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Abstract 
The present study was undertaken with the objective of developing and characterizing a chronomodulated drug 
delivery system of Ipratropium Bromide to provide drug release after a predetermined lag time and thereby 
synchronize drug availability with the circadian pattern of respiratory symptoms. Ipratropium Bromide is an 
anticholinergic bronchodilator widely used in the management of obstructive airway disorders such as chronic 
obstructive pulmonary disease and bronchospasm. Since respiratory symptoms and airway resistance may exhibit 
circadian variation, a time-controlled drug delivery approach may provide improved therapeutic effectiveness 
compared with conventional immediate-release dosage forms. In the present work, Ipratropium Bromide core tablets 
were formulated using suitable excipients and evaluated for various pre-compression and post-compression 
parameters, including flow properties, weight variation, thickness, hardness, friability, drug content, and in-vitro 
drug release. The optimized core tablet formulation was subsequently coated with a suitable polymeric coating to 
achieve the desired lag time and chronomodulated release pattern. The coated formulations were characterized for 
physical properties, drug content, coating integrity, lag time, and in-vitro drug release. Among the prepared 
formulations, F8 was identified as the optimized core tablet formulation based on its satisfactory physicochemical 
properties and drug-release characteristics. The optimized core tablet was further subjected to coating, and CF5 was 
selected as the optimized chronomodulated formulation because it demonstrated the desired lag time followed by 
controlled drug release. The optimized formulation was also evaluated using different kinetic models to determine 
the mechanism of drug release and subjected to stability studies. The stability results indicated that the optimized 
formulation maintained its physical characteristics and drug-release performance during the study period. Overall, 
the findings demonstrate that the developed chronomodulated Ipratropium Bromide delivery system can provide a 
predetermined lag phase followed by drug release and may serve as a promising approach for time-controlled 
management of respiratory disorders. 
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1. Introduction 
Drug delivery systems have evolved considerably 
from conventional dosage forms toward advanced 
systems designed to deliver drugs at a predetermined 
rate, site, and time. Conventional drug delivery 
generally aims to maintain drug concentrations within 
the therapeutic range for as long as possible. However, 
many diseases exhibit significant variations in their 
symptoms and physiological responses according to 
the time of day. In such conditions, maintaining a 
constant drug concentration may not always provide 
optimal therapeutic benefit. This has led to the 
development of chronopharmaceutical drug delivery 
systems, which are designed to release the drug in 
accordance with the body's biological rhythms and the 
temporal pattern of disease symptoms.1 

Chronomodulated drug delivery systems are 
specialized dosage forms in which drug release is 
programmed according to a specific lag time followed 

by rapid or controlled drug release. These systems are 
particularly useful for diseases in which symptoms are 
more severe during a particular period of the day or 
night. The major objective of chronomodulated 
delivery is to administer the drug in advance of the 
anticipated worsening of symptoms so that an 
effective drug concentration is available when it is 
most needed. Such systems can improve therapeutic 
efficacy, reduce adverse effects, minimize 
unnecessary drug exposure, and potentially improve 
patient compliance.2 

The concept of chronotherapy is especially important 
in respiratory disorders because pulmonary function 
and airway responsiveness demonstrate circadian 
variations. In conditions such as bronchial asthma and 
chronic obstructive pulmonary disease (COPD), 
airway resistance and respiratory symptoms may 
worsen during the night or early morning hours. 
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Consequently, conventional immediate-release 
formulations administered at fixed intervals may not 
always provide adequate drug levels during these 
critical periods. A dosage form capable of providing a 
predetermined lag time followed by drug release 
during the anticipated symptom period may therefore 
offer therapeutic advantages.3 

