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ABSTRACT: The greatest number of mortality in the world occurred due to hypertension. Several bodily 
functions are based on circadian rhythm including hypertension. The stimulation of the sympathetic 
nervous system in the early morning hours resulted in accelerating blood pressure which is a highly 
dangerous condition. This lead to cardiac failure and damage to the vital organs of the body. The current 
research focuses on pulsatile delivery of Ambrisentan for the treatment of high blood pressure which 
released the medicament at the right time and the right place. Primarily, core tablets were prepared with 
Ambrisentan. The compatibility of Ambrisentan with excipients was confirmed by FTIR analysis. The core 
tablets were evaluated for flowing characteristics which showed better flowing behavior and optimized 
core batch CT6 showed consolidation index 16.07±0.11 and angle of repose 27.02±0.14. Moreover, due to the 
least disintegration time (2.23±0.10) and greater dissolution release of 99.70 % ±0.49, CT6 was selected as an 
optimized core tablet for pulsatile delivery. Further, the combination of Eudragit L100 and ethyl cellulose 
were utilized for coating purposes in different proportion were utilized for achieving the desired lag time 
of 6 hrs. The optimized batch PC6 (Eudragit L100: EC 10) which comprised of 25:75 proportion showed a 
lag time of 6 hours, cumulative release of 99.25 % and content uniformity of 99.29±0.82. The dissolution 
release profile predicted zero-order release for Ambrisentan pulsatile tablets. The accelerated stability 
testing showed minimal loss of drug content when exposed at 40 0C and 75 % relative humidity without 
altering lag time. 

KEYWORDS: Ambrisentan; Pulmonary hypertension; Pulsatile delivery; Eudragit L100; Ethylcellulose. 

1. INTRODUCTION 
    Hypertension is a chronic critical condition that arises when the blood pressure of the body goes beyond 

the normal range (> 130/80 mmHg) [1]. High blood pressure is an extreme risk factor in the progressive 
development of cardiovascular diseases (CVD) and is also associated with damage to other essential organs 
of the body. A large number of the population in the world suffer from kidney failure, heart attack and stroke 
due to hypertension [2]. The prime reason for mortality in the world is mainly due to CVD which accounts for 
> 17.9 million deaths annually out of 31 % of total deaths. The reported data estimated that > 874 million 
people suffered due to hypertension and had an annual mortality rate of 9.4 % [3]. 
           Hypertension increases with the age and is also observed during modern lifestyle changes including 
intake of fast foods or processed food containing high amounts of sodium, low potassium intake in the diet, 
alcohol consumption as a regular habit or way of enjoyment, obesity, smoking and lack of exercises [4]. The 
several dysfunctioning reported in the body such as sodium homeostasis, renin-angiotensin-aldosterone 
system (RAAS), sympathetic nervous system and swelling leads to the development of hypertension [5] [6].  
Moreover, pulmonary arterial hypertension (PAH) is defined as when the blood pressure in the arteries 
exceeds normal (>20-30 mmHg) in the lungs and heart. During the Covid-19 pandemic, a large population 
experiences a rise in the blood pressure due to the direct attack on the lungs and rapid release of a cytokine 
such as interleukins (IL-1, 2, 6, and 10). These are inflammatory and create excessive stress, thereby resulting 
in the dysfunctioning of the system responsible for inducing hypertension [7]. 
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          The oscillations in our body which are completed in 24 hours are known as Circadian rhythms [8]. 
Various essential functions of the body are regulated via circadian rhythm which includes the release of 
hormones, blood pressure, etc. During circadian rhythm, it is noticed that blood pressure goes down in the 
night cycle and increases rapidly in the early morning (early morning surge) and also in the afternoon. The 
mechanistic approach for early morning surge is attributed due to the stimulation of the sympathetic nervous 
system [9]. The temporal rhythm of the body strongly impacted the number of diseases along with the 
pharmacokinetics and pharmacodynamics of maximum molecules in use [10]. Chronopharmaceutics include 
pharmaceutical applications of chronobiology in drug delivery. The main objective of chronotherapy in the 
therapy of numerous diseases is to convey the drug in greater quantity during the time of extreme requirement 
consistent with the circadian onset of the disease or syndrome [11].  
          The zero order or first order release can be achieved through oral controlled release dosage forms 
in which the active ingredient is released at a markedly fixed amount per unit time. The time-release products 
are a more effective tool in chronopharmacotherapy, because of their unique drug release characteristics 
following circadian rhythms in physiologic and pathophysiologic functions [12] [13]. A time-release 
formulation could permit drug release at a greater plasma drug concentration specifically when clinical signs 
are developed. Disease conditions such as early morning symptoms of blood pressure, asthma, arthritis, and 
ischemic heart disease, a time-controlled pulsatile drug delivery system offer more benefits [14].  
A pulsatile drug delivery system (PDDS) is defined as the ‘’system which releases the drug rapidly and 
completely after a lag time, thus providing spatial and temporal delivery and increasing patient compliance’’ 
[15]. PDDS is differentiated from conventional for offering improved bioavailability, reduced adverse effects 
and tolerability, no risk of dose dumping, improved stability, patient comfort and compliance and achieved a 
unique release pattern [16]. 
           Ambrisentan is categorized as an endothelin receptor antagonist and utilized for the therapy of PAH. 
Ambrisentan avoids the constriction of muscles in the blood vessels and thereby relaxes them which resulted 
in the reduction of blood pressure. It is suitable for both idiopathic and connective tissue diseases. 
Ambrisentan is administered orally and showed higher bioavailability at raised pH [17]. The current research 
focused on the development of pulsatile tablets of Ambrisentan for the treatment of early morning surges in 
blood pressure and thereby providing the right drug at the right time and right place. 
 

