen. Aillefl spaces are responsible for
floating property. Length and composition of HPM@dIo-gel plug controlls lag
phase.(48)

Multi particulate Dosage forms:

This includes floating pulsatile microspherasd floating pulsatile pellets. Floating
pulsatile microspheres are prepared by non aquéwo} solvent evaporation method for
water soluble drugs like Ivabradine HCI (43) ana gblvent evaporation method for water
insoluble drugs (Aceclofenac)(49). Floating pulsagiellets are prepared in three steps, Step
1: preparation of drug containing core pellets kifuesion spheronization technique. Step 2:
core pellets are coated with' gensitive polymer for obtaining lag phase. Step Boated

core pellets are further coated with buoyant malefor obtaining floating property.(50)



358 Table 6: Summary of previous works on floating pulsatilegidelivery systems.

S.N | Drugs Dosage form Polymers/ Method Reason/Result Ref

O /Category Excipients no

1 Meloxicam/ | Tablet Crosscarame| 1. WET 1.In RRCT 5%conc of (51)
NSAID .For lose sodium | Granulation for crospovidone was
treating ,Crospovidon| rapid release optimized as it showed
rheumatoid e,MCC, core tablet required hardness,
arthritis HPMCES.E1 (RRCT) content _ _unlforr_nlty,

: lowest disintegration&
=20, eibiyicealig highest drug release.so|it
of optimized | . ghes g '
HPMCK15,N is suitable to prepare
aHCO3 RRCT by PRT
HPMC(E5,E15
,E50)for 2.The optimization o
obtaining PRT was done based on
pulsatile lag time of 6 hrs during
release which drug was not
tablet(PRT) released ,this was
- achieved by
8.0ptimized | |15\ ~E50(280mg). This
PRT was
EErTEREE, | was further used tp
. prepare FPRT by
algrlcllgcvl\gtlr]SN compressing this along
with 120 mg of
aHCO3 for HPMCK15 & 10mg of
floating NaHCO3 which gave
pulsatile satisfactory floating lag
release time of 4.6 min and more
tablet(FPRT). | than 12 hrs of floating.

2 Ibuprofen/N | Micro beads Cavilink(styr | Drug More amount of drug gat(52)
SAID ene &divinyl | adsorption via | adsorbed by  using
Earieating benzene solvent DCM(97%)than with

- copolymer evaporation methanol(85%)
rheumatmd made by using porous
arthritis HIPE P P —— 1.Methano| adsorbed
technique) micro beads had shown

1.3-52% of drug release
in acidic medium
whereas in DCM micro
beads
exhibited 0.98-2.84% af
drug release.both type of

beads had shown floatir

g




property for 6 hre

2.In basic medium bot
methanol and DCM
micro beads exhibite
burst release but vary
the % of release .

54.13-82.8% (methano

D =5 = >

micro beads),71+
87%(DCM
microbeads).Hence DCM
microbeads were
optimized.
Aceclofenac/| Floating Eudragit Emulsion These microspheres(49)
NSAID . S100,L 100 | solvent provided time and site
Pulsatile — = .
: diffusion specific drug release with
For treating : . =— -
- microspheres technique initial lag phase during
rheumatoid — — :
thriti floating in acidic mediun
a P followed by burst release
in basic medium.
Metoprolol | Floating Eudragit Emulsion These microspheres(53)
Tartrate/Anti . S100,L 100 | solvent provided time and site
: Pulsatile — — .
hypertensive diffusion specific drug release with
agent . microspheres technique initial lag phase during
floating in acidic mediun
For
: followed by burst release
controlling : - -
in basic medium
B.P
Meloxicam/ | Ca alginate beads Sodium lonotropic Beads had shown a la¢(54)
NSAID containing drug | alginate, gelation time ranging from 1.9:
: adsorbed florite | porous method 7.8 hrs in acidic medium
For treating - X
- powder calcium followed by rapid releasg
rheumatoid — : — - -
arthritis silicate(Florit of drug in intestinal fluid
i e RE) within 1 hr.
Ibuprofen/ Micro particle! Accurel MP | Adsorption of | 1:3 (Accurel MP: drug) (55)
NSAID 1000(polypro| drug via was optimized in both
EartrEating pylene foam | melting or melting _ and sol\{enr[
- powder) solvent evaporation  technique
rheumatoid : : L
arthritis evaporation. | without much deviatior

in drug release.




