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ABSTRACT 
 

The aim of present investigation was to develop press coated tablets for Floating pulsatile drug delivery of Telmisartan used for is 

a medication used for high blood pressure, heart failure, and diabetic kidney disease. The drug delivery system was designed to 

deliver the drug such a time when it could be needful of patient conditions. The press coated tablets containing Telmisartan in the 

inner core were formulated by direct compression method with an outer coating of different amount of Chitosan.  The release profile 

of press coated tablet exhibited a lag time. The optimized batch F9 gave good drug release of 99.58 % 
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INTRODUCTION 
 

In recent years, a major goal for the drug delivery research 

is turned towards the development of efficacious drug 

delivery systems with already existing active ingredients in 

case of new drug discovery.  Many of pharmaceutical 

therapeutic agents are mostly effective when made available 

at constant rates or near to absorption sites. Much effort has  

been  going  on  to  develop  sophisticated  drug  delivery  

systems  such  as  osmotic devices  for  oral  application.  Oral  

drug  delivery  system  is  more  favored  on  popular 
controlled drug delivery system in pharmaceutical research 

and development (R & D) business due to increase in 

awareness of medical and pharmaceutical community about 

the importance of safe and effective use of drug. This 

system aims to maintain plasma drug concentration within 

the therapeutic window for long period of time1. 

Traditionally, it is becoming increasingly more evident with 

the specific time that patients have to take their medication 

may be even more significant than was recognized in the 

past.  The tradition of prescribing medication at evenly 

spaced time intervals throughout the day, in an attempt to 

maintain constant drug levels throughout a 24-hr period, 

may be changing as researcher’s report that some 

medications may work better if their administration is 

coordinated with day-night patterns and biological rhythms. 

In the human body systems such as cardiovascular, 
pulmonary, hepatic and renal systems show variation in their 

function throughout a typical day. They are naturally 

followed by the internal body clocks and are controlled by 

the sleep wake cycle. This system focused on controlled or 

sustained release of drug of which has such advantages of 

nearly constant level of drug at site of administration, 

minimizing peak - valley fluctuation of drug concentration 

in body and avoidance of adverse effect because 

R eduction in dose, dosage frequency and patient efficacy 

and compliance by this delivery system also expected1. 

A release pattern of drug is not suitable in certain disease 

condition. At that time, release profile of a delivery system 

characterized by lag time. In other words, the drug should 
not release during its initial period of administration, 

followed by a rapid and complete release (pulse release) of 

drug that is called pulsatile drug delivery system. This system 

aims to deliver a drug via the oral route at a rate different 
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than constant i.e., zero order release. The lag time is the 

time interval between the dosage forms is placed into the 

aqueous environment and drug get to release from its 

dosage form after rupturing or eroding outer layer. The lag 

time between 0.5 hr to 4 hr is desire for upper region of 

gastrointestinal tract and more than 4 hr for lower portion of 

small intestine2. 

"Chronopharmaceutics" consist of two words 
chronobiology and pharmaceutics. Chronobiology is  the 

study of  biological rhythms  and  their  mechanisms.  Mainly 

mechanical rhythms in our body are:  

 Circadian - this word comes from Latin word "circa" 

means about and "dies" means day and oscillation 

completed in 24 hr 

 Ultradian - oscillation of shorter duration (more than 

one cycle per 24 hr) 

 Infradian - oscillations that are longer than 24 hr (less 

than one cycle per day)7 

Circadian rhythms are self-sustaining, endogenous 
oscillations that occur with a periodicity of  about 24 hr 

and regulate many body functions like- metabolism, sleep 

pattern, hormone production etc. PDDS are widely important 

in such wide spread disease which is mentioned below 

 Chronopharmacotherapy  of  diseases  which  shows  

circadian  rhythms  in  their Pathophysiology 

Confidential 

 Extended day time or night time activity 

 Avoiding the first pass metabolism e.g., protein and 

peptides 

 Biological tolerance (e.g., transversal nitroglycerin) 

 For targeting specific site in intestine e.g., colon 

 For time programmed administration of hormone and 
drugs 

 Gastric irritation or drug instability in gastric fluid 

 For drugs having the short half life 

 Lower daily cost to patient due to fewer dosage units 

are required in therapy 
 Reduction in dose size and dosage frequency and also 

side effects 

 

Classification of chronopharmaceutical drug delivery 

system 

Pre-Programmed Delivery System 
Time controlled pulsatile drug delivery system 
Principally, timed pulsatile delivery system is capable of 

providing one or more rapid release pulses at predetermined 

lag times or at specific sites, results in better absorption 

with effective plasma concentration-time profile for a 

therapeutic agent. Due to potential limitations of the dosage 

form size, and/or polymeric materials and their 

compositions, a few orally applicable pulsatile release 

systems are going for approach2. 