2. RESULT AND DISCUSSION 

2.1. Preformulation 

          Ambrisentan existed as white to colorless powder. The melting point was determined by digital melting 
point apparatus which showed in the range of 165-167 0C. The loss on drying (LOD) of Ambrisentan powder 
was found to be 0.36% ±0.29. 
2.2. Estimation of solubility 

          Ambrisentan is practically insoluble in water (0.005mg/ml), hence needs to improve its solubility. The 
solubility was checked in several polar and organic solvents and indicated soluble in most of the organic 
solvents like ethanol, and acetone. Thereafter, solubility was checked in various non-volatile solvents and 
found the best solubility in PEG 400. As PEG 400 is liquid in nature addition of it, converting solid powder 
into liquid medicament and again transforming into the solid increases the weight of the tablets. Hence, a solid 
form of PEG 6000 was blended with Ambrisentan by solid dispersion method in various ratios (1:1, 1:2, 1:3 
and 1:4). The desired improvement of Ambrisentan was observed with a 1:4 ratio, hence selected for further 
processing.   
2.3. FTIR analysis 

          Identification of received sample of Ambrisentan was subjected towards FTIR (Affinity, 1s, Shimadzu, 
Japan) and conclude that pure sample of Ambrisentan from the below peaks. The C-O-C stretching was 
observed at 1172 and 1192 cm-1, aromatic carbon ring at 1567, 1751 and 1975 cm-1, methylene C-H bending at 
1446 cm-1, C=C at 1558, 1597 cm-1, Aromatic C-H at 702, 875 cm-1, and C=N at 1558, 1597 cm-1.  The physical 
interaction of Ambrisentan with other selected excipients was a check for any possible interactions and 
indicated no such interaction. The Ambrisentan was found compatible with all excipients. The FTIR spectra 
of pure Ambrisentan were depicted in Fig. 1 and with other excipients in Fig. 2 to 3.  
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Fig. 1. FTIR Spectra of Pure Ambrisentan 

 

 
                                             Fig. 2. FTIR Spectra of Ambrisentan.jpg and MCC 
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Fig. 3. FTIR Spectra of Ambrisentan.jpg and DCP 

 
2.4. Analysis of flowing characteristics 

          The powder blends were assessed for their flowing behavior which comprises bulk density, tapped 
density, Carr’s index, angle of repose and Hausner’s ratio. The ingredients opted for direct compression 
method were compressible and hence showed good flowability. The distinctions in the series of consolidation 
index and angle of repose were recognized due to the slight variation in the volume of directly compressible 
agents. The bulk density of all batches was recorded in the range of 0.46±0.04 to 0.47±0.12. After operating the 
bulk density apparatus with 100 tapings, densities of all batches were observed between 0.57±0.06 to 0.59±0.10. 
The consolidation index was calculated from both these densities and observed as 16.071±0.14 to 17.857±0.20 
%. The angle of repose was observed from 26.82±0.20 to 29.38±0.16 and Hausner’s ratio from 1.19±0.06 to 
1.21±0.09.  The results of these powder blends for flowing behavior showed that materials have the potential 
of flowing from the hopper to the dies during compression and don’t require further addition or modification 
in the formula. The results of flow behavior were depicted in Table 1.  
 
Table 1: The evaluation of powder blends of Ambrisentan 

Batch Bulk density Tapped density Carr’s index (%) Angle of repose (Ɵ) Hausner’s index 

CT1 0.46±0.10 0.58±0.14 16.364±0.09 27.25±0.18 1.19±0.06 

CT2 0.47±0.12 0.58±0.09 17.544±0.16 28.71±0.14 1.21±0.07 

CT3 0.46±0.10 0.57±0.08 17.857±0.20 29.38±0.16 1.21±0.09 

CT4 0.47±0.08 0.57±0.06 16.071±0.14 26.82±0.20 1.19±0.02 

CT5 0.46±0.04 0.59±0.10 16.364±0.08 27.30±0.12 1.19±0.06 

CT6    0.47±0.08        0.57±0.08 16.07±0.11 27.02±0.14 1.19±0.8 

All values are n =3 ±SD.  

2.5. Evaluation of core tablets of Ambrisentan  

           The direct compression method was utilized for the manufacturing of core tablets of Ambrisentan by 
incorporating MCC and DCP as directly compressible agents. Several proportions of cross carmellose sodium 
were added to achieve desired release pattern. The formulated tablets passed from the weight variation test 
according to the specifications of pharmacopeia. The weight variation of tablets was observed from 174±0.60 
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to 177±0.32. The hardness of all tablets was measured with a Monsanto hardness tester and found to be 4.2±0.15 
to 4.4±0.18. The hardness of tablets varies slightly due to the different proportions of ingredients. Subjected to 
all the batches in Roche friabilator, the friability was noted from 0.48±0.10 to 0.53±0.16. The disintegration time 
was observed as 2.23±0.10 to 2.27±0.07. The variation among the batches in terms of disintegration time was 
due to different concentrations of superdisintegrants. As the concentration increases the disintegration time is 
found to be decreasing due to rapid swelling characteristics on exposure to the solvent. The prepared batches 
showed high content uniformity and ranged from 98.94±0.82 to 99.67±0.80. The results were depicted in Table 
2. 
 

Table 2: Evaluation of core tablets of Ambrisentan 

Batch  Weight variation 

(mg) 

Hardness 

(kg/cm2) 

Friability (%) Disintegration 

(min) 

Content 

uniformity (%) 

CT1 176±0.28 4.3±0.10 0.49±0.16 2.26 ±0.04 99.34±0.46 

CT2 177±0.32 4.3±0.14 0.50±0.14 2.25±0.08 99.27±0.52 

CT3 175±0.26 4.2±0.15 0.53±0.16 2.24±0.06 99.47±0.64 

CT4 174±0.60 4.4±0.18 0.48±0.10 2.27±0.07 98.94±0.82 

CT5 175±0.56 4.4±0.10 0.48±0.11 2.25±0.09 99.53±0.78 

CT 6 176±0.36 4.3±0.11 0.50±0.20 2.23±0.10 99.67±0.80 

            All values are n =3 ±SD.  

2.6. In-vitro dissolution studies of core tablets of Ambrisentan  

          Dissolution is the prime parameter for the selection of optimized core tablets. Hence, the CT 1 to CT 6 
batches were subjected to in-vitro dissolution testing. The discharge of ambrisentan was speedy due to the 
creation of matrix with PEG 6000. The noticeable enhancement in wetting tendency followed by quick 
dissolution was noticed after the incorporation of PEG 6000  which diminish the interfacial tension between 
ambrisentan and solvent molecules.  The drug release from the CT1 batch was found to be 99.21 % after 45 
min. whereas, the cumulative amount of 99.27 % of Ambrisentan was recoreded in the CT2 batch. The release 
rate was slightly more in the CT3 batch was 99.58 % compared with the CT1 and CT2. The rapid release of 
Ambrisentan was attributed due to the greater concentration of superdisintegrants. İn batch CT3. Similarly, 
the cumulative percentage of drugs released from the batches CT4 to CT6 were 99.30 %, 99.59 %, and 99.70 % 
respectively. The batches comprised of DCP also showed a similar release profile as that of MCC containing 
CT1 to CT3 batches and the slight variations in the drug release were due to the composition and hardness of 
the tablets. The in-vitro dissolution release from core tablets was showed in Fig. 4. 
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Fig. 4. Dissolution profile of Core tablets. All values in n=3, ±SD 

 
2.7. Optimization of core tablets 
          The core tablet was picked which showed the least disintegration time, higher dissolution release and 
good content uniformity. From the several batches, CT6 was chosen as the optimized batch for pressing 
coating. 
2.8. Evaluation of pulsatile coated tablets 
          The compression-coated tablets were prepared using a combination of Eudragit L100 and erodible 
material ethyl cellulose as coating agents. The pulsatile tablets were evaluated for their post-compressional 
characteristics similar to the core tablets. The results of pulsatile-coated tablets were depicted in Table 3.  The 
prepared tablets passed from weight variation test according to the specifications of pharmacopeia. The 
weight variation of tablets was observed from 428±0.46 to 432±0.82. The hardness of all tablets was measured 
with a Monsanto hardness tester and found to be 8.5±0.04 to 8.7±0.10. The hardness of tablets varies slightly 
due to the different proportions of ingredients. Subjected to all the batches in Roche friabilator, the friability 
was noted from 0.20±0.018 to 0.26±0.13. The prepared batches showed high content uniformity and ranged 
from 98.09±0.64 to 99.29±0.82.  

 

Table 3: The post-compression evaluations of Ambrisentan Pulsatile Tablets       

Batch  Weight variation 

(mg) 

Hardness 

(kg/cm2) 

Friability (%) Content 

uniformity (%) 

PC1 429±0.77 8.7±0.10 0.20±0.018 98.45±0.67 

PC2 431±0.65 8.6±0.14 0.22±0.014 98.57±0.54 

PC3 430±0.48 8.6±0.08 0.23±0.010 99.13±0.46 

PC4 431±0.71 8.5±0.04 0.25±0.15 98.74±0.74 

PC5 432±0.82 8.6±0.09 0.23±0.19 98.09±0.64 

PC6 430±0.60 8.7±0.07 0.21±0.21 99.29±0.82 

PC7 429±0.52 8.7±0.09 0.22±0.12 99.15±0.70 

PC8 428±0.46 8.6±0.08 0.22±0.17 99.06±0.56 

PC9 430±0.58 8.5±0.11 0.26±0.13 98.81±0.51 

              All values in n=3 ±SD 
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2.9. In-vitro dissolution studies of pulsatile tablets of Ambrisentan 
          The in-vitro dissolution study of Ambrisentan pulsatile tablets was performed with USP Dissolution 
apparatus II (Paddle) using 0.1 N HCl initially for the first 2 hours and later on replaced with pH 7.4 phosphate 
buffer. The paddle was allowed to rotate at a speed of 50 rpm, at 37±0.5° C. The samples were withdrawn at 
an interval of 1 hour, diluted, filter through a 0.45 µm membrane filtered and analyzed spectrophotometrically 
at 264 nm.  
          The pH-dependent coating material Eudragit L100 which is a derivative of polymethacrylate and ethyl 
cellulose (7 and 10 cps) was utilized for getting the preferred lag time for pulsatile tablets. These coating agents 
were utilized in different proportions (100:0, 25:75, 50:50, 75:20 and 0:100) containing Eudragit L100 and EC 
respectively. Eudragit L100 is dissolved above the pH 5.5, hence the drug was not released for about 3 hours 
and after dissolving the outer coat, the drug was released quickly from the PC1 batch. The batches PC5 and 
PC9 are comprised of fully ethyl cellulose which is impermeable to the water and due to this reason takes a 
long time to rupture the outer coat. The batch comprised of EC7 and EC10 showed the lag time of 4 and 5 
hours respectively. The batches which comprised of single coating material were unable to produce the desired 
lag time of 6 hours.  
          Furthermore, combinations of Eudragit L100 with different viscosity grades of ethyl cellulose were tried 
for desired lag time. The batch PC2 was composed of 25:75 proportions of Eudragit L100 and EC 7 was just 
short of destination and showed a lag time of 5 hours with a cumulative release of 98.86 % after 9 hours. 
Whereas, PC6 containing the same ratio with a higher viscosity grade of ethyl cellulose EC10 was capable of 
producing desired lag time of 6 hours and cumulative release of 99.25 % after 10 hours. The batches PC3 and 
PC7 comprised of 50:50 proportions and later with a high viscosity grade of ethyl cellulose showed the lag 
times of 3 and 5 hours respectively with the cumulative release of 98.90 % and 99.07 % respectively after 9 
hours. Finally, batches PC4 and PC8 comprised 75: 25 proportions of Eudragit L100 and ethyl cellulose showed 
the lag time of 3 and 4 hours only. This indicated that as the concentration of Eudragit L100 increases, the lag 
time decreases and increasing ethyl cellulose concentration and viscosity lag time increase.  
          The perfect blend of the enteric and hydrophobic combination was required to elicit a pulsatile response 
which showed from the batch PC6. Due to its highest lag time, zero order release kinetics was predicted from 
this batch.  The cumulative release of all batches was showed in Fig. 5 and 6 respectively.  

 
Fig. 5. Dissolution release of Pulsatile tablets PC1-PC5. All values in n=3, ±SD 
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Fig. 6. Dissolution release of Pulsatile tablets PC6-PC9. All values in n=3, ±SD 

 
2.10. Preliminary study 
          The optimized batch PC6 was assessed for accelerated stability testing at 40 0C and 75 % relative 
humidity. The optimized batch showed highly acceptable results and passed stability testing. The prepared 
tablets were packed in aluminum-aluminum foil and further dispatched to the market for sale. The results of 
stability testing were depicted in Table 4.  
 

Table 4: Preliminary study of an optimized batch PC6 

Parameters Initial After 1 month After 2 months After 3 months 

 Appearance   Good Good Good Good 

Hardness (kg/cm2) 8.7±0.09 8.6±0.08 8.4±0.12 8.3±0.10 

Friability (%)  0.21±0.21 0.24±0.14 0.27±0.12 0.28±0.16 

Lag time (Hour)  6 6 6 6 

Content uniformity (%)  99.29±0.82 99.16±0.47    99.03±0.38 98.72±0.32 

            n =±3, SD 

3. CONCLUSION 
          Cardiovascular diseases are a big health problem currently and are largely associated with the mortality 
in the world. Hypertension is one the critical condition and affects other vital organs of the body resulting in 
damage such as renal failure. The blood pressure followed the circadian rhythm and hence, it rises promptly 
in the early morning hours. At that time many peoples are in sleep or wake-up condition. Generally, any 
medicine is to be administered after breakfast to post lunch time. Pulsatile delivery is the only delivery that 
provides relief from high blood pressure in the early morning and hence, is considered the most promising 
drug delivery for hypertension and CVS. The optimized batch PC6 provided 6-hour lag time and patients have 
to administer is at bedtime around 10 pm which releases the drug after 4 pm when the body requires it.  
 
4. MATERIALS AND METHODS 
4.1. Materials 
          Ambrisentan was gifted by Cipla Pharmaceuticals, Mumbai. Dibasic calcium phosphate and magnesium 
stearate was gifted by Nitika Pharmaceutical, Nagpur. Eudragit L100 was supplied from Evonic Deggusa Pvt. 
Ltd, Mumbai. Ethyl cellulose (EC 10) were supplied by Ajanta Pharmaceutical, Aurangabad. Cross povidone 
and PEG 6000 were purchased from Loba chemicals, Mumbai. All other ingredients and chemicals were of 
analytical grade only.  
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4.2. Preformulation parameters 
          The pure sample of Ambrisentan was evaluated for color, melting point and loss on drying (LOD).  
4.3. Estimation of solubility of Ambrisentan  
          An accurately weighed amount of 10mg of Ambrisentan powder was transferred into the 1ml of a test 
tube containing several non-volatile solvents including distilled water, Tween 80, Span 20, polyethylene glycol 
400 and propylene glycol respectively. The sample was checked visually for solubility and further subjected 
to absorbance scanning under a UV-visible spectrophotometer at 241 nm [18] [19].    
4.4. FTIR analysis 
          The pure sample of Ambrisentan was subjected to FTIR spectral analysis by scanning in the range of 400-
5000 cm2. Afterward, the Ambrisentan was mixed with dibasic calcium phosphate, and microcrystalline 
cellulose, to check for any possible interactions among the excipient [20].  
4.5. Development of core tablets of Ambrisentan  
          Ambrisentan powder was accurately weighed and further blended with polyethylene glycol 6000(1:4). 
This solid dispersion was further mixed with remaining ingredients such as microcrystalline cellulose, dibasic 
calcium phosphate and cross povidone which passed through a sieve no. 60 to ensure uniformity among the 
powder samples. The powder blends were compressed on multi-tooling tablet compression machine using 
Rimek mini press II (Karnavati Engineering, Ahmadabad, India) [21] [22]. The formulation components of core 
tablets were depicted in Table 5. 
 

Table 5: Formulation ingredients of core tablets of Ambrisentan 

Sr. No Ingredients CT1 CT2 CT3 CT4 CT5 CT6 
1 Ambrisentan 5 5 5 5 5 5 
2 PEG 6000 20 20 20 20 20 20 
3 MCC 142.7 140.8 138.9 - - - 
4 DCP -     142.7 140.8 138.9 
5 CP 3.8 5.7 7.6 3.8 5.7 7.6 
6 MS 1.75 1.75 1.75 1.75 1.75 1.75 
7 Talc 1.75 1.75 1.75 1.75 1.75 1.75 
 Total weight 175 175 175 175 175 175 

 MCC: Microcrystalline cellulose, DCP: Dibasic calcium phosphate, CP: Cross povidone, MS: Magnesium stearate. 
 
4.6. Analysis of flowing characteristics of powder blends 
          The powder blends obtained after weighing all the ingredients were firstly subjected to evaluation of 
flow characteristics before compression into the tablets. The powders were estimated for bulk density, tapped 
density (Bulk density apparatus), consolidation index, angle of repose (fixed funnel method) and Hausner’s 
ratio [23] [24].  
4.7. Evaluation of core tablets 
4.7.1. Weight variation test 
          The prepared tablets around 20 were randomly picked and accurately weighed. The mean weight of an 
individual tablet was recorded with standard derivations. The weight variation test passes within 2.5 % 
variations from the average tablets [25]. 
4.7.2. Crushing strength 
          The crushing strength of tablets from each batch was tested by a Monsanto hardness tester and values 
were reported by an average of three [26]. 
4.7.3. Friability  
          The tablets were subjected to friability using a Roche friabilator. The tablets from each batch were 
weighed accurately equivalent to 6.5 g and further kept in the friabilator which was rotated at a speed of 25 
rpm for 100 rotations. After rotation, tablets were collected and reweighed. The percentage of the friabilator 
was calculated by subtracting the weight of the initial from the final weight [27]. 
4.7.4. Disintegration  
          The randomly selected 6 tablets were kept in the disintegration test apparatus and the time required to 
pass all the particles from the sieves was noted. This test was carried out at 37±0.5° C using 900 ml of simulated 
gastric fluid [28]. 
4.7.5. In-vitro dissolution 
          The dissolution study of Ambrisentan tablets was performed with USP Dissolution apparatus II (Paddle) 
using pH 7.4 phosphate buffer. The paddle was allowed to rotate at a speed of 50 rpm, at 37±0.5° C. The 
samples were withdrawn at an interval of 5 minutes for core tablets and 1 h for pulsatile coated tablets 
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respectively, diluted, was filtered through a 0.45 µm membrane filter and analyzed spectrophotometrically at 
264 nm [29]. 
4.7.6. Content uniformity 
          The prepared tablets were randomly selected and converted into powder after crushing. The average 
weight of the tablet containing a powder was taken and dissolved with pH 7.4 phosphate buffer. The solution 
was further diluted and filter through a 0.45 µ membrane filter and analyzed spectrophotometrically at 264 
nm [30]. 
4.8. Optimization of core tablets 
          The core tablets were evaluated for post-compression analysis and an optimized batch was selected 
based on the least disintegration time and greater dissolution release [31].  
4.9. Development of pulsatile tablets of Ambrisentan 
           The pulsatile tablets of Ambrisentan were formulated using core tablets by compression coating 
method. In this method, various proportions of coating agents such as Eudragit L 100 and ethyl cellulose 
grades (EC 7, and 10 cps) in different proportions were utilized. As depicted in Table 6 and 7, various 
proportions of coating agents were subjected to blending in a double cone blender and this mixture was 
utilized for compression after the addition of lubricant. The optimized tablet was placed on the half-portion 
of the coating agent and remaining half quantity was added further to compress it as pulse tablets [32] [33].  
 

Table 6: Composition of a coating material containing Eudragit L100+ EC 7 
Sr. No Ingredients  PC1 PC2 PC3 PC4 PC5 

1 Core tablet 175 175 175 175 175 
2 Eudragit L100 250 62.5 125 187.5 - 
3 EC 7 - 187.5 125 62.5 250 
4 MS 2.5 2.5 2.5 2.5 2.5 
5 Talc 2.5 2.5 2.5 2.5 2.5 
 Total  430 430 430 430 430 

EC: Ethyl cellulose, MS: Magnesium stearate 
 
Table 7: Composition of coating material containing Eudragit L100+ EC 10 

Sr. No Ingredients  PC6 PC7 PC8 PC9 
1 Core tablet 175 175 175 175 
2 Eudragit L100 62.5 125 187.5  
3 EC 10 187.5 125 62.5 250 
4 MS 2.5 2.5 2.5 2.5 
5 Talc 2.5 2.5 2.5 2.5 
 Total  430     430     430     430 

EC: Ethyl cellulose, MS: Magnesium stearate 
 
4.10. Evaluation of pulsatile tablets of Ambrisentan  
           The post-compression evaluation was performed for compression coated tablets in exactly a similar 
fashion to that of core tablets which includes weight variation, crushing strength, friability, in-vitro dissolution 
and content uniformity. Being coated tablets, the disintegration test was not applicable for pulsatile tablets 
[34].  
4.11. Preliminary study 
            The stability study of an optimized formulation was carried out according to the ICH guidelines. The 
optimized batch was kept at 40 0C and 75 % RH for about 3 months. The samples were withdrawn at an interval 
of one month and estimated for their physical appearances like any changes in size, color and shape of the 
tablets. Moreover, friability, drug content, and dissolution time were also assessed [35].  
 

 

 

 

 

 

Acknowledgment: Authors are thankful to SVKM NMIMS for providing all necessary facilities for the 
research work. 

Author contributions: Concept –A.K.; Design – A.K.; Supervision – A.K.; Resources – A.K.; R.D; Materials – A.K.; Data 
Collection and/or Processing – A.K.; R.D; Analysis and/or Interpretation – A.K.; Literature Search – A.K.; R.D; Writing 
– A.K.; Critical Reviews – A.K; R.D. 

A.K: Abhishek Kanugo, R.D: Ronit Dhage 

Conflict of interest statement: The authors declared no conflict of interest. 



Kanugo et al. 
Pulsatile delivery of Ambrisentan for hypertension 

Journal of Research in Pharmacy 
 Research Article 

 

 http://dx.doi.org/10.29228/jrp.365 
J Res Pharm 2023; 27(2): 848-859 

 
858 

REFERENCES 

1.  Kee HJ, Kim I, Jeong MH. Zinc-dependent histone deacetylases: Potential therapeutic targets for arterial 

hypertension. Biochem Pharmacol. 2022;202:115111. [CrossRef] 

2.  Tomaszewski M, Morris AP, Howson JM, Franceschini N, Eales J, Xu X, et al. Kidney omics in hypertension – 

from statistical associations to biological mechanisms and clinical applications. Kidney Int [Internet]. 2022 Jun 9 

[cited 2022 Jun 10]; [CrossRef] 

3.  Al Attar AA, Fahed GI, Hoballah MM, Pedersen S, El-Yazbi AF, Nasser SA, et al. Mechanisms underlying the 

effects of caloric restriction on hypertension. Biochem Pharmacol. 2022 Jun 1;200:115035. [CrossRef] 

4.  Wójcik M, Kozioł-Kozakowska A. Obesity, Sodium Homeostasis, and Arterial Hypertension in Children and 

Adolescents. Nutrients [Internet]. 2021 Nov 1 [cited 2022 Jun 10];13(11). [CrossRef] 

5.  Tanaka M, Itoh H. Hypertension as a Metabolic Disorder and the Novel Role of the Gut. Curr Hypertens Rep 

[Internet]. 2019 Aug 1 [cited 2022 Jun 10];21(8):1–10. [CrossRef] 

6.  Ames MK, Atkins CE, Pitt B. The renin-angiotensin-aldosterone system and its suppression. J Vet Intern Med 

[Internet]. 2019 Mar 1 [cited 2022 Jun 10];33(2):363. [CrossRef] 

7.  Hajra A, Safiriyu I, Balasubramanian P, Gupta R, Chowdhury S, Prasad AJ, et al. Recent Advances and Future 

Prospects of Treatment of Pulmonary Hypertension. Curr Probl Cardiol. 2022 Apr 29;101236. [CrossRef] 

8.  Morris M, Yamazaki S, Stefanovska A. Multiscale Time-resolved Analysis Reveals Remaining Behavioral 

Rhythms in Mice Without Canonical Circadian Clocks. J Biol Rhythms [Internet]. 2022 Jun [cited 2022 Jun 

10];37(3):310–28. [CrossRef] 

9.  Douma LG, Gumz ML. Circadian Clock-Mediated Regulation of Blood Pressure. Free Radic Biol Med [Internet]. 

2018 May 5 [cited 2022 Jun 10];119:108. [CrossRef] 

10.  Kanugo AY, Kochar NI, Chandewar AV. Development of pulsatile drug delivery for chronotherapeutics of 

hypertension. Int J Drug Deliv Technol. 2017;7(3).  [CrossRef] 

11.  Sreejan M, Krishnaveni V, Sai Padmini, Satyavathi K, Bhojaraju P,  Madhubabu M. Design and Evaluation of 

Chronotherapeutic Delivery of Terbutaline Sulphate by Pulsincap Technology. Int J Drug Deliv Technol. 

2017;7(1):75–82.  [CrossRef] 

12.  Dabhi C, Randale S, Belgamwar V, Gattani S, Tekade A. Predictable pulsatile release of tramadol hydrochloride 

for chronotherapeutics of arthritis. 2010;17(5):273–81. [CrossRef] 

13.  Penhasi A, Gomberg M. Design and development of an innovative water insoluble fi lm-coating combination for 

oral pulsatile drug delivery. J Drug Deliv Sci Technol [Internet]. 2018;43(October 2017):274–82. [CrossRef] 

14.  Zhang Z, Qi X, Li X, Xing J, Zhu X, Wu Z. A novel pulsatile drug delivery system based on the physiochemical 

reaction between acrylic copolymer and organic acid: In vitro and in vivo evaluation. Int J Pharm [Internet]. 

2014;462(1–2):66–73. [CrossRef] 

15.  Kanugo AY, Kochar NI, Chandewar AV. pH dependent pulsatile drug delivery for chronotherapeutics of 

cardiovascular diseases. Der Pharma Lettre 2017; 260–9.  

16.  Vani C, Reddy KS. Pulsatile drug delivery system-a technique of delivering drug in accordance with biological 

clock-a review. Int J Adv Res [Internet]. [cited 2022 Jun 6];9(05):101–24. [CrossRef] 

17.  Ambrisentan: Uses, Interactions, Mechanism of Action | DrugBank Online [Internet]. [cited 2021 Sep 19]. 

Available from: https://go.drugbank.com/drugs/DB06403. [CrossRef] 

18.  Kanugo A. Liquisolid-pellets technique: A recent technique for enhancing solubility and bioavailability of drugs. 

Int J Appl Pharm. 2020;12(6):34–40.  [CrossRef 

19.  Parmar K, Shaikh A, Dalvadi H. Chronomodulated drug delivery system of Irbesartan: Formulation and 

development using Desing of Experiment (DoE). Bull Fac Pharmacy, Cairo Univ [Internet]. 2018;56(1):11–7. 



Kanugo et al. 
Pulsatile delivery of Ambrisentan for hypertension 

Journal of Research in Pharmacy 
 Research Article 

 

 http://dx.doi.org/10.29228/jrp.365 
J Res Pharm 2023; 27(2): 848-859 

 
859 

[CrossRef] 

20.  Kanugo AY, Kochar NI, Chandewar AV, Dhabarde DM, Dhawral VG. Design and evaluation of enteric 

compression-coated tablet for chronotherapeutic drug delivery. Asian J Pharm. 2017;11(3). [CrossRef] 

21.  Kanugo AY, Kochar NI, Chandewar A. Pulsatile drug delivery of candesartan cilexetil for cardiovascular  
 
                complications. Int J Pharm Sci Res 2017;8(9):3928–35.. [CrossRef] 

22.  Roy SK, Das P, Mondal A, Mandal A, Kuotsu K. Design , formulation and evaluation of multiparticulate time 

programmed system of ramipril for pulsed release : An approach in the management of early morning surge in 

blood pressure. J Drug Deliv Sci Technol [Internet]. 2021;62(November 2020):102344. [CrossRef] 

23.  Kanugo AY, Mathur VB. Evaluation and Comparison of Highly Soluble Sodium Stearyl Fumarate with Other 

Lubricants In Vitro. Indo Am J Pharm Res 2013;3:4042-4049.  

24.  Rashid R, Zaman M, Ahmad M, Khan MA, Butt MH, Salawi A, et al. Press-Coated Aceclofenac Tablets for 

Pulsatile Drug Delivery: Formulation and In Vitro Evaluations. Pharmaceuticals. 2022;15(3):1–19. [CrossRef] 

25.  Hellberg E, Westberg A, Appelblad P, Mattsson S. Evaluation of dissolution techniques for orally disintegrating 

mini-tablets. J Drug Deliv Sci Technol. 2021 Feb 1;61:102191. [CrossRef] 

26.  Li R, Pan Y, Chen D, Xu X, Yan G, Fan T. Design, Preparation and In Vitro Evaluation of Core–Shell Fused 

Deposition Modelling 3D-Printed Verapamil Hydrochloride Pulsatile Tablets. Pharmaceutics. 2022;14(2). 

[CrossRef] 

27.  Kokott M, Lura A, Breitkreutz J, Wiedey R. Evaluation of two novel co-processed excipients for direct 

compression of orodispersible tablets and mini-tablets. Eur J Pharm Biopharm [Internet]. 2021 Nov 1 [cited 2021 

Sep 19];168:122–30. [CrossRef] 

28.  Gowthami B, Krishna SVG, Rao DS. Formulation of Tablets in Capsule system : Statistical optimization for 

chronotherapeutic drug delivery of propranolol hydrochloride. 2021;63(October 2020). [CrossRef] 

29.  Biswas N, Kuotsu K. Chronotherapeutically Modulated Pulsatile System of Valsartan Nanocrystals—an In Vitro 

and In Vivo Evaluation. AAPS PharmSciTech. 2017;18(2):349–57. [CrossRef] 

30.  Bello ML, Junior AM, Freitas CA, Moreira MLA, Juliana P, Souza MA De, et al. European Journal of 

Pharmaceutical Sciences Development of novel montmorillonite-based sustained release system for oral 

bromopride delivery . 2022;175(May). [CrossRef] 

31.  Kanugo AY, Kochar NI, Chandewar A . Predictable Pulsatile Release of Candesartan Cilexetil for 

Chronotherapeutics of Hypertension. Int J Drug Dev Res. 2017;9(2):42–7  

32.  Patadia R, Vora C, Mittal K, Mashru RC. Quality by Design Empowered Development and Optimisation of 

Time-Controlled Pulsatile Release Platform Formulation Employing Compression Coating Technology. AAPS 

PharmSciTech [Internet]. 2017;18(4):1213–27. [CrossRef] 

33.  Dahmash EZ, Iyire A, Alyami HS. Development of orally dissolving films for pediatric-centric administration of 

anti-epileptic drug topiramate – A design of experiments (DoE) study. Saudi Pharm J. 2021 Jul 1;29(7):635–47.  

[CrossRef] 

34.  Kallakunta VR, Sarabu S, Dudhipala N, Janga KY, Bandari S, Zhang F, et al. Chrono modulated multiple unit 

particulate systems (MUPS) via a continuous hot melt double extrusion technique: Investigation of the 

formulation and process suitability. Eur J Pharm Biopharm [Internet]. 2021;168(May):184–94. [CrossRef] 

 

 


