
The Pharmaceutical and Chemical Journal, 2021, 10(3):102-111 
 

         The Pharmaceutical and Chemical Journal 

102 

 

 Available online www.tpcj.org 
 

 

 

 

 

    

 
Review Article 

ISSN: 2349-7092 

CODEN(USA): PCJHBA  

    

 

A Review on Recent Research in Drug Targeting using Gastroretentive Drug 

Delivery Systems for Antihypertensive Drugs 

 

Sandeep Kumar, Dr. Rakesh Kumar Meel 

 

Shridhar University Pilani-Chirawa Road, Pilani, Rajasthan, India 

skpharmasikar@gmail.com 

 

Abstract The preferred route of drug administration is via the oral route. Gastroretentive Drug Delivery Systems 

(GRDDSs) represent an innovative strategy within the pharmaceutical sector. Gastroretentive drug delivery systems 

(GRDDs) refer to dosage forms that are designed to remain in the stomach for an extended period of time. 

Gastroretentive drug delivery systems (GRDDSs) have the potential to improve the controlled release of drugs that 

have a specific absorption window by gradually administering the drug over an extended period until it reaches the 

intended site of absorption. The use of GRDDS is advantageous for drugs due to their ability to enhance 

bioavailability, therapeutic efficacy, and potential for dose reduction. Additionally, GRDDS can improve drug 

solubility, particularly for drugs that exhibit low solubility in high pH environments. This paper presents a discussion 

on the Gastroretentive Drug Delivery System of antihypertensive medication. 

 

Keywords Gastroretentive Drug Delivery System, Floating, Antihypertensive, GRDDS, FDDS 

Introduction 

The utilization of drug delivery systems serves as a competitive strategy for expanding markets and indications, 

enhancing the longevity of products, and generating novel prospects [1-2]. According to literature, the preferred route 

of drug administration is through oral ingestion [3]. The oral route is widely preferred for systemic impact due to its 

convenient ingestion, painless administration, adaptability, and particularly, patient compliance. In addition, it has 

been noted that oral delivery systems with robust efficacy do not require aseptic conditions, thereby resulting in 

reduced production expenses [1-3]. Solid drug formulations are extensively utilized owing to their affordability, 

convenient administration, efficient dosage self-medication, pain mitigation, and particularly noteworthy, patient 

adherence. According to sources [3-4], tablets and capsules are the predominant solid dosage forms utilized. In various 

scenarios, a rapidly dissolving drug delivery mechanism is represented by a tablet that disintegrates or dissolves in the 

oral cavity without the requirement of water or mastication. In order to mask the flavor of the active ingredient, it is 

necessary for fast-dissolving delivery system films to incorporate certain substances [4-5]. Gastroretentive Drug 

Delivery Systems (GRDDSs) represent an innovative strategy within the pharmaceutical sector. Gastroretentive drug 

delivery systems (GRDDs) refer to dosage forms that are designed to remain in the stomach for an extended period of 

time. Gastroretentive drug delivery systems (GRDDSs) have the potential to improve the controlled release of drugs 

with a specific absorption window by gradually administering the drug over an extended period until it reaches the 

intended absorption site [6]. Gastroretentive dosage forms have the purpose of being retained in the gastric region for 

a prolonged duration, and subsequently releasing the drug candidates that have been inserted. This facilitates the 

continuous and extended input of drugs to the upper gastrointestinal tract, thereby ensuring the maintenance of optimal 
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bioavailability. This information is supported by reference 7. Consequently, these formulations not only prolong 

dosing intervals but also enhance patient adherence beyond the scope of presently accessible controlled release dosage 

forms [7-9]. The use of GRDDS is advantageous for drugs due to their ability to enhance bioavailability, therapeutic 

efficacy, and potential for dose reduction. Additionally, GRDDS can improve drug solubility, particularly for drugs 

that exhibit low solubility in high pH environments [10]. In addition to the aforementioned advantages, these devices 

offer pharmacokinetic benefits, including sustained maintenance of therapeutic levels over an extended duration, 

leading to a reduction in fluctuations of therapeutic levels. The preservation of gastric function could potentially yield 

advantages, such as facilitating the administration of products with limited absorption timeframes to the duodenum. 

Moreover, an extended duration of gastric retention within the stomach has the potential to confer advantageous 

outcomes for regional effects in the proximal portion of the small intestine [8-10]. 

Stomach’s Physiology 

The stomach performs the vital roles of food storage, mechanical breakdown, and initiation of preliminary stages of 

food digestion [11]. The stomach is an anatomical structure that possesses the capacity to retain and amalgamate 

ingested nutrients. Anatomically, the stomach is partitioned into three distinct regions, namely the fundus, body, and 

antrum (pylorus).  Certain orders of mammals possess forestomachs that are highly sacculated, such as select 

artiodactyls and primates. The aforementioned partition is enduring in nature and serves to facilitate the process of 

food digestion [11]. The stomach, a heavily muscularized organ known as the duodenum, is situated between the 

esophagus and the initial segment of the small intestine. The upper portion of the stomach, known as the fundus, is 

situated in proximity to the diaphragm on the left side of the abdominal cavity. The pancreas is situated inferior to the 

stomach. The greater curvature envelops the greater omentum. The mucosal lining of the stomach comprises glandular 

structures that synthesize gastric secretions, primarily composed of main cells. This particular digestive secretion has 

the capacity to produce a volume of three quarts on a daily basis. The gastric glands are stimulated by parasympathetic 

signals from the vagus nerve, resulting in the secretion of gastric acid prior to the arrival of food in the stomach. This 

physiological process renders the stomach a reservoir for acid storage. 

Distinct cells and functions are present in each region of the stomach. The stomach is divided into distinct sections, 

which are delineated as follows: 

• The cardiac area is the anatomical location where the contents of the oesophagus are emptied into the 

stomach. 

• The fundus is formed by the superior curvature of the organ. 

• The primary central component of the organ is the body. 

• The lower region of the organ, also referred to as the pylorus or atrium, facilitates the evacuation of the 

contents into the small intestine. 

 

Two muscular valves, known as sphincters, ensure that the contents of the stomach remain contained within its 

confines.These are: 

• The sphincter that separates the oesophagus and the heart. 

• The pyloric sphincter, also known as the pyloric aperture, separates the stomach from the small intestine. 

 

The stomach is supplied with nutrients by various branches including the hepatic left gastric, right gastric, and right 

gastroepiploic branches, in addition to the lineal left gastroepiploic and short gastric branches. The muscular coat is 

fed by them, after which they branch out in the submucous coat prior to their arrival at the mucous membrane. The 

arteries bifurcate into a network of diminutive capillaries at the bottom of the gastric tubules, which ascend amidst the 

tubules. The merging of capillaries results in the formation of a plexus that encompasses the tube apertures, ultimately 

giving rise to hexagonal meshes encircling the ducts. The veins emanate from these structures and traverse a linear 

trajectory downwards, intercalating between the tubules, until they reach the submucosal tissue, where they culminate 

in either the superior mesenteric vein or the portal vein in a direct manner. There exists a significant number of 

lymphatic vessels. The lymphatic vessels are comprised of two distinct layers, namely the superficial and deep layers, 

which follow the contours of the organ and lead to the lymph nodes. The nerves are distributed throughout various 
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sections of the organ, including the terminal branches of both the right and left urethras. The former are dispersed on 

the back, while the latter are located on the front. Additionally, a substantial quantity of sympathetic plexus branches 

originating from the celiac plexus are received by it. The nerve plexuses are situated within the submucosal and 

muscular layers of the gastrointestinal tract. The plexuses are responsible for providing fibrils to both the muscle tissue 

and the mucous membrane [11-13]. 

 
Figure 1: Diagram of Stocmach [11] 

The desirable characteristics of a drug delivery system that can retain in the stomach for an extended period of time. 

• Pharmaceutical agents exerting their effects specifically within the upper gastrointestinal tract. 

• Pharmaceutical substances are primarily absorbed within the proximal portion of the gastrointestinal tract. 

• At a basic pH, the solubility of drugs is reduced. 

• Pharmaceuticals with a limited absorption range. 

• Pharmaceutical substances are rapidly assimilated from the gastrointestinal tract. 

• Drugs exhibit instability or degradation when exposed to a basic pH range of [5-10]. 

 

The prerequisites for Gastroretentive Drug Delivery System 

• Pharmaceutical substances that are absorbed from the proximal segment of the gastrointestinal tract. 

• Pharmaceutical substances that exhibit reduced solubility or susceptibility to degradation due to the alkaline 

pH environment present in the lower gastrointestinal tract. 

• Pharmaceutical substances that exhibit absorption properties irrespective of the variability in gastric 

emptying time. 

• Local or sustained medication administration to the stomach and proximal small intestine is a common 

therapeutic approach for certain medical conditions. 

• This method is particularly effective in the treatment of peptic ulcers that are caused by H. Pylori infections. 

[8-11]. 

 

Approaches of Gastroretentive Drug Delivery System 

The possible approaches of Gastroretentive Drug Delivery System are as follows: 

• Low-density systems/ floating systems 

• High density systems 

• Expandable systems 

• Bioadhesive systems 

• Raft forming systems  

• Bioadhesive systems  

• Raft forming systems  

• Super-porous hydrogel systems  

• Magnetic systems  

• Ion-exchange resin systems [14-25] 

 

Gastroretentive drug delivery systems have many benefits like: 
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• • Greater availability in the body 

• • Prolonged medication release 

• • Localized delivery of medication 

• • Less variation in plasma drug levels 

• Selectivity of receptor activation has been enhanced. [7-9] 

 

Gastroretentive drug delivery systems have many Limitations like: 

The Gastroretentive Drug Delivery System can increase the bioavailability of drugs that have a small window of 

absorption. They do, however, have some limitations to their scope. 

• GRDDS can't float and do their job unless there's a lot of fluid in the stomach. 

• Drugs that cause ulcers are not an option. 

• Colon-absorbable medications. 

• Patients suffering from achlorhydria 

• GRDDS are not appropriate for medications which are unstable and have solubility problems in stomach. 

• Drugs that irritate the stomach lining should not be used for GRDDS. 

• • First-pass-metabolized drugs like nifedipine are not good candidates. [25]. 

 

Gastric retention of dosage forms can be affected by a number of different factors. 

• Gastric motility enhancers or depressants  

• Fed or unfedstate- under fasting conditions  

• Frequency of feed  

• Caloric content 

• Nature of meal  

• Concomitant Intake of Drug  

• Size 

• Density  

• Posture  

• Age 

• Gender 

• Disease State  

• Single or multiple unit formulation 

• Shape of dosage forms  

 

Floating drug delivery systems and their underlying mechanism 

Along with the gradual release of the medicine, there is also an accompanying increase in the required rate during the 

system flow on the contents of the stomach. 

Floating systems are divided into the following categories according to the buoyancy mechanism. 

• Alginate beads  

• Volatile Liquid/Vacuum Containing Systems  

• Hollow microspheres 

• Hydrodynamically balanced system 

• Gas generating systems  

• Microporous compartment systems 

• Low density systems [17-26]. 

 

Evaluation of Gastroretentive Drug Delivery System 

Pre compression parameters: 
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• Angle of repose  

• Carr’s compressibility index  

• Hausner’s ratio (HR) 

• Tapped density 

• Bulk density  

Post Compression Parameters: 

• Drug release study 

• Drug content uniformity 

• Friability test 

• Hardness test 

• Floatation studies 

• Weight variation test [17-26] 

 

Hypertension 

“High blood pressure (hypertension) is a common condition in which the long-term force of the blood against your 

artery walls is high enough that it may eventually cause health problems, such as heart disease” [27]. 

Blood pressure is influenced by two factors: cardiac output, which is the amount of blood pumped by the heart, and 

peripheral vascular resistance, which is the amount of resistance to blood flow in the arteries. As blood pressure 

increases, cardiac output also increases while arterial diameter decreases. Blood pressure is typically expressed in 

millimeters of mercury (mm Hg). Both the systolic and diastolic blood pressures are crucial. Elevated values may 

indicate the presence of hypertension. Insufficient blood pressure levels, as evidenced by research [27-29], may result 

in compromised blood circulation to vital organs, including the brain. 

Systolic Blood Pressure: The arterial blood pressure is a dynamic physiological parameter that continuously reflects 

the cardiac activity at any given moment, rather than remaining constant. During systole, the heart expels blood into 

the arteries. The forceful expulsion of blood into the arterial system results in an increase in arterial pressure. The 

systolic blood pressure is defined as the maximum pressure exerted by the blood against the arterial walls during 

cardiac contraction. According to established norms, an individual's systolic blood pressure while in a seated and 

relaxed state should not exceed 120 mmHg [27-29]. 

Diastolic Blood Pressure: The diastolic blood pressure refers to the arterial pressure during the resting phase of the 

cardiac cycle, specifically when the heart is not actively pumping blood into the arteries [27-29]. 

Sign and Symptoms: Hypertension is typically an asymptomatic condition. A significant proportion of individuals 

may remain asymptomatic. The manifestation of symptoms may require a prolonged period of time, possibly spanning 

several years or even decades, for the disease to advance to a discernible stage. However, it is possible that these 

symptoms may be attributed to an alternative cause. However, it is possible that these symptoms could be ascribed to 

alternative factors. 