Diclofenac | Hollow calcium | Pectir Acid base Invivo studies conducted
sodium / pectinate beads reaction during| in rabbits have shown(56)
NSAID ionotropic gastric retention of beads
. crosslinking for 5 h followed by burst
For treating : -
theumatoid release_ which is a
. promising approach far
arthritis : : N
time and site specific
release for
chronotherapy.
Indomethaci | Pellet: Eudragi Extrusion Drug containing core (5C)
S S100(ES100) 0 B 100 PH. dependent
Fhor treatlr_lg l\l/l_| PNMI?| éé%o polyméras an inner layer
;r?hurir;:m' Na & outer floating layer
with  NaHCO3 and
HPMCK100M.These
pellets showed excellent
lag period followed by
burst release.
Ranitidine Tablet MCC, Direct 5% wiw of | (47)
Hcl/H2 Croscarmello| compression | croscaremellose
receptor se Na Ethyl | method for| Na&50.15%w/w of MCC
blocker for cellulose rapid releasewas  optimized  for
treating (ECN10) core tablet obtaining RRCT. For
acidity HPMCEL15. (RRCT)which pulsatlcl)e _ reIgase
NaHCO3 Eu was further (97.56%) with lag tI.mE
T ' coated with of_ 3-3.5 hr was obtained
ECN10,HPMC| withECN10:HPMCE15
RETOGIERE! E15for (80:20%. Ratio of
D) pulsatile HPMCE15 &
release(PRT).F NaHCO3(1:4%w/w)gave
or satisfactory results far
effervescence | providing effervescence
purpose this and floating lag time of 5
PRT is furthen min.5%w/w of
coated withl ERL100was found to be
HPMCE15 and best as it increased tablet
NaHCO3.Final| weight by 1%& floating
ly for | lag time was found to be
effervescence | 5 min. Further increase in
entrapment it concentration increased
was coated floating lag time and
with Eudragit| obtained sustained
release instead of




RL 10C pulsatile release
10 | Metoprolol | Tablet Crosscarame| 1. WET 1.In RRCT 5%conc of | (57)
Tartrate/Anti lose sodium | Granulation for| crospovidone was
hypertensive ,Crospovidon| rapid release | optimized as it showed
agent . e,MCC, core tablet required hardness,
For HPMCES,E1 (RRCT) content gnlformlty,
: : lowest disintegration&
controlling 5,E50, 2.Dry coating .
— highest drug release.so |t
B.P of optimized | . -
HPMCK15,N is suitable to prepare
aHCO3 RRCT by PRT
HPMC(ES5,E15
,E50)for 2. The optimization of
obtaining PRT was done based on
pulsatile lag time of 6 hrs during
release which drug was not
tablet(PRT) released this was
- achieved by
3. Optimized | |5\ 1cE50(280mg). This
PRT was
q was further used tp
COlple oL prepare FPRT by
iSRGl compressing this alon
HPMCK15 P g d
NaHCO3 for with 120 mg  of
floati HPMCK15 & 10mg of
oating NaHCO3 which gave
pulsatile - -
I satisfactory floating lag
[eexbelgtS(iPRT) time of 4.6 min and more
" | than 12 hrs of floating.
11 | Diclofenac | Pellet: Eudragi Extrusion Drug containing core (58)
sodium / Spheronization pellets were coated with
S100(ES100)
NSAID "HPMCK100 process E;lr(])q%?asPH ar(;lepei:(rjli?t
For treating M,NaHCO3 Poly .
h toid layer&outer floating
;rtehurz'g: ol layer with NaHCO3 and
HPMCK100M.These
pellets showed excellent
lag period followed by
burst release.
12 | Valsatran Hollow Calcium | Sodium lonotropic Sodium alginate (59)
: alginate, gelation concentration to interpret
alginate beads .
potassium lag phase and drug
bicarbonate,( release was analysed
aCl2 statistically by response
surface methodology far
optimization.  Floating




beads were porous
have bulk density
<1,floated for 11 hrs.I
provided two phas
release pattern  wit
initial lag time of 6 hrg
during floating in acidig

medium followed by
burst release in basjc
medium.

13 | Aceclofenac/| Hollow calcium | Pectin, CaClZ lonotropic These beads had show(60)
NSAID : gelation two phase release pattern

pectinate beads ih initial la hase
For treating Wlt. ! : g P —
rheumatoid durln_g floating in acidig
arthritis medium foIIow_ed by
burst release in basjc
medium.