Ipratropium bromide is a synthetic quaternary 
ammonium anticholinergic drug used primarily as a 
bronchodilator in the management of obstructive 
airway disorders. It acts mainly by blocking 
muscarinic receptors in the airways, thereby inhibiting 
acetylcholine-mediated bronchoconstriction and 
reducing airway smooth-muscle contraction. Because 
ipratropium bromide has limited systemic absorption 
and acts predominantly at the respiratory tract, it is an 
important therapeutic agent in the management of 
bronchospasm associated with COPD and, in some 
situations, asthma. However, the therapeutic 
requirement for bronchodilation may vary with the 
circadian pattern of respiratory symptoms.4 

The development of an oral chronomodulated dosage 
form of ipratropium bromide can provide an 
alternative approach for achieving time-controlled 
drug release. The formulation can be designed to 
remain intact for a predetermined period after 
administration and subsequently release the drug 
rapidly or in a controlled manner. By incorporating 
suitable polymers and coating materials, the 
formulation can be engineered to provide the desired 
lag time and release profile. Such a system may help 
synchronize drug availability with the period of 
increased respiratory symptoms, thereby improving 
the therapeutic response.5 

A typical chronomodulated system may consist of a 
core tablet containing ipratropium bromide and 
suitable excipients, surrounded by a polymeric coating 
that controls penetration of gastrointestinal fluid and 
delays drug release. The selection and concentration 
of polymers, coating thickness, and formulation 
variables play important roles in determining the lag 
time and subsequent drug-release characteristics. 
Hydrophilic and hydrophobic polymers can be used 
individually or in combination to achieve the desired 
release behavior. The optimized formulation should 
provide minimal drug release during the 
predetermined lag period followed by rapid and 
reproducible drug release.6 

The formulation of a chronomodulated drug delivery 
system requires systematic evaluation of both the 
uncoated core tablets and the coated dosage forms. 
Core tablets are generally characterized for parameters 
such as appearance, weight variation, hardness, 
thickness, friability, drug content, and in-vitro drug 
release. The coated tablets are further evaluated for 
coating integrity, lag time, cumulative drug release, 

and release kinetics. Mathematical models such as 
zero-order, first-order, Higuchi, and Korsmeyer–
Peppas models can be applied to understand the 
mechanism and kinetics of drug release. Stability 
studies are also necessary to determine whether the 
optimized formulation retains its physical 
characteristics and drug-release performance during 
storage.7 

2. Methodology 
Flow Characteristics  of  Powder Blend 
i) Bulk density 
Bulk Density is mass of powder divided by bulk 
volume. Accurately weighed 25 g of samples were 
filled in a 50 graduated cylinder and volume of 
granules in measuring cylinder was measured as bulk 
volume (Vb).8  
ii) Tapped density 
Accurately weighed 25 gm granules were filled 100 
ml graduated cylinder. Cylinders were tapped for 
specified time and tapped volume was noted. Tapping 
was continued till powder settled to constant volume. 9 

iii) Carr’s Index or Compressibility index 
Carr’s index also called as compressibility index is an 
indication of compressibility of powder. 
iv) Hausner’s Ratio 
Ratio of tapped density to bulk density is also a 
measure of flow properties and is termed as Hausner’s 
ratio.10 

v) Angle of repose 
The resistance of the produced blend  to particle flow 
was evaluated using the fixed funnel method. The 
funnel's height was maintained so that the tip of the 
funnel barely touches the mix pile. A glass funnel 
supported by a ring over a glass plate is set on a stand. 
The funnel's opening was blocked with the aid of the 
lower thumb, and an average of 100 g of microspheres 
were added to the funnel11 

Formulation  of core tablets 
The inner core tablets were prepared by using direct 
compression method as per the developed formulation 
table . Accurately weighed amounts of  Drug, MCC, 
Lycoat, SSG, Ludiflash, & Talc were dry blended for 
l5min supervene by addition of magnesium stearate & 
further blended for l0 min & manually compressed 
using punching machine to get core tablet.12 

Table 1: Formulation of  Core Tablet 
Weights Variation 
Weigh 20 tablets individually, calculate the average 
weight of tablets (total wt of tab/no. of tab) .Not more 
than two of the individual weights deviate from the 
average weight by more than the % deviation   and 
none deviates by more than twice that percent .13 