 

C a p s u l a r  structure based system 
The pharmaceutical capsular dosage form that releases its 

drug content at either at predetermined time or at a specific 

site (e.g., colon) in the gastrointestinal tract e.g., 

Pu l sin ca p .   The  drug  formulation  consists  of  insoluble  

capsular  body, swellable  and  degradable  plugs  which   

made  up  of  approved  substances  such  as hydrophilic  

polymers,  lipids  and  bioactive  molecules.  After oral 

administration this capsular system came in contact with 

the gastrointestinal fluid than hydrogel plug swells and at 

preprogrammed lag time period, the plug pushes outside 

and rapid release the drugs. Generally to developed the plug, 

polymeric substances used such as poly vinyl acetate, 

polyethylene-oxide, hydroxyl propyl cellulose etc.  This  

delivery  system  has  also  be simplify by  using  erodible  

tablet  in  place  of  hydrogel  plug.  This erodible tablet is 
completely fit in a capsule to retard the fluid entry. Top of 

capsule dissolve than this tablet erodes during release of drug 

from mouth of capsule2. 

 

System based on rupturable coating 
This is a reservoir-type time-controlled pulsatile release 

system consists of water insoluble but water permeable 

polymeric barrier which surrounded to the drug core 

subject. This drug core is formulated by using osmotic 
agents or swelling or gas producing effervescent additives. 

So that from the dosage form the drug is released from a core 

after the rupture of a surrounding polymer layer because of a 

hydrostatic pressure build-up within the system when it 

immersed into the release media.  The pressure necessary 

to rupture the coating can be achieved with gas-

producing effervescent excipients, inner osmotic pressure or 

swelling agents2. 

A time dependent pulsed release system of salbutamol 

sulfate in nocturnal asthma consisting of an effervescent 

core surrounded by consecutive layers of swelling and 

rupturable polymers was prepared and evaluated. This 

system prepared by direct compression method using 

different ratios of microcrystalline cellulose and 
effervescent agent and then coated sequentially with an inner 

swelling layer containing a hydrocolloid, hydroxypropyl 

methylcellulose E5 and an outer rupturable layer having 

Eudragit RL / RS (1:1). 

 

MATERIALS  
 
Telmisartan Procured from Shashi Pharma, Chhatral, 

Gujarat, India. Provided by Sura Labs, Dilsukhnagar. 

.Croscarmellose Sodium Loba chemie Pvt. Ltd. Mumbai, 

India .Sodium Alginate Loba chemie Pvt. Ltd. Mumbai, 

India. HPMC K100MLoba chemie Pvt. Ltd. Mumbai, India 

.Chitosan Loba chemie Pvt. Ltd. Mumbai, India .PVP K30

 Loba chemie Pvt. Ltd. Mumbai, India .Sodium 

bicarbonate Loba chemie Pvt. Ltd. Mumbai, 

India.Magnesium Stearate Loba chemie Pvt. Ltd. Mumbai, 

India .Microcrystalline cellulose Loba chemie Pvt. Ltd. 

Mumbai, India 

 

METHODOLOGY 
 

Analytical method development 

Preparation of calibration curve in 0.1N HCL 
10mg of Telmisartan pure drug was dissolved in 10ml of 

methanol (stock solution 1). 1ml of solution was taken and 

makes up with10ml of 0.1N HCL (100μg/ml) stock-2. From 

this 1ml was taken and make up with 10 ml of 0.1N HCL 

(10μg/ml) stock-3.   The above stock-II solution was 

subsequently diluted with 0.1N HCL to obtain series of 

dilutions containing and 10, 20, 30, 40 and 50μg/ml of 
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solution. The absorbance of the above dilutions was measured 

at 295 nm for 0.1N HCL by using UV-Spectrophotometer 

taking 0.1N HCL as blank. Then a graph was plotted by 

taking Concentration on X-Axis and Absorbance on  Y-Axis 

which gives a straight line Linearity of standard curve was 

assessed from the square of correlation coefficient (R2) which 

determined by least-square linear regression analysis.  

 

Formulation development of Tablets 

Formulation of core tablets by direct compression 
The inner core tablets were prepared by using direct 

compression method as shown in the table 7.3. Powder 

mixtures of Telmisartan, microcrystalline cellulose, CCS, 

talc, ingredients were dry blended for 20 min. followed by 

addition of Magnesium Stearate. The mixtures were then 
further blended for 10 min., 60mg of resultant powder blend 

was manually compressed using , Lab press Limited, India 

with a 6mm punch and die to obtain the core tablet. 