14 | Lornoxicam/ | Tablet Crospovidon | Wet The optimized floating (61)
Non selective e,PVPK- granulation pulsatile release tablet
COX2 30cyclodex | method for had shown excellent
inhibitor. For trin,MCC,Eu | rapid release | floating property in
treating dragit core acidic medium with ng
rheumatoid S100(ES100)| tablet(RRCT) | drug release followed by
arthritis ,HPMCK 100| followed by burst release in basjc

M.HPMC coating medium.

E50,NaHCO | withES100

81 solution for
pulsatile
release
and finally
compressed
HPMCK 100
M. or HPMC
E50,and
NaHCO3 for
obtaining
floating
property.
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6.01n Vitro evaluation parameters for single Unit FPPDS: (Tablet)

1. Drug excipient compatibility study

() FTIR
(i) DSC
(i)  XRPD

. Uniformity of weight

. Hardness

. Thickness and Diameter

. Content uniformity

. Buoyancy study

. Floating lag time

2
3
4
5. Friability
6
7
8
9

. Swelling index

10. Pulsatile lag time

11. Dissolution study

Table 7: Case studies for In Vitro evaluation paraneters for single Unit FPPDS

Name of the drugs &
Excipients

Parametel

Outcome

Reference
Number

Drug: Sumatripta

Excipents: Xanthan gum,
Polyox WSR 205

FTIR

Drugs and excipients are compatible
there was no change in characteri
peaks of drug in IR spectra in physig
mixture of drug and excipien
compared to IR spectra of pure drug.

i(62)
5tic
cal
)

DSC

It revealed M.P of pure drug as 15
162°C,polyox as 75-80 °C and xanth
gum as 95-100 °C. But in optimizg
formulation DSC spectra showed MP
75-80 °C that might be due

interlinking of both the polymers.

Whereas drug has shown MP at 159

O-
an
2d
at
o

°C

Weight
variation

323.87+0.1 m

Hardnes

6+0.1kg/cn®

Thickness and
diameter

4.1+0.2mm and 9.1+0.1mm




Friability

0.7+1

Drug:Nizatidine

Excipients: Chitosan ,

HPMCK15

i(63)
stic
al

Content 99.85+0.2%

uniformity/

drug content

Floating lag 552 ¢

time

Swelling Index| 226

at4 hr

Pulsatile lag | 7+0.1 h

time

% drug release 98.69+2%

FTIR Drugs and excipients are compatible
there was no change in characteri
peaks of drug in IR spectra in physic
mixture of drug and excipien
compared to IR spectra of pure drug.

Weight 550+5%

variation

Hardnes 5.34+0.12kg/cr’

Thickness and

4.05+0.6mm and 12+0mr

diameter

Friability 0.554+0.05%
Content 101.14+0.79
uniformity/

drug content

Floating lag 150 s

time

Total floating | >8h

time

Pulsatilelag |4 h

time

% drug releas

99.88+0.39¢
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382
383
384
385
386
387

388
389
390
391
392
393
394

395

Drug: Metoprolol tartrai

Excipients:HPMCK15M,
cross caramellose sodium
,crosspovidone

FTIR

Drugs and excipients are compatible
there was no change in characteri

peaks of drug in IR spectra in physic

mixture of drug and excipien
compared to IR spectra of pure drug.

i(64)
stic
al
S

Hardness

5.68+0.17kg/crh

Thickness and

4.2+0mm and 10£0mm

diameter

Floating lag 4.6 min
time

Total floating | >12h

time

Pulsatilelag |6F

time

% drug releas | 105.6+0.19

7.01n vitro evaluation parameters for Multi particulat e FPDDS:
1. Drug excipient compatibility study

() FTIR
(i) DSC
(i) XRPD

Percent yield

Buoyancy study

Floating lag time

Pulsatile lag time

© o N o g bk~ e D

Dissolution study

Particle size analysis

Entrapment efficiency

Surface topography
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Table 8: Case studies for In Vitro evaluation paraneters for Multi Unit FPPDS
Name of Parameters Outcome Reference
the drugs Number
&
Excipients
Drug: DSC Melting peak of drug disappeared |i65
Piroxicam microballons. Upon increasing the drug:
— polymer ratio from 1:1 to 1:2. Even though the
Excipients . . .
: melting peak was observed in drug: polymer
. Eudragit : : . . AN
S100 physical mixture with the same ratio which
reveals that drug has been dispersed in|the
polymer matrix as amorphous form.