Tablet Hardness 
This is to measure crushing strength property. The 
hardness was deliberate in requisites of kg/cm2. 3 
tablets were preferred randomly and tested for 
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hardness by using Monsanto hardness tester. The 
average hardness  was taken down.14 

Friability test 
In this test pre weighed tablets well subjected to 
tumbling motion by using Roche Friabilator for a 
specified time &weight loss is measured. Procedure 
repeated 3 times &average is calculated.15 

Tablet thickness 
Tablet thickness was deliberated with the help of 
Vernier-Calipers. It was estimated by glance the 
thickness of 10-tablets of each formulation.16 

Content Uniformity 
Randomly select 10 tablets weigh and powdered — 
Then 80 mg of mix was dissolved in 100ml of 
buffer.The undissolved matter Was taken away by 
filtration through Whatman's filter paper No.41.Than 
the successive dilutions ware conceded out and 
absorbance of the diluted solutions was measured.17 

Disintegration time 
It is made up of long glass tubes that are unbolt the top 
& held aligned with a 10 mesh screen at the bottom of 
the basket assembly. One tablet was positioned in a 
piece tube and  the basket rack-was situated in a1000 
ml beaker containing 6.8 phosphate buffer solution at 
37°C±1 °C the tablet remains 2.5cm below the surface 
of the liquid. End point of the test is achieved when no 
tablet fragments remains on screen.18,19 

In-vitro Dissolution test  
In-vitro dissolution study of encrusted tab of active 
medicament was conceded out using Lab India 
DS8000 USP dissolution test apparatus. Tablet was 
instigate into the basket of the Lab-India DS-8000 
USP dissolution test apparatus it was lay down in 
proposition, 5ml of sample was introverted for half an 
hour at l0 min intervals. Samples were estimated by 
UV-spectrophotometer for incidence of active 
medicament using buffer solution as blank.20,21  
Compression Coating of  core tablets 
The optimized core tablets were compressed with 
coating rate limiting polymers, HPMC K200M & 
ethyl cellulose.Precisely weighed amount of barrier 
layer material was filled into a 12 mm flat oval shape 
die in Rotary compression tablet punch in machine 
then the core tablet was placed manually at the 
center.The remaining amount of the barrier layer 
material was added into the die and compressed.20 

                                 Table 2: 
Composition of compression 
coated tablets  

 
Polymers CF1 CF2 CF3 CF4 CF5 CF6 

Core tab. 

Wt. 

150 150 150 150 150 150 

HPMC 

K200M 

250 -- 175 100 150 75 

Ethyl 

cellulose 

-- 250 75 150 100 175 

Total 

weight 

400 400 400 400 400 400 

Evaluation of compression coated tablets 
Swelling index 
In containers loaded with 10ml pH 1.2 & pH 7.4 
Phosphate buffers, the percentage swelling strength of 
tablets was determined. Tablets have been withdrawn 
from containers, weighted and again weighed in the 
medium at fixed intervals, lined with tissue paper, 
until the external surface of the tablet has begun to 
break. The  swelling was calculated.22-24 

Dissolution testing of pulsatile delivery systems 
Dissolution testing of pulsatile delivery systems with 
the conventional paddle method at 50 rpm . The drug 
release studies was performed in 0.1 N HCL for 2 
hours (mean gastric emptying time) and in pH 6.8 
phosphate buffer for 3hrs, and 5hrs in pH 7.4 
phosphate using USP dissolution rate test apparatus. 
The samples were withdrawn at regular intervals and 
analyzed by UV spectrophometer for the presence of 
the drug. Dissolution tests were performed in 
triplicate25  
Accelerated stability studies  
Accelerated stability studies were performed as per the 
ICH guidelines. Selected formulation was sealed were 
in aluminum foil cover & stored at (40±2 °C / 75 ±5 
% R.H) for a period of 3 months.26  
3. Result  
Characterization of blend and  core Tablets 
                   Table3: Flow properties of powder blend 

 