 

Formulation of mixed blend for barrier layer 
The various formulation compositions containing Sodium 

Alginate, HPMC K100M and Chitosan, magnesium stearate, 

talc and microcrystalline cellulose. Different compositions 
were weighed dry blended at about 10 min. and used as press 

coating material to prepare press-coated pulsatile tablets 

respectively by direct compression method. 

 

Preparation of press-coated tablets 
The core tablets were press-coated with 120 mg of mixed 

blend as given in Table.No7.4. 120 mg of barrier layer 

material was weighed and transferred into a 7mm die then the 

core tablet was placed manually at the center. The remaining 

of the barrier layer materiel was added into the die and 

compressed by using Lab press Limited, India. 

  

Table1: Formulation development of core tablets 

 

Ingredients C1 C2 C3 

Telmisartan 20 20 20 

Croscarmellose 

sodium 

20 40 60 

Microcrystalline 

cellulose 

Q.S Q.S Q.S 

PVP k 30 10 10 10 

Magnesium 

stearate 

3 3 3 

Talc 1 1 1 

Total weight 100 100 100 

 

Table 2: Formulations for press coated tablets 

 

Ingredients F1 F2 F3 F4 F5 F6 F7 F8 F9 

Sodium Alginate 10 20 30 - - - - - - 

HPMC K100M - - - 10 20 30 - - - 

Chitosan - - - - - - 10 20 30 

PVP K30 15 15 15 15 15 15 15 15 15 

Sodium bicarbonate 10 10 10 10 10 10 10 10 10 

Magnesium Stearate 3 3 3 3 3 3 3 3 3 

Microcrystalline cellulose Q.S Q.S Q.S Q.S Q.S Q.S Q.S Q.S Q.S 

Talc 1 1 1 1 1 1 1 1 1 

Total weight 200 200 200 200 200 200 200 200 200 

 
RESULTS AND DISCUSSION 
 

Present study was done on pulsatile tablets with different formulations F1 to F9. Formulations had weight ratio of polymers 

like Sodium Alginate, HPMC K100M and Chitosan. This section gives detailed description of the results and discussion on 

pulsatile Telmisartan tablets. 

 

Preformulation Studies 
Standardization method for estimation of Telmisartan  
Standard curves of T elm isar tan  were prepared in 0.1N HCL.  
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Table 3:  Calibration data of Telmisartan in 0.1N HCL 

 

Concentration  [µg/ml] Absorbance 

0 0 

10 0.126 

20 0.249 

30 0.364 

40 0.478 

50 0.599 

 

 
 

Fig 1: Standard Graph of Telmisartan in 0.1N HCL 

 

Table 4: Pre compression parameters of Cap core tablets 

 

F6 23.10 0.33 0.42 22.35 1.28 

C1 26.29 0.34 0.38 10.52 1.11 

           C2 27.29 0.33 0.38 13.15 1.15 

C3 28.29 0.34 0.38 13.14 1.14 

 

Table 5: Post compression parameters of Core tablet 

 

Formulation 

code 

Average Weight 

(mg) 

Hardness 

(kg/cm2) 

Friability 

(%loss) 

Thickness 

(mm) 

Drug 

content (%) 

 

In vitro 

disintegration 

time (sec) 

C1 99.12 3.13 0.24 1.21 98.18 20 

C2 100.28 3.25 0.18 1.51 99.27 12 

C3 100.77 3.34 0.22 1.60 99.13 16 

 

Table 6: Pre compression Parameters of Telmisartan coated Tablets 

 

 

Formulation 

code 

Angle of repose 

(0) * 

Bulk density 

(gm/ml) 

Tapped density 

(gm/ml) 
Carr’s index (%) 

Hausner’s 

Ratio 

F1 17.10 0.318 0.38 16.31 1.19 

F2 28.97 0.342 0.4 15.0 1.176 

F3 18.19 0.34 0.43 20.93 1.26 

F4 22.61 0.36 0.42 14.28 1.16 

F5 26.56 0.33 0.41 19.06 1.24 

F7 19.85 0.33 0.41 19.51 1.24 

F8 21.80 0.32 0.42 24.70 1.32 

F9 17.74 0.33 0.4 17.5 1.21 
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Table 7: Post compression parameters of Coated tablet 

 

Formulation 

code 

Weight variation 

(mg) 

Hardness 

(kg/cm2) 
Thickness 

Friability 

(%loss) 

Drug  

content 

(%) 

Floating 

lag time 

(min) 

Total 

Floating 

Time 

(Hrs) 

F1 200.28±0.12 5.82±0.22 2.12±0.78 0.50±0.28 99.28 3.2 5 

F2 198.03±0.95 5.66±0.51 2.67±64 0.54±0.34 98.12 3.4 10 

F3 199.98±0.74 5.09±0.95 1.85±48 0.62±0.94 99.73 3.8 10 

F4 197.57±0.64 5.16±0.46 2.45±32 0.70±0.47 100.01 3.1 5 

F5 200.48±0.37 5.77±0.37 1.98±17 0.76±0.85 97.42 3.6 10 

F6 196.61±0.56 5.62±0.55 2.12±95 0.82±0.24 99.35 3.2 9 

F7 198.38±0.33 5.94±0.48 2.44±81 0.96±0.95 98.75 2.6 8 

F8 195.73±0.76 5.81±0.72 2.89±99 0.91±0.81 99.41 2.0 11 

F9 200.05±0.84 5.19±0.22 3.18±75 0.52±0.76 99.27 3.4 12 

 

In-Vitro Drug Release Studies of Telmisartan core tablet 
 

Table 8: Drug release of Telmisartan core tablets 

 

Time (min) C1 C2 C3 

0 0 0 0 

5 12.82 18.98 7.98 

10 22.08 35.48 10.14 

15 37.41 55.58 36.98 

20 67.66 82.31 58.9 

30 91.2 96.88 92.53 

45 94.6 98.86 96.66 

60 96.92 99.76 98.27 

 

 
 

Fig 2: Cumulative % drug released of Telmisartan core tablets 

 

In vitro drug release study of Telmisartan pulsatile tablets 
 

Table 9: Cumulative % drug Release of Coated Telmisartan Tablets containing Sodium Alginate 

 

Time (hr) F1 F2 F3 

0 0 0 0 

0.5 0.14 0.13 0.12 

1 0.18 0.19 0.22 

2 0.25 0.21 5.43 

3 28.54 25.29 15.68 
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4 50.34 30.18 24.32 

5 98.37 41.72 30.62 

6  51.31 39.57 

7  60.34 44.28 

8  72.48 50.02 

9  88.68 61.25 

10  100.64 77.31 

11   84.92 

12   95.45 

 

 
 

Fig 3: Cumulative % drug release study of Telmisartan pulsatile tablets (F1, F2 & F3) 

 

Table 10: Cumulative % drug Release of Coated Telmisartan Tablets containing HPMC K100M 
 

Time (Hr) F4 F5 F6 

0 0 0 0 

0.5 0.28 0.12 0.11 

1 12.56 0.19 0.17 

2 28.18 1.95 1.35 

3 50.34 10.12 9.38 

4 85.17 21.23 20.38 

5 90.61 30.22 28.39 

6 99.76 39.15 35.59 

7   43.52 40.38 

8   49.06 52.12 

9   55.79 64.21 

10   75.34 74.86 

11   94.25 80.67 

12     94.76 
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Fig 4:   Cumulative % drug release study of Telmisartan pulsatile tablets (F4, F5 & F6)  

 

Table 11: Cumulative % drug Release of Coated Telmisartan Tablets containing Chitosan 

 

Time (hr) F7 F8 F9 

0 0 0 0 

0.5 0.19 0.16 0.12 

1 0.65 0.54 0.54 

2 1.95 1.84 0.59 

3 5.39 14.74 19.74 

4 13.73 20.38 25.38 

5 27.37 38.48 36.48 

6 41.38 47.48 45.48 

7 63.83 50.29 52.29 

8 80.29 61.27 66.27 

9 96.38 79.38 71.38 

10   86.39 78.39 

11   96.28 86.28 

12     99.58 

                   

 
 

Fig 5: Cumulative % drug release study of Telmisartan pulsatile tablets (F7, F8, F9) 
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Drug – Excipient compatibility studies 

 
Fig 6:  FTIR spectra of Telmisartan pure drug 

 
 

Fig 7: FTIR spectra of Optimized Formulation 

 

CONCLUSION 
 

Telmisartan Pulsatile dosage form was formulated by press 

coating technique. The lag time and time-controlled release 

behavior of Telmisartan from press coated tablets could be 
modulated by varying the concentration of polymer in outer 

coating layer and thickness if compression coating.  From 

formulation C1-C3 T e l m i sa r t a n  core tablets, C2 showed 

faster drug release than the other formulations. Faster drug 

release can be correlated with the less disintegration time.  

So, C2 formulation was selected as best formulation for 

further press coating and enteric coating formulations. 

Among All Formulations F9 was showed maximum % drug 

release 99.58% at 12 hours.  Hence F9 Formulation was 

considered as optimized Formulation. 
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