XRPD XRPD characteristic peaks of piroxicam were
observed in case of pure drug and 1:1 drug:
polymer ratio at diffraction angle of2 But no
such peaks were observed in case of 1:2 drug:
polymer ratio.

Particle size(p) 250-380

% yielo 65.5-73.8%

% entrapment efficiency 90-98%

Surface topography No major surface irregularities

Total floating time 8h

Pulsatile lag time 6h

Dissolution study 99% of drug was released within 3 h

Drug: FTIR Drug and polymer were compatible. San66

Diclofena peaks retained in drug loaded calcium pectinate

¢ sodium beads compared to pure drug and blank
- calcium pectinate beads.

Excipient:

Pectin Particle size(L 143(-197(

% yield 88.5-93.55%

% entrapment efficiency 63%

Surface topography Rough and porous

Total floating tim: 12r

Pulsatile lag time 6h

Dissolution study Complete drug was released within 30-45 min.
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8.01n vivo evaluation parameters
1. Gamma Scinitigraphy

2. X —Ray Study

Table 9: Case studies oihn Vivo evaluation parameters

Name of the drugs & Parameters Outcome Reference
Excipients Number
Drug: Diclofenac Gamma Gamma Scinitigraphic studies were carried [c66
sodium o for calcium pectinate beads of diclofenac
- _ =l icplng sodium using 3 New Zealand white rabbits| as
Excipient: pectin animal model. This study revealed that beads
remained floating for 6 m vivo.
Drug:Metoprolol X Ray study | This was carried on 3 human volunteers |64
tartrate using Barium sulphate loaded formulation|to
Excipients:HPMCK15 study the floating .behawour of tablets in fast
M. cross caramellose and fed state. Radiographs were taken at 0,/ 0.5,
so’dium crosspovidone 2, 4, 6, 8h. In both fed and fast state tablets
' P showed buoyancy in radiographs taken at 0.5h.
Radiographs revealed that tablet remaiped
floating in stomach for 6.5 £0.5 h.
Losartan potassium Invivo Dissolution studies revealed that sulphat67

sulphated cordial myxd

L

pharmacokinet
ics

cordial myxa showed 99.34% of drug releas
the end of 24h. Thén vivo study showed 4.4
times higher AUG. values of tablets
formulated with sulphated cordial myxa th
tablets formulated with carbopol934. The
results indicated that sulphated cordial m)
polymer can be successfully used as poly
for formulating gastro retentive muco adhes
tablets of Losartan potassium for treat
hypertension.

e at
(

-

D
an
rse
yxa
mer
ive
ng

9.0Recent approaches based on QBD
QBD: A systematic approach to development thatrisegith predetermined objectives and

emphasizes product and process understanding andssr control, based on sound science
and quality risk management.
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Table 10: Case studies based on QBD approach

Name of the drugs & Excipients Outcome Reference
Number
Drug: Rifampicir The optimized formulation exhibite| 68

. Q1 of 20.9%, Q4 of 59.1%, and Q8 |of
Excipient: HPMC, NaHCO3 and | g4 894 and floating lag time of 4 mi.
glyceryl behenate It followed Korsmeyer — Peppas
power law

Drug: Cefuroxime Axetil PEO303| The best formulation exhibitec69
Excipient: HPMCK 100LV CR excellent floating behaviour and driig
release was extended for prolonged
period of time which was further
confirmed byin vivo studies.

Drug: Itopride hydrochloride The optimized formulation beside:70
— : adequate drug release exhibited good
Excipient: Eudragit S100 floating  character ~ which  was

confirmed byin vivo x-ray imaging
studies in rabbits for 8 h in upper Gl

=1

10.0 Conclusion:

This review emphasizes on different drug deliveygtems it advantages and draw backs
,circadian rhythms  and treatment of diseases tedy on circadian rhythms.i.e
chronotherapeutic drug delivery based on novel epnwhich is a blend of floating pulsatile
principles. Conventional pulsatile release dosagen$ exhibits highly variable nature of
gastric emptying process that resultsnnvivo variability and bioavailability problems. To
overcome this, novel approach floating pulsatilegddelivery system was developed. This
novel floating pulsatile drug delivery system playsital role in the treatment of various
disorders associated with lungs, heart, liver, siimetc. that rely on circadian rhythms
which is genetically present in human beings.

The article also describes the modification of FFD&nd evaluation parameters of single
unit and multi particulate floating pulsatile drdglivery system different approaches based
on QBD. Thus this article envisages that FPDDS flalirish well in future for increasing

safety and life span of patients.
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