Ingredients( in 
mg) 

F1 F2 F3 F4 F  5 F6 F7 F8 F9 F10 F11 F12 

Ipratropium 

Bromide 

80 80 80 80 80 80 80 80 80 80 80 80 

Lycoat 3 6 9 1 2  00 00 00 00 00 00 00 00 

Sod. starch 

glycolate 

00 00 00 00 3 6 9 1 2  00 00 00 00 

Ludiflash 00 00 00 00 00 00 00 00 3 6 9 1 2  

MCC 61 58 55 52 61 58 55 52 61 58 55 52 

Mg.stearate 3 3 3 3 3 3 3 3 3 3 3 3 

Talc 3 3 3 3 3 3 3 3 3 3 3 3 

Total wt(mg) 150 150 150 150 150 150 150 150 150 150 150 150 
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Code   Bulk 
density 

 

Tapped 
density 

 

Angle of 
repose 

 

  Carr's 
index 

 

 Hausner's 
ratio 

 

F1 0.36±0.02 0.41 ±0.26 27.25±0.26 12.20±0.14 1 .14±0.04 

F2 0.35±0.16 0.41 ±0.18 26.12±0.15 14.63±0.52 1 .17±0.16 

F3 0.39±0.24 0.44±0.66 31 
.15±0.25 

11 .36±0.36 1 .13±0.54 

F4 0.38±0.59 0.43±0.22 29.85±0.41 11 .63±0.14 1 .13±0.29 

F5 0.36±0.58 0.41 ±0.14 26.74±0.75 12.20±0.52 1 .14±0.34 

F6 0.37±0.10 0.42±0.15 27.14±0.96 11 .90±0.62 1 .14±0.22 

F7 0.38±0.16 0.43±0.62 31 
.03±0.12 

11 .63±0.08 1 .13±0.51 

F8 0.36±0.49 0.42±0.14 28.74±0.17 14.29±0.19 1 .10±0.26 

F9 0.39±0.59 0.45±0.20 25.41 
±0.25 

13.33±0.26 1 .15±0.84 

F10 0.38±0.46 0.44±0.19 29.15±0.47 13.64±0.14 1 .16±0.12 

F11 0.36±0.01 0.41 ±0.43 30.25±0.55 12.20±0.04 1 .14±0.06 

F12 0.35±0.36 0.41 ±0.28 28.15±0.14 14.63±0.22 1 .17±0.34 
                Tab1e 4 : Characterization of  core 
Tablets 

Cod
e 

Wt.Variati
on 

 

Hardnes
s 

Thickne
ss 

 

Friabilit
y 

Disintegrati
on time in 

sec 

Drug 
content 

F1 150.46±0.
14 

3.20±0.
14 

3.02±0.
14 

0.18±0.
06 

112±0.48 89.62±0.
26 

F2 148.29±0.
09 

3.42±0.
10 

3.14±0.
10 

0.46±0.
10 

89±0.26 94.26±0.
48 

F3 150.02±0.
58 

3.48±0.
08 

3.06±0.
22 

0.28±0.
04 

76±0.84 90.12±0.
35 

F4 150.36±0.
12 

3.54±0.
26 

3.0±0.1
6 

0.36±0.
10 

59±0.22 93.66±0.
10 

F5 149.98±0.
49 

3.33±0.
09 

3.08±0.
42 

0.28±0.
07 

86±0.69 86.29±0.
26 

F6 151 
.22±0.43 

3.45±0.
56 

3.04±0.
18 

0.29±0.
12 

54±0.52 91 
.54±0.22 

F7 149.86±0.
08 

3.36±0.
14 

3.12±0.
32 

0.04±0.
02 

39±0.46 96.28±0.
18 

F8 150.28±0.
14 

3.26±0.
29 

3.10±0.
18 

0.10±0.
06 

22±0.24 98.22±0.
06 

F9 151 
.02±0.29 

3.78±0.
59 

3.06±0.
06 

0.22±0.
42 

86±0.42 86.20±0.
28 

F10 150.36±0. 3.49±0. 3.14±0. 0.16±0. 64±0.48 92.54±0.