Manifestations of severe hypertension may comprise: 

• chest pain  

• shortness of breath  

• headaches  

• dizziness  

• Pounding in your chest, neck, or ears 

• Fatigue or confusion 

• flushing 

• nosebleeds 

• blood in the urine  

• visual changes [30-31] 
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Causes of Hypertension 

There exist two distinct classifications of hypertension. Distinct etiologies are associated with each category. 

 

Primary Hypertension 

Essential hypertension, also known as primary hypertension, refers to high blood pressure that has no identifiable 

cause. This type of hypertension exhibits a gradual onset and lacks a clear etiological basis. This represents the most 

prevalent form of hypertension. The mechanisms underlying the gradual increase in blood pressure remain elusive to 

the scientific community. Several factors could be involved. Possible inclusions could encompass: 

Environment: The adoption of unhealthy lifestyle behaviors, such as inadequate physical activity and poor dietary 

habits, can have a cumulative negative impact on one's physical well-being in the long run. Lifestyle choices have the 

potential to contribute to weight-related concerns. The likelihood of developing hypertension is higher in individuals 

who are overweight or obese. 

Physical changes: The occurrence of any alterations within the body may lead to the manifestation of issues 

throughout the entirety of the organism. One potential concern that may arise is hypertension. Age-related alterations 

in renal function are known to disrupt the homeostatic regulation of sodium and water balance within the body. This 

shift may lead to an increase in your blood pressure. 

Hypertension is a medical condition that exhibits a genetic predisposition in certain individuals. The possible cause 

of this phenomenon could be attributed to genetic abnormalities that are inherited or gene mutations that are passed 

down from one's progenitors [28-31]. 

Secondary Hypertension 

Secondary hypertension has a more rapid onset and potentially greater severity compared to primary hypertension. 

Secondary hypertension may arise due to various factors, such as: 

• thyroid problems 

• adrenal gland problems  

• obstructive sleep apnea  

• congenital heart defects  

• kidney disease  

• side effects of medications  

• alcohol abuse or chronic use 

• certain endocrine tumors 

• use of illegal drugs [28-31] 

Table 1: Diagnosis of Hypertension [32-35] 

Category Systolic (mmHg) Diastolic (mmHg) 

Optimal <120 <80 

Normal 120-129 80-84 

High Normal 130-139 85-89 

Grade 1 Hypertension 140-159 90-99 

Grade 2 Hypertension 160-179 100-109 

Hypertension Crisis ≥180 ≥110 

 

Pathophysiology of Hypertension 

The etiology of essential hypertension is intricate and multifaceted. Hypertensive phenomena involve the intricate 

interplay of multiple organ systems and a multitude of independent or interdependent pathways. The kidney serves as 

both a contributing and a target organ in this regard. The etiology of hypertension is attributed to several crucial 

factors, including genetics, activation of neurohormonal systems such as the sympathetic nervous system and the 

renin-angiotensin-aldosterone system, obesity, and elevated dietary salt intake. Arterial hypertension (BP) is the 

medical term used to describe the state of having consistently elevated systemic blood pressure. Blood pressure (BP) 
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is determined by the multiplication of cardiac output and total peripheral vascular resistance, as stated in references 

[36-39]. 

Secondary hypertension constitutes approximately 5-10% of the total cases of hypertension, while primary 

hypertension accounts for the remaining cases. While the etiology of secondary hypertension is acknowledged, the 

underlying cause of primary hypertension, also known as idiopathic hypertension, remains unidentified. There are 

multiple etiologies that can lead to secondary hypertension. Irrespective of the underlying cause, an increase in arterial 

pressure can be attributed to an elevation in cardiac output, an elevation in systemic vascular resistance, or a 

combination of both factors. The two primary factors that lead to an elevation in cardiac output are heightened 

neurohumoral stimulation of the heart and augmented blood volume. The most common reasons for elevated systemic 

vascular resistance are heightened sympathetic activity or the impact of circulating vasoconstrictors. The optimal 

approach for managing secondary hypertension involves addressing or eradicating the root cause or pathology, while 

acknowledging that antihypertensive medications may still be necessary. 

The following are enumerated as potential etiologies for secondary hypertension. 

• Primary hyperaldosteronism 

• Sleep apnea 

• Renal artery stenosis 

• Chronic renal disease 

• Aortic coarctation 

• Pheochromocytoma 

• Preeclampsia  

• Hyper- or hypothyroidