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Abstract 7 

In the modern era of pharmaceutical research much attention has been focussed on 8 

patients’ health by improving their therapeutic efficacy and minimising adverse effects. The 9 

tradition of prescribing medication at evenly spaced time intervals throughout the day, in an 10 

attempt to maintain constant drug levels throughout a 24-hour period, may be changing as 11 

researchers' report that some medications may work better if their administration is 12 

coordinated with day-night patterns and biological rhythms. All these conditions pushed the 13 

formulation scientists to develop chronotherapeutic drug delivery system. This article focuses 14 

on role of circadian rhythms in major risk occurring disorders like bronchial asthma, 15 

myocardial infarction, angina pectoris, rheumatic disease, ulcer, diabetes, attention deficit 16 

syndrome, hypercholesterolemia, and hypertension and their treatment by conventional and 17 

novel pulsatile drug delivery systems. 18 

 19 
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 22 

1.0 INTRODUCTION 23 

In the modern era of pharmaceutical research much attention has been focussed on 24 

patients’ health by improving their therapeutic efficacy and minimising adverse effects. 25 

The tradition of prescribing medication at evenly spaced time intervals throughout the day, 26 

in an attempt to maintain constant drug levels throughout a 24-hour period, may be 27 

changing as researchers report that some medications may work better if their 28 

administration is coordinated with day-night patterns and biological rhythms1 The term 29 

"chrono" basically refers to the observation that every metabolic event undergoes rhythmic 30 

changes in time2 Researchers have concluded that all living organisms are composites of 31 

rhythms with varying frequencies that may range from seconds to seasons. Perhaps the 32 

best known and studied chronobiologic frequency is the circadian rhythm which 33 
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approximates the earth's 24-hour rotation around the sun. Researchers have recently 34 

concluded that both disease states and drug therapy are affected by a multitude of 35 

rhythmic changes that occur within the human body1  36 

Biological rhythm 37 

A biological rhythm is a self-sustaining process inside the human body. It is 38 

defined as the process that occurs periodically in an organism in conjugation with and 39 

often in response to periodic changes in environmental condition. Our bodies’ rhythm, 40 

also known as our biological clock, and the rhythm of the solar system that change night 41 

to day and lead one season into another. Our internal clocks are also dictated by our 42 

genetic makeup3. 43 

There are 4 types of rhythms in our body 44 

1. Ultradian: Which are cycles shorter than a day  45 

      E.g. Milliseconds take for a neuron to fire or a 90- minute sleep cycle. 46 

2. Circadian: Which last about 24 hours 47 

      E.g. sleeping and walking patterns. 48 

3. Infradian: It is referring to cycles longer than 24 hours.  E.g. Menstrual cycle 49 

4. Seasonal: Seasonal affective disorder (SAD), which causes depression in 50 

susceptible people during the short days of winter. 51 

 52 

1.1 Circadian rhythm 53 

 54 

Biological rhythm within a single day is termed as circadian rhythm. Here, the 55 

oscillation time is 24 hours. Human circadian rhythm is based on sleep -activity cycle, is 56 

influenced by our genetic makeup and hence, affects the body’s function day and night 57 

(24-Hrs period).4 The dependence of body’s functions in certain disease states on circadian 58 

rhythm is well known. Chronobiological studies have established circadian rhythm for 59 

almost all body functions, e.g. Heart rate, blood pressure, body temperature, plasma 60 

concentration of various hormones, gastric pH and renal function5 61 

1.1.1 Generation of circadian rhythm 62 

 63 
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The circadian rhythm is first coined by Halberg and Stephens in 19596. The human 64 

circadian time structure represents peak of actions directly related to the daily routine of most 65 

human beings. As human physiology and biochemistry predictably vary during 24 hour 66 

period. It is easy to understand that some medical conditions present prevalence at certain 67 

periods of the day.  68 

Figure 1: Generation of circadian rhythm 69 

 70 

 71 

 72 

  73 

Figure 1 represents suprachiasmatic nucleus present in brain (SCN). It acts as biological 74 

clock and generates biological rhythm by control of clock genes. The rhythm cycle is 75 

generated by SCN and it calibrated by tarnation of dark and brightness both through 76 

melatonin secretion through penal gland. Secretion of various hormones like aldosterone, 77 

rennin, and cortisol is fluctuated in bloodlevels7. 78 

 79 

1.1.2 Circadian time structure 80 

 81 

The results of numerous biological rhythm studies help to define the temporal 82 

organization of human beings. One means of illustrating the human circadian time structure is 83 

to depict the peak time of 24-h rhythms on a clock-like diagram like that shown in Fig. 2.This 84 

figure shows the peak time of a select number of human circadian rhythms in relation to the 85 

typical synchronizer routine of most human beings-sleep in darkness from 10.30 P.M to 6.30 86 

A.M and activity during the light of the day between 6.30 A.M and 10.30 P.M. The peak 87 

gastric acid secretion, white blood cells count (WBC), calcitonin gene related protein, and 88 

atrial natriuretic peptide occurs late at night or early in sleep. Growth and thyroid stimulating 89 
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hormone (TSH), blood lymphocyte and eosinophil number, and plasma melatonin and 90 

prolactin crest during sleep as do the adrenocorticotropic (ACTH), follicle stimulating (FSH), 91 

and luteinizing (LH) hormones. Plasma cortisol, renin activity, angiotensin, and aldosterone 92 

peak in the morning as do arterial compliance, vascular resistance, platelet aggregation, and 93 

blood viscosity. Haemoglobin and insulin concentrations peak at noon and in the afternoon, 94 

as do the spirometric measures of airways caliber FEV1 (forced expiratory volume in 1 s) and 95 

PEF (peak expiratory flow rate). 96 

The circadian rhythms of serum cholesterol and triglycerides and urinary diuresis 97 

crest early in the evening. The information conveyed in this figure clearly illustrates that the 98 

biochemistry and physiology of human beings are not constant; rather, they are variable in a 99 

predictable and coordinated manner during the 24h8. 100 

 101 

Figure 2: Human circadian time structure. 102 

 103 

 104 

The above figure represents the approximate peak time of circadian (24-h) rhythms of 105 

selected biological variables in persons adhering to a normal routine of daytime activity (~6–106 

7 a.m. to 10–11 p.m.) alternating with night time sleep9 - 11 107 

2.0 Concepts of chrono therapeutics, depends on the following concepts12 108 

 109 

2.1 Chrono biology 110 
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Chronobiology is the science concerned with the biological mechanism of the 111 

diseases according to a time structure. “Chrono” pertains to time and “biology” 112 

pertains to the study, or science, of life. 113 

2.2 Chrono pharmacology 114 

Chronopharmacology is the science concerned with the variations in the 115 

pharmacological actions of various drugs over a period of time of the day. 116 

2.3 Chrono pharmacokinetics 117 

Chronopharmacokinetics involves study of temporal changes in drug absorption, 118 

distribution, metabolism and excretion. Pharmacokinetic parameters, which are 119 

conventionally considered to be constant in time, are influenced by different 120 

physiological functions displaying circadian rhythm. Circadian changes in gastric acid 121 

secretion, gastrointestinal motility, gastro intestinal blood flow, drug protein binding, 122 

liver enzyme activity, renal blood flow and urinary pH can play role in time 123 

dependent variation of drug plasma concentrations. 124 

2.4 Chronotherapy:  125 

Coordination of biological rhythms with medical treatment is called Chronotherapy. 126 

Chronotherapeutics refers to a treatment method in which in vivo drug availability is 127 

timed to match rhythms of disease in order to optimize therapeutic outcomes and 128 

minimize side effects. It is based on the observation that there is an interdependent 129 

relationship between the peak-trough rhythmic activity in disease symptoms and risk 130 

factors, pharmacologic sensitivity and pharmacokinetics of many drugs 131 

2.5 Need of chronotherapeutic drug delivery systems13-14 132 

 133 

2.5.1 Many body functions follow circadian rhythm, i.e., their activity increases or 134 

decreases with time. A number of hormones like rennin, aldosterone, and 135 

cortisol show daily as well as timely fluctuations in their blood levels. 136 

Circadian effects are also observed in case of pH and acid secretion in 137 

stomach, gastric emptying, and gastro-intestinal blood transfusion. 138 

2.5.2 Acid secretion, gastric emptying, cholesterol synthesis, and gastrointestinal 139 

blood transfusion may alter with circadian rhythm. 140 

2.5.3 Chrono pharmacotherapy of diseases which shows circadian rhythms in their 141 

path physiology like bronchial asthma, myocardial infarction, angina pectoris, 142 

rheumatic disease, ulcer, and hypertension. 143 
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2.5.4 Lag time is essential for those drugs undergo acidic degradation (e.g. peptide 144 

drugs) that irritate the gastric mucosa or induce nausea and vomiting. 145 

2.5.5 Targeting a drug to distal organs of gastro-intestinal tract (GIT) like the colon 146 

the drug release should be prevented in the upper two-third portion of the GIT. 147 

2.5.6 Drugs which undergo extensive first pass metabolism are easily given by 148 

pulsatile drug delivery system. 149 

2.5.7 Drugs that produce biological tolerance due to continuous exposure of drug 150 

2.6 Advantages of Chronotherapy 151 

2.6.1 Chronotherapy is drug-free  152 

2.6.2 Chronotherapy is more effective when a person sleeps for several hours. 153 

2.6.3 While Chronotherapy patients often fall asleep this improves their condition 154 

and confidence as well. 155 

2.6.4 Chronotherapy is different from other treatments because it got the beginning, 156 

middle, and an end. So one can predict easily the point at which it will work. 157 

2.6.5 It gives you a new schedule like getting up and sleeping early which will be 158 

quite unusual for some days but it will give you a period to adjust 159 

psychologically 160 

2.6.6 Improved stability 161 

2.6.7 No risk of dose dumping15 162 

2.7 Disadvantages of Chronotherapy 163 

2.7.1 It develops a non 24 hours sleep wake syndrome after the treatment as the 164 

person sleeps or over 24 hours during the treatment. 165 

2.7.2 Person become less productive during Chronotherapy and staying awake till 166 

the other schedule will be a bit uncomfortable. 167 

2.7.3 Medical supervision is mandatory for this therapy. 168 

2.7.4 Large number of process variables. 169 

2.7.5 Trained /skilled person is needed for manufacturing16 170 

 171 

3.0 Diseases of known pathogenesis associated with oscillatory changes of body  172 

Before designing a chronotropic or pulsatile drug delivery system, understanding of a 173 

disease and role of circadian rhythm in its pathophysiology is required. Diseases that are 174 

currently targeted by chronotropic systems are those for which there is enough scientific 175 

background to justify their need for chronotropic systems as compared to conventional drug 176 

delivery systems. Particular rhythms in the onset and extent of symptoms were observed in 177 
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diseases such as bronchial asthma, myocardial infarction, angina pectoris, rheumatic disease, 178 

ulcer, diabetes, attention deficit syndrome, hypercholestemia and hypertension. Table 1 179 

enumerates various diseases and their chronological behaviour.  180 

In case of asthma, aggravation of attacks occur in early morning or after midnight, the 181 

reason is low lung function is promoted by circadian changes at that time (due to release of 182 

nor epinephrine and epinephrine). Also in case of cardiovascular diseases several functions of 183 

heart (blood pressure, heart rate, stroke volume, cardiac output, and blood flow) get affected 184 

according to circadian changes leading to angina, hypertension, myocardial infarction, stroke 185 

etc. Circadian variations of glucose and insulin in diabetes have been extensively studied. 186 

Furthermore circadian changes also contribute in lipid metabolism in patients as well as in 187 

normal subjects, leading to complication in cholesterol synthesis in patients17. Plasma 188 

concentration of C - reactive protein and interleukin-6 increases in rheumatic patients during 189 

morning hours due to circadian changes.  190 

TABLE 1: Circadian rhythm and the manifestation of clinical disease 191 

 192 

Disease Chronological behavior Drugs 
Asthma Exacerbation more common 

during the sleep period & 
attacks after 
midnight or at early morning 
hours 

β2 agonist, Antihistamines 

Allergic rhinitis Worse in the morning/upon 
rising 

Antihistamines 

Hormone secretion Growth hormone and 
melatonin produced at night 
testosterone and 
cortisol in morning hr. 

Corticosteroids 

Rheumatoid arthritis Pain in the morning and 
more pain at night 

NSAIDs, Glucocorticoids 

Osteoarthritis Symptoms worse in the 
middle/later portion of the 
day 

NSAIDs 

Angina Pectoris Chest pain and ECG 
changes more common in 
early morning 

Anti anginal drugs 

Hypercholesterolemia Cholesterol synthesis is 
generally higher during 
night than day time 

HMG CoA reductase 
inhibitors 

Myocardial Infraction Incidence higher in the early 
morning 

Cardiovascular agents 

Stroke Incidence higher in the 
morning 

Cardiovascular agents 

Sudden cardiac death Incidence higher in the Cardiovascular agents 
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morning after awakening 
Diabetes mellitus Increased blood sugar level 

after meal 
Sulfonylurea, Insulin 

Peptic ulcer disease Acid secretion high in 
afternoon and at night 

H2 blockers 

 193 

4.0 Chronotherapeutic Drug Delivery Systems 194 

Chronotherapeutics refers to the clinical practice of synchronizing drug delivery in a 195 

manner consistent with the body's circadian rhythm to produce maximum therapeutic activity 196 

and minimum side effects by determining the best biological time for drug dosing. The basic 197 

concept for new drug delivery systems for safety and efficacy of the drug by coordinating the 198 

peak plasma concentration of the drug with the circadian rhythm of the body is to 199 

synchronize drug release with the circadian rhythm of the body. Several techniques have been 200 

developed and applied to design chronopharmaceutic delivery systems for desired drug 201 

release. 202 

These techniques are broadly classified into following three major categories: 203 

 204 

1. Time controlled chronotropic systems. 205 

2. Stimuli induced pulsatile drug delivery systems 206 

3. Externally regulated pulsatile drug delivery systems 207 

 208 

5.0 Novel Approach to PDDS : Floating Pulsatile Drug Delivery System 209 

Nowadays, chronotherapeutic formulations are developed, specifically to time-controlled 210 

release dosage forms, in order to achieve the maximum drug concentration in the plasma at 211 

the peak time of the symptomatology. To follow this principle, dosage form ought to be taken 212 

at the convenient time before sleep, providing maximum drug release in the morning. The 213 

major disadvantage of these systems reclines in achieving long residence time which is 214 

desired for diseases needing morning medication. With conventional pulsatile release dosage 215 

forms, the highly variable nature of gastric emptying process can result in vivo variability and 216 

bioavailability problems.18To overcome this novel approach term as floating pulsatile drug 217 

delivery system was developed. 218 

A combination of floating and pulsatile principles of drug delivery system would have 219 

the advantage that a drug can be released in upper GI tract after a defined time period of no 220 

drug release.19 A pulsatile drug delivery that can be administered at bed time but releases 221 

drug in early morning would be a promising chronotherapeutic system. 222 

5.1 The potential benefits of floating pulsatile drug delivery system 223 
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5.1.1 Retention of drug delivery system in stomach prolongs overall. 224 

5.1.2 Acidic substance like aspirin cause irritation on the stomach wall when come into 225 

contact with it hence floating pulsatile formulation may be useful for administration 226 

of aspirin and other similar drugs. 227 

5.1.3 It has application also local drug delivery to the stomach and proximal small intestine 228 

e.g., ranitidine for nocturnal acid breakthrough. 229 

5.1.4 No risk of dose dumping.20 230 

5.1.5 The formulation is to be taken after meal, where immediate release dose will provide 231 

from acid secretion in response to the meal; while time controlled floating pulsatile 232 

tablet with delay “burst” release will attenuate midnight acidity. This will provide an 233 

ideal therapeutic regimen with enhanced patient compliance. 234 

5.1.6 Floating pulsatile drug delivery system for obtaining no drug release during floating 235 

and rapid drug release in distal small intestine to achieve chronotherapeutic release 236 

e.g. indomethacin. Floating with no drug release in acidic medium by pulse drug 237 

release in basic medium. 238 

5.1.7 When there is vigorous intestine movement and short transit time as might occur in 239 

certain type of diarrhoea, poor absorption is expected. Under such circumstances, it 240 

may be advantageous to keep the drug in floating condition in stomach to get relative 241 

better response. 242 

5.1.8 Floating pulsatile drug delivery increase drug bioavaibility; predictable, reproducible, 243 

and improved generally short gastric residence time; no risk of dose dumping; local 244 

drug action; and the flexibility to blend dosage form with different composition and 245 

release pattern. 246 

5.2 Disadvantages 247 

5.2.1 Drug which are irritant to gastric mucosa is  not desirable or suitable 248 

5.2.2 The dosage form should be administered with full glass of water (200-250ml) 249 

5.2.3 Manufacturing this type of dosage form requires multiple formulation steps, higher 250 

cost of production, need of advance technology, and trained or skilled person. 251 

5.3 List of polymers used for floating pulsatile drug delivery systems 252 

5.3.1 Polymers used for buoyancy layer 253 
 254 

Carbopol 934p, Methocel, Hydrogenated Castor oil, low methoxy pectin, HPMC K 255 

100M and Sodium bicarbonate, PVP K-30, Cellulose acetate or HPMC, Polyethylene 256 

glycol 4000,anhydrous citric acid, Sodium bicarbonate, Glycerol behenate (compritol 257 

888), Methocel E5. 258 
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5.3.2 Polymers used for pulsatile release: 259 

Methocel E 15,Ethocel 45P,low methoxy pectin, Eudragit S100,Eudragit L 100, 260 

Eudragit RS 100 and RL 100, Cellulose acetate, Ethyl cellulose, Eudragit NE 30D. 261 

5.3.3 Recently porous carriers has been used in floating pulsatile systems: 262 

Porous calcium silicate, Poly propylene foam powder, Magnesium Alumino Meta 263 

silicate, porous ceramic and porous silicon dioxide 264 

6.0 Design of floating pulsatile drug delivery systems 265 

The purpose of designing by which the drug is released from dosage form depends on the 266 

type of coating; insoluble coating under all physiological conditions, pH-dependent coating 267 

whose solubility changes dramatically at some point in GI tract, and slowly erodible coating. 268 

The method of application and processing conditions may influence the porosity of the 269 

coating and consequently the release mechanism.  270 

  Less obvious but also important to the kinetics of release are the influences of the core 271 

formulation, in terms of both physical properties and amounts of the drug and excipient 272 

materials present, and physiological environment to which the drug is released. 273 

          In multi particulate pulsatile delivery systems, the swelling and rupturing; dissolution 274 

or erosion; and changed permeability of the coating membrane are primarily involved in the 275 

control of release. The development of low-density floating multi particulate pulsed release 276 

dosage forms possessing gastric retention capabilities has also been addressed with increasing 277 

focus on the upcoming multi particulate-pulsatile technologies being exploited on an 278 

industrial scale. 279 

6.1 Time controlled floating pulsatile drug delivery system 280 

Time-dependent dosage forms are formulated to release their drug load after a 281 

predetermined lag time. The release mechanisms employed include bulk erosion of 282 

the polymer, in which drug by diffusion is restricted, surface erosion of layered 283 

devices composed of altering drug-containing and drug-free layers, and osmotically 284 

controlled erosion coating layer 285 

6.2  Different Mechanisms: 286 

6.2.1 Reservoir System with Eroding Polymer or Soluble Barrier Coating: 287 

A pulsatile-floating drug delivery system consists of three different parts, a core 288 

tablet, containing the active ingredient; an erodible outer shell; and a top cover 289 

buoyant layer, as shown in [Figure 3]. One layer is for buoyancy and the other for 290 

drug pulsatile release 291 
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Fig: 3 292 

 293 

 294 

The pulsatile release system with various lag times was prepared by compression with 295 

different erodible polymeric layers. Combined usage of hydroxypropyl methylcellulose 296 

(HPMC) and carbomer in a gastric floating or mucoadhesive drug delivery system has been 297 

reported19-20
 to improve the floating properties or mucoadhesiveness of the combined system. 298 

The novel system could result in1 a floating dosage form with a prolonged gastric residence 299 

time and in2 a pulsatile dosage form, in which the drug is released rapidly in a time-controlled 300 

manner after rupturing of the coating. Floating-pulsatile concept was applied to increase the 301 

gastric residence of the dosage form having lag phase followed by a burst release21.   302 

 303 

6.2.2 Reservoir System with Rupturable Coating:  304 

Reservoir-type delivery systems based on the expansion of the core have been evaluated 305 

for both floating delivery systems having a lower density than GI fluids, and for 306 

pulsatile systems in which the core expansion causes rupturing of the coating to allow 307 

rapid drug release22.  308 

The major challenge was to develop a tablet which can float and also provide a burst 309 

release once the outer time-lagged coating ruptures23.  Therefore, we have incorporating 310 

low-density material like wax and other excipients like super disintegrants and/or low-311 

viscosity grade swelling polymers which allows high water penetration into the core, 312 

pulsatile release profile from a time-lagged coating using a combination of rupturable 313 

and erodible, are required. A blend of floating and pulsatile principles of drug delivery 314 

system seems to present the advantage that a drug can be release in the upper GI tract 315 

after a definite time period of no drug release, intended for chronotherapy in nocturnal 316 

acid breakthrough. This pattern was achieved by using a programmed delivery of 317 

ranitidine hydrochloride from a floating tablet with time-lagged coating. The 318 

functionality of the outer polymer coating i.e. percentage weight ratio of ethyl cellulose 319 
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(EC) to HPMC in the coating formulation and coating level (% weight gain) used to 320 

predict lag time and drug release. The proposed mathematical model is found to be 321 

robust and accurate for optimization of time-lagged coating formulations for 322 

programmable pulsatile release of ranitidine hydrochloride, consistent with the demands 323 

of nocturnal acid breakthrough. Krogel and Bodmeier developed floating and pulsatile 324 

drug delivery systems based on a reservoir system consisting of a drug-containing 325 

effervescent core and a polymeric coating.24Studies identified important core and 326 

coating properties for the two systems. For the floating system, a polymer coating with 327 

a high elongation value and high water- and low CO2 permeabilities was selected 328 

(Eudragit; RL: acetyl tributyl citrate) in order to initiate the effervescent reaction and 329 

the floating process rapidly, whereas for the pulsatile drug delivery system, a weak, 330 

semipermeable film which ruptured after a certain lag time was best (EC: dibutyl 331 

sebacate). With the floating system, the polymeric coating did not retard the drug 332 

release. A polymer (cellulose acetate or HPMC) was added to the core to control the 333 

drug release. The time to float could be controlled by the composition (type of filler, 334 

concentration of effervescent agents) and hardness of the tablet core and the 335 

composition (type of polymer and plasticizer) and thickness of the coating. For the 336 

pulsatile system, a quick releasing core was formulated in order to obtain a rapid drug 337 

release after the rupture of the polymer coating. The lag time prior to the rapid drug 338 

release phase increased with increasing core hardness and coating level. Floating 339 

multilayer coated tablets were designed based on gas formation. The system consists of 340 

a drug-containing core tablet coated with a protective layer (HPMC), a gas-forming 341 

layer (sodium bicarbonate), and a gas-entrapped membrane, respectively.25The 342 

mechanical properties of acrylic polymers (Eudragit; RL 30D, RS 30D, NE 30D) and 343 

EC were characterized. Eudragit; RL 30D was chosen as Gas-entrapped membrane due 344 

to its high flexibility and high water permeability. The obtained tablets enabled to float 345 

due to the CO 2 gas formation and the gas entrapment by polymeric membrane. The 346 

effect of formulation variables on floating properties and drug release was investigated. 347 

The floating tablets using direct-compressed cores had shorter time to float and faster 348 

drug release than those using wet granulated cores. The increased amount of a gas-349 

forming agent did not affect time to float but increased the drug release from the 350 

floating tablets, while increasing coating level of gas-entrapped membrane increased 351 

time to float and slightly retarded drug release. These floating tablets seem to be a 352 

promising gastro retentive drug delivery system. 353 
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6.2.3 Capsule Shape System Provided With Release Controlling Plug  354 

This novel system consists of a drug tablet placed within an impermeable polymeric 355 

cylinder closed with an erodible drug-free plug and floating material filled at the bottom 356 

as shown in Figure 4. When in contact with the aqueous fluids, the erodible drug-free 357 

plug is responsible for a lag phase preceding the onset of release and the floating 358 

material filled at the bottom is responsible for buoyancy properties of the formulation 359 

                             360 

 361 

Fig: 4 362 

                              363 

A blend of floating and pulsatile principles of drug delivery system seems to present the 364 

advantage that a drug can be released in the upper GI tract after a definite time period of 365 

no drug release26 System was to develop and evaluate a floating and pulsatile drug 366 

delivery system based on an impermeable cylinder. Pulsatile capsule was prepared by 367 

sealing the drug tablet and the buoyant material filler inside the impermeable capsule 368 

body with erodible plug. The drug delivery system showed typical floating and pulsatile 369 

release profile, with a lag time followed by a rapid release phase. The lag time prior to 370 

the pulsatile drug release correlated well with the erosion properties of plugs and the 371 

composition of the plug could be controlled by the weight of the plug. The buoyancy of 372 

the whole system depended on the bulk density of the dosage form. Gamma-373 

scintigraphic evaluation in human beings was used to establish methodology capable of 374 

showing the subsequent in vivo performance of the floating and pulsatile release 375 

capsule. The pulsatile release capsule prepared could achieve a rapid release after lag 376 

time in vivo, which was longer than that in vitro.  377 
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The scintigraphic evaluation could confirm qualitatively that the system with in 378 

vitro lag time of 4.0 hours provided, with relatively high reproducibility, a pulsatile 379 

release occurred around 5.0 hours after administration.  380 

A multifunctional drug delivery system based on HPMC-matrices (tablets) placed 381 

within an impermeable polymeric cylinder27was developed. Depending on the 382 

configuration of the device, extended release, floating or pulsatile drug delivery systems 383 

could be obtained. The release behavior of the different devices was investigated as a 384 

function of its viscosity grade, HPMC content, type of drug (chlorpheniramine maleate 385 

or ibuprofen), matrix weight, position of the matrix within the polymeric cylinder, 386 

addition of various fillers (lactose, dibasic calcium phosphate, or microcrystalline 387 

cellulose), and agitation rate of the release medium. The release was fairly independent 388 

of the agitation rate, the position of the tablet within the polymeric cylinder, and the 389 

length of the cylinder. With the pulsatile device, the lag time prior to the drug release 390 

could be controlled through the erosion rate of the matrix (matrix weight and 391 

composition). 392 

6.2.4 Multiparticulate Drug Delivery System  393 

Functional membranes (referred to as lag-time coating) are formed of a typical pellet or 394 

bead in a multiparticulate system with bi-modal pulse. It comprises of an external 395 

water-insoluble polymer (e.g., EC) or enteric polymer (e.g., hypromellose phthalate) 396 

over an immediate release drug layer, followed by a release control polymer over the 397 

timed pulsatile release drug layer applied on core granules. Multiparticulate systems are 398 

made by using this type of methods as systems based upon change in membrane 399 

permeability, systems with soluble or eroding polymer coatings, and systems based 400 

upon rupturable coating. 401 

Figure 5 402 

                       403 

Multiparticulate pulsatile release dosage forms like Reservoir systems with rupturable 404 

polymeric coatings, soluble or eroding polymer coatings and changed membrane 405 

permeability are having longer residence time in the GI tract and due to highly variable 406 
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nature of gastric emptying process, may result in poor and bioavailability problems in 407 

vitro/in vivo relationship. In contrary, floating multiparticulate pulsatile dosage forms 408 

reside in stomach only and are not affected by variability of pH, local environment, or 409 

gastric emptying rate. These dosage forms are also specifically advantageous for drugs 410 

either absorbed from the stomach, requiring local action, or distal part of small 411 

intestine. Overall, these considerations led to the development of multiparticulate 412 

pulsatile release dosage forms possessing gastric retention capabilities. Floating 413 

pulsatile concept was applied to increase the gastric residence of the dosage form 414 

having lag phase followed by a burst release. 415 

Shaji and Patole developed a multiple-unit, floating-pulsatile drug delivery system 416 

(FPDDS) for obtaining no drug release during floating and in the proximal small 417 

intestine followed by pulsed, rapid drug release to achieve chronotherapeutic release of 418 

indomethacin.28 The system developed consists of drug-containing core pellets prepared 419 

by extrusion-spheronization process, which were coated with an inner pH-dependent 420 

layer of Eudragit S100 and outer effervescent layer of sodium bicarbonate and HPMC 421 

K100M. Pellets showed instantaneous floating with no drug release in acidic medium 422 

followed by pulsed drug release. The system showed excellent lag phase followed by 423 

burst release, which gives site- and time-specific delivery of indomethacin acting as per 424 

chronotherapy of rheumatoid arthritis. 425 

Polysaccharides are widely used in oral drug delivery systems because of the simplicity 426 

to obtain the desired drug delivery system and drug release profile, by the control of 427 

cross-linking, insolubility of cross-linked beads in gastric environment, and broad 428 

regulatory acceptance. Badve et al. developed hollow calcium pectinate beads for 429 

floating-pulsatile release of diclofenac sodium or aceclofenac intended for 430 

chronopharmacotherapy.29To overcome limitations of various approaches for imparting 431 

buoyancy, hollow/porous bead30were prepared by simple process of acid-base reaction 432 

during ionotropic crosslinking. In vivo studies by gamma scintigraphy determined on 433 

rabbits showed gastroretention of beads up to 5 hours. The floating beads provided 434 

expected two-phase release pattern with initial lag time during floating in acidic 435 

medium followed by rapid pulse release in phosphate buffer. This approach suggested 436 

the use of hollow calcium pectinate microparticles as promising FPDDS for site- and 437 

time-specific release of drugs acting as per chronotherapy of diseases. 438 

Sharma and Pawar reported that a blend of floating and pulsatile principles of drug 439 

delivery system would have the advantage that a drug can be released in the upper GI 440 
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tract after a definite time period of no drug release. A multiparticulate FPDDS was 441 

developed using porous calcium silicate (Florite RE; [FLR]) and sodium alginate, for 442 

time- and site-specific drug release of meloxicam for chronopharmacotherapy of 443 

rheumatoid arthritis.31 Meloxicam was adsorbed on the FLR by fast evaporation of 444 

solvent from drug solution containing dispersed FLR. Drug adsorbed FLR powder was 445 

used to prepare calcium alginate beads by ionotropic gelation method.  446 

Floating time was controlled by density of beads and hydrophobic character of drug 447 

Sher et. al. was to design a novel/conceptual delivery system using ibuprofen, 448 

anticipated for chronotherapy in arthritis with porous32material to overcome the 449 

formulation limits (multiple steps, polymers, excipients) and drug loading for a desired 450 

release profile suitable for in vitro investigations. This delivery system lies in the 451 

availability of maximum drug amount for absorption in the wee hours as recommended. 452 

Drug loading on porous carrier, synthesized by high internal phase emulsion technique 453 

using styrene and divinylbenzene, was done through solvent evaporation using 454 

methanol (M) and dichloromethane (DCM). This uniqueness helped in achieving the 455 

least drug release an ideal one, without using any release modifiers, making it distinct 456 

from other approaches/technologies for time-controlled release and for chronotherapy. 457 

Chronotherapy, a new approach for treating pathological conditions, is based on 458 

circadian rhythm. Present work conceptualizes a specific technology has been 459 

conceptualized, based on combining floating and pulsatile principles to develop drug 460 

delivery system,33  intended for chronotherapy in arthritis. This approach was achieved 461 

by using low-density microporous polypropylene, Accurel MP 1000; , as a 462 

multiparticulate carrier along with drug of choice Ibuprofen. Carrier amount and solvent 463 

volume was kept invariant in designing this simple system by adsorbing drug through 464 

melting or solvent evaporation using different carrier: drug ratios. In solvent 465 

evaporation, M and DCM were used. Drug-loaded multiparticulate system was 466 

subjected to various characterization and evaluation parameters showing influence of 467 

adsorption process. Present drug delivery system devoid of any additives/excipients 468 

influencing drug release shows distinct behaviour from other approaches/technologies 469 

in chronotherapy by (a) observing desired low drug release (11%) in acidic medium, (b) 470 

overcoming the limitations of process variables caused by multiple formulation steps, 471 

(c) reducing time consumption due to single step process, and (d) can be extended to 472 

controlled release also. 473 
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A novel multiparticulate gastro retentive drug delivery system has been 474 

developed.34Floating microparticles consisting of (i) polypropylene foam powder; (ii) 475 

verapamil HCl as model drug; and (iii) Eudragit RS, EC or polymethyl methacrylate as 476 

polymers were prepared with an O/W solvent evaporation method. The effect of various 477 

formulation and processing parameters on the internal and external particle 478 

morphology, drug loading, in vitro floating behaviour, in vitro drug release kinetics, 479 

particle size distribution, and physical state of the incorporated drug was studied. The 480 

size of the microparticles was almost independent of the drug loading, but strongly 481 

depended on the amount of polymer. The drug was partly dissolved and partly in the 482 

amorphous form, distributed throughout the system. 483 

7.0 In Vitro evaluation parameters for single Unit FPPDS: (Tablet)35 
484 

1. Drug excipient compatability study 485 

(i) FTIR  486 

(ii)  DSC 487 

(iii)  XRPD 488 

2. Uniformity of weight 489 

3. Hardness 490 

4. Thickness and Diameter 491 

5. Friability 492 

6. Content uniformity 493 

7. Buoyancy study 494 

8. Floating lag time 495 

9. Swelling index 496 

10. Pulsatile lag time 497 

11. Dissolution study 498 

8.0 In vitro evaluation parmeters for Multi particulate FPDDS:31 499 

1. Drug excipient compatability study 500 

(i) FTIR  501 

(ii)  DSC 502 

(iii)  XRPD 503 

2. Particle size analysis 504 

3. Percent yield 505 

4. Entrapment efficiency 506 

5. Surface topography  507 
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6. Buoyancy study 508 

7. Floating lag time 509 

8. Pulsatile lag time 510 

9. Dissolution study 511 

9.0 In vivo evaluation parameters:36 512 

1. X –Ray Study 513 

2. Gamma Scinitigraphy 514 

3. Ultrasonography 515 

4. Alternating current biosusceptometry   516 

5. Magnetic resonance imaging 517 

Conclusion: 518 

  This review emphasizes on chronotherapeutic drug delivery based on novel concept 519 

which is a blend of floating pulsatile principles. With conventional pulsatile release dosage 520 

forms, the highly variable nature of gastric emptying process can result in vivo variability and 521 

bioavailability problems. To overcome this, novel approach floating pulsatile drug delivery 522 

system was developed. This novel floating pulsatile drug delivery system plays a vital role in 523 

the treatment of various diseases like bronchial asthma, myocardial infarction, angina 524 

pectoris, rheumatic disease, ulcer, diabetes, attention deficit syndrome, hypercholesterolemia, 525 

and hypertension that rely on circadian rhythms which is genetically present in human beings.   526 

                 Different methods of FPDDS are time-controlled FPDDS which includes delivery 527 

systems with rupturable coating layer or with erodible coating layers or with release 528 

controlling plug and multiparticulate system. These considerations, coupled with the potential 529 

therapeutic benefits of FPDDS, should ensure that the current high level of interest in this 530 

area would extend well into future and result in the betterment of quality of life. 531 

  532 

UNDER PEER REVIEW



References: 533 

1. Sajan J, Cinu TA, Chacko AJ, Litty J, Jaseeda T. Chronotherapeutics and 534 

Chronotherapeutic Drug Delivery Systems. Tropical J Pharm Res 8(5): 2009; 467-75.  535 

2. Trivedi RV, Wadher KJ, Taksande JB, Mahore JG, Umekar MJ. Chronotherapy: A 536 

Concept, Pauperism and Approches. Int J Pharma Dev Tech. 1(1): 2011; 1-10. 537 

3. Sudhamani T, Radhakrishanan M, Deepthlakshmi M, GanseanV, Chronotherapeutic 538 

floating pulsatile drug delivery: An Approach for time specific and site specification 539 

absorption of drugs, Research Journal of Pharmaceutical Technology, 4(5), 2011, 685-540 

690. 541 

4. Evans RM, Marain C, Taking Your Medication: A Question of timing. American 542 

Medical Association: 1996, 3-8. Marain C, editors, eds.  543 

5. Li, JJ, Circardian variation in myocardial ischemia: the possible mechanisms involving in 544 

this phenomenon. Med Hypotheses 61(2), 2003, 240-243. 545 

6. Halbeg F, Stephens A, susceptibility to auabain and physiological circadian periodicity, 546 

Proc Minn Acsd sci, 27,1959, 139-43. 547 

7. Gunny.R, Junginger H E, Peppas N, Pulsatile drug delivery system: current applications 548 

and future trends, stuftgart, Germany, wissenchtflich, velagsggels, 1993.  549 

8. Devdhawala Mehul G. and Seth Avinash K, Current status of Chronotherapeutic drug 550 

delivery system: An overview, J.Chem. Pharm. Res., 2(3):312-328, 201  551 

9. Rathee P, Hooda A, Rathee, S, Kumar V, Jain M, A Biological rhythm-guided approach 552 

to drug delivery:Chronopharmaceutics, International Journal of Institutional Pharmacy 553 

and Life sciences, 1(2), 2011.  554 

10. Awasthi R, Kumar P, Chronotherapy: Science and technology of drug scheduling on 555 

basis of biological rhythm, Journal of Chronotherapy and Drug Delivery, 1(1), 2010, 9 -556 

18 557 

11. Devdhawala M, Seth A, Current status of chronotherapeutic drug delivery system: An 558 

overview, J. Chem. Pharm. Res, 2(3), 2010, 312-328. 559 

12. kakar etal, review on recent trends in pulsatile drug delivery system, universal journal of 560 

pharmacy, 02(01), 2013, 21-41 561 

13. Vinupama s, Shwetha S, Kamath. K, S. Keerthi, Senthil kumar, Pulsatile drug delivery 562 

system: a review, International Bulletin of Drug Research., 1(1): 19-31.  563 

14. Leemer, B, Chronopharmacokinetic: Implication for drug treatment, Journal of Pharmacy 564 

& Pharmacology, 51, 1999, 887-890.  565 

UNDER PEER REVIEW



15. P. Srinivas, Chronotherapy-Clock of curing, international journal of pharma and  566 

biosciences,Vol-2 ,Issue-1 , 2011, 19-23  567 

16. Smolensky GE. Medical chronobiology: concepts and applications. Am Rev RespirDis, 568 

147(6Pt ): S2-19  569 

17.  Survase S, Kumar N. Pulsatile drug delivery: current scenario. CRIPS 2007; 8: 27-33  570 

18. Chawla G, Gupta P, Koradia V, Bansal AK. Gastro retention: A Means to Address 571 

Regional Variability in intestinal    drug   Absorption. Pharm Tech2003;27:50-8.    572 

19. Shivkumar HG, Gwda DV, Kumar Pramod TM. Floating Controlled Drug Delivery 573 

Systems For Prolong Gastric residence. Indian J Pharm Educ 2004;38:172-9.   574 

20.  Li S, Lin S, Daggy B P, Mirchandani H L, Chien Y W. Effect of HPMC and Carbopol 575 

on the release and floating properties of Gastric Floating Drug Delivery System using 576 

factorial design. Int J Pharm 2003;253:13-22.   577 

21. Karavas E, Georgarakis E, Bikiaris D. Application of PVP/HPMC miscible blends with 578 

enhanced mucoadhesive properties for adjusting drug release in predictable pulsatile 579 

chronotherapeutics. Eur J Pharm Biopharm, 2006; 64: 115-6.   580 

22. Hao Zou, Xuetao Jiang, Lingshan Kong, Shen Gao. Design and evaluation of a dry 581 

coated drug delivery system with floating-Pulsatile release. J Pharm Sci 2008; 97:263-3.  582 

23.  Schultz P, Kleinebudde P. A new multiparticulate delayed release system. I. Dissolution 583 

properties and release mechanism. J Control Rel 1997; 47:181-9.   584 

24. Krögel I, Bodmeier R. Floating or pulsatile drug delivery systems based on coated 585 

effervescent cores. Int J Pharm, 1999; 187:175-4.   586 

25. Sungthongjeen S, Sriamornsak P, Puttipipatkhachorn S. Design and evaluation of 587 

floating multi-layer coated tablet based on gas formation. Eur J Pharm Biopharm 2008; 588 

69:255-3.   589 

26. Zou H, Jiang X, Kong L, Gao S. Design and gamma-scintigraphic evaluation of a 590 

floating and pulsatile drug delivery system based on an impermeable cylinder. Chem 591 

Pharm Bull 2007; 55:580-5.  592 

27.  Krögel I, Bodmeier R. Development of a multifunctional matrix drug delivery system 593 

surrounded by an impermeable cylinder. J Control Rel 1999; 61:43-50.   594 

28. Shaji J, Patole V. Novel floating pulsatile approach for chronotherapeutic release of 595 

indomethacin. Dhaka Uni J Pharm Sci 2007; 6:37-1.   596 

29. Badve SS, Sher P, Korde A, Pawar AP. Development of hollow/porous calcium pectinate 597 

beads for floating-pulsatile drug delivery. Eur J Pharm Biopharm 2007; 65:85-93.   598 

UNDER PEER REVIEW



30. Somani VG, Shahi SR, Udavant YK, Atram SC, Satpute R, Shinde NM. A floating 599 

pulsatile drug delivery system based on hollow calcium pectinate beads. Asian J Pharm 600 

2009;3:120-4 601 

31. Sharma S, Pawar A. Low density multiparticulate system for pulsatile release of 602 

meloxicam, Int J Pharm 2006; 313:150-8.   603 

32. Sher P, Ingavle G, Ponrathnam S, Benson JR, Li NH, Pawar AP. Novel/Conceptual 604 

floating pulsatile system using high internal phase emulsion based porous material 605 

intended for chronotherapy. AAPS PharmSciTech 2009; 10:1368-80.   606 

33. Sher P, Ingavle G, Ponrathnam S, Pawar AP. Low density porous carrier based 607 

conceptual drug delivery system. Microporous and Mesoporous Mater 2007; 102:290-8.  608 

34. Streubel A, Siepmann J, Bodmeier R. Floating microparticles based on low density foam 609 

powder. Int J Pharm 2002;241:279-2. 610 

35. Durga Rao Duppada. et al. / International Journal of Biological & Pharmaceutical 611 

Research. 5(5): 2014; 436-442.        612 

36. Kurrey A, Suresh PK, Singh MR. Hollow microspheres as a drug carrier: An overview of 613 

fabrication and in vivo characterization techniques. Chronicles of Young 614 

Scientists;5;2014;1-10 615 

 616 

 617 

 618 

UNDER PEER REVIEW