14 36 54 12 52 

F11 148.28±0.
22 

3.62±0.
29 

3.20±0.
29 

0.29±0.
06 

42±0.22 95.10±0.
46 

F12 149.63±0.
59 

3.59±0.
46 

3.04±0.
06 

0.52±0.
14 

31 ±0.04 97.39±0.
16 

Hardness of the tab1et was acceptable and uniform from 
batch to batch variation, which was found to be 3-4 
kg/cm2.All the formulations passed the weight 
variation  and other test within the pharmacopoeial 
limits of the tablet weight.  
Dissolution studies of core tablets 

           Table 5: Percent 
Cumulative drug release of  
formulations  

Ti
me 
mi
n 

FI F2 F3 F4 F5 F6 

0 0 0 0 0 0 0 

5 13.26±0
.01 

15.45±0
.26 

19.56±0.
02 

25.56±
0.15 

22.56±
0.02 

30.25±
0.26 

10 24.56±
0.20 

27.59±0
.34 

32.15±0.
14 

40.25±
0.26 

35.86±
0.13 

44.47±
0.24 

15 35.86±
0.23 

39.73±0
.64 

44.731±
0.24 

54.94±
0.23 

49.16±
0.52 

58.69±
0.84 

20 47.16±
0.15 

51 
.87±0.5

8 

57.312±
0.26 

69.63±
0.48 

62.46±
0.49 

72.91±
0.86 

25 58.46±
0.27 

64.01 
±0.76 

69.893±
0.59 

84.32±
0.53 

75.76±
0.86 

87.13±
0.27 

30 69.76±

0.29 

76.15±0

.05 

82.474±

0.47 

99.01±

0.76 

89.06±

0.24 

97.37±

0.36 

45 81 
.06±0.2

6 

88.29±0
.03 

95.055±
0.49 

 98.36±
0.16 

 

60 92.36±
0.14 

98.43±
0.14 

    

Table 6: Percent Cumulative drug release of   
formulations 

Tim
e 

F7 F8 F9 F10 F11 F12 

0 0 0 0 0 0 0 

5 38.45±0.
41 

40.56±0.
15 

17.26±0.
14 

19.26±0.
28 

25.26±0.
24 

32.57±0.
27 
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10 55.48±0.
45 

60.25±0.
45 

28.45±0.
29 

32.48±0.
14 

40.26±0.
28 

50.22±0.
01 

15 72.51±0.
56 

79.94±0.
26 

39.64±0.
63 

45.7±0.1
8 

55.2±0.0
1 

67.87±0.
06 

20 89.54±0.
25 

99.63±0.
28 

50.83±0.
34 

58.92±0.
04 

70.26±0.
61 

85.52±0.
20 

25 98.57±0.
15 

 62.02±0.
46 

72.14±0.
06 

85.26±0.
26 

97.17±0.
14 

30   73.21 
±0.31 

85.36±0.
12 

99.26±0.
31 

 

45   84.4±0.2
8 

98.58±0.
64 

  

60   95.59±0.
46 

   

Evaluation of chronomodulated drug delivery 
systems  
Table 7:  Physical Parameters of compress coated 
tablets 
                

 
cod

e 

Avg.wt Hardne
ss 

 

Friabilit

y( %) 

Thickne
ss 

 

Drug 

content 

(%) 

CF1 400.26±0.
52 

7.56±0.6
2 

0.26±0.02 6.85±0.21 89.56±0.
02 

CF

2 

399.85±0.

36 

7.15±0.52 0.25±0.14 7.42±0.30 90.15±0.2

6 

CF
3 

399.74±0.
20 

8.01 ±0.41 0.54±0.64 7.10±0.52 95.25±0.
05 

CF

4 

398.45±0.

02 

7.65±0.2

6 

0.61 ±0.65 6.48±0.10 97.56±0.

20 

CF
5 

399.12±0.3
0 

7.49±0.6
3 

0.26±0.32 6.95±0.02 97.12±0.3
2 

CF

6 

397.56±0.

26 

7.26±0.25 0.31 ±0.25 6.47±0.06 95.16±0.5

2 

Swelling Index study 
Table 8:  Swelling index of  coated formulations 
Tim

e 

(hr) 

CF1 CF2 CF3 CF4 CF5 CF6 

0 0 0 0 0 0 0 

1 76±0.3
2 

84±0.
32 

72±0.2
6 

79±0.2
3 

68±0.2
6 

74±0.6
5 

2 84±0.21 96±0.
52 

88±0.3
2 

86±0.6
5 

86±0.0
3 

86±0.5
6 

3 89±0.2

6 

106±0.

74 

102±0.

15 

99±0.2

6 

102±0.

02 

94±0.21 

4 96±0.2
8 

124±0.8
50 

126±0.
24 

104±0.2
1 

138±0.2
1 

114±0.
25 

5 114±0.
54 

134±0.
59 

139±0.1 126±0.
02 

161 
±0.33 

126±0.
56 

6 99±0.6
5 

102±0.
52 

102±0.
25 

101 
±0.36 

124±0.
36 

104±0.
36 

7 106±0.
58 

94±0.
65 

91 
±0.29 

94±0.0
2 

102±0.2
1 

82±0.2
6 

8 91 

±0.63 

69±0.

31 

56±0.2

8 

76±0.3

2 

86±0.0

9 

62±0.0

3 

9 66±0.21 32±0.
26 

24±0.6
5 

50±0.2
6 

54±0.01 39±0.2
5 

The swelling studies of pulsatile tablet during 9hrs studies 
were found to have very good sustaining efficacy. The 
percentage swelling at the end of 5th hour of formulation of 
CF5 formulation was found to be 161 ±0.33.So increase in 
the concentration of polymer will decrease the % water 
uptake capacity and increase the Lag-time.  
In-vitro release studies of pulsatile drug delivery 
system 
Dissolution study was carried out to measure the release 
rate of drug from prepared formulation using USP I 
dissolution apparatus at 37oC using 2 different dissolution 
media of pH 1 .2, pH 6.8 phosphate buffers in order to 
mimic in vivo git conditions. Initially first 2hrs of 
dissolution was conducted in pH 1 .2 buffers, followed 
by 10 hrs of dissolution study in pH 6.8 phosphate 
buffer.  
Tablet 9: In-vitro release studies of pulsatile drug 
delivery system 

Ti
me 
hrs

. 

CF1 CF2 CF3 CF4 CF5 CF6 

0 0 0 0 0 0 0 

1 6.45±0.
21 

8.56±0
.26 

1 

.58±0.2

1 

0.59±0
.48 

0.26±0
.48 

0.79±0
.26 
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2 15.86±
0.02 

17.59±
0.32 

4.78±0
.32 

1 . 

97±0.2

6 

1 

.48±0.8

2 

2.56±0
.47 

3 25.27±
0.52 

26.62±
0.52 

13.15±
0.45 

4.26±0
.49 

3.26±0.
15 

5.74±0
.52 

4 34.68±
0.62 

35.65±
0.14 

24.59±
0.45 

10.65±
0.10 

7.49±0
.28 

9.65±0
.48 

5 44.09±
0.12 

44.68±
0.15 

36.78±
0.26 

22.48±
0.25 

12.15±
0.39 

30.26±
0.52 

6 53.50±

.23 

53.71 

±0.25 

48.97±

0.56 

40.56±

0.96 

39.74±

0.26 

48.75±

0.48 

7 62.91 
±0.20 

62.74±
0.56 

61 
.16±0.
25 

58.64±
0.23 

72.26±
0.47 

67.24±
0.36 

8 72.32±
0.32 

71 
.77±0.
62 

73.35±
0.21 

76.72±
0.14 

97.27±
0.80 

85.73±
0.15 

9 81 
.73±0.

02 

85.8±0
.78 

85.54±
0.36 

94.82±
0.02 

 97.85±
0.26 

10 91 
.14±0.0
6 

96.83±
0.02 

97.73±
0.15 

   

In-vitro drug release was performed for 6 formulations 
of coated tablet with different hydrophilic & 
hydrophobic polymers. CF1was prepared with only 
hydrophilic polymer (HPMC K200M) in this lag time 
was only 2 hrs. So CF2 was prepared with only 
hydrophobic polymer Ethyl cellulose) which has the 
tendency to related the drug release but not enough 
though the polymer starts the drug release from 2 hrs. 
In next formulations i.e CF3, CF4, CF5 &CF6 
prepared with the combination of both polymers to 
maintain the drug release and lag time out of these 
four formulation. CF5 shows the lag time up to 5 hrs  
and after lag time the percentage drug release 97.27% 
in 8 hrs. From the Invitro drug release CF5 was 
optimized as the targets are reached. 
Stability Studies of  press-coated  optimized tablets 
CF5 
The stability results demonstrate that the optimized 
press-coated tablet CF5 maintained its drug-release 
performance during 1 and 3 months of storage, with 
only minor variations in cumulative drug release. 
Therefore, CF5 can be considered to have good 

physical and release stability under the conditions 
used for the stability study. 
                                  Table 10  Stability studies of  
press-coated  optimized tablets CF5 
Time{hrs) CF58 

Initial 

CF5 I 
Month 

CF5 III 
Month 

0 0 0 0 

1 0.26±0.48 0.31 ±0.48 0.29±0.48 

2 1 .48±0.82 1 .58±0.82 1 .49±0.82 

3 3.26±0.15 3.49±0.15 3.42±0.15 

4 7.49±0.28 8.20±0.28 7.84±0.28 

5 12.15±0.39 12.54±0.39 12.24±0.39 

6 39.74±0.26 41 .25±0.26 40.36±0.26 

7 72.26±0.47 73.65±0.47 71 .20±0.47 

8 97.27±0.80 98.20±0.80 98.12±0.80 

Conclusion 
The present study successfully developed and 
characterized a chronomodulated drug delivery system 
of Ipratropium Bromide with the objective of 
providing a predetermined lag time followed by drug 
release. The study demonstrated that suitable selection 
of formulation variables and polymeric coating 
materials can effectively control the release of 
Ipratropium Bromide and produce a time-controlled 
drug delivery profile. The prepared core tablets 
showed satisfactory physicochemical characteristics, 
including acceptable weight variation, hardness, 
friability, thickness, drug content, and in-vitro drug-
release behavior. Among the core tablet formulations, 
F8 was identified as the optimized formulation based 
on its overall evaluation and desirable drug-release 
characteristics. 
The optimized F8 core tablet was subsequently coated 
to develop a chronomodulated dosage form. Among 
the coated formulations, CF5 was selected as the 
optimized formulation because it provided the desired 
lag time followed by appropriate drug release. The 
optimized formulation demonstrated the ability to 
minimize drug release during the initial predetermined 
period and subsequently release the drug in a 
controlled manner, indicating successful achievement 
of the intended chronomodulated drug delivery 
pattern. Drug-release kinetics further supported the 
suitability of the formulation and provided 
information regarding the mechanism of drug release. 
Stability evaluation of the optimized formulation 
indicated that the formulation maintained its 
satisfactory physical characteristics, drug content, and 
release performance during storage, demonstrating 
adequate stability. Thus, the developed CF5 
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chronomodulated Ipratropium Bromide formulation 
can be considered a promising time-controlled drug 
delivery system. By synchronizing drug release with 
the anticipated circadian pattern of respiratory 
symptoms, the developed system may provide 
improved therapeutic management and patient 
convenience compared with conventional drug 
delivery. Further in-vivo pharmacokinetic and 
pharmacodynamic studies are recommended to 
establish its clinical applicability and therapeutic 
advantages. 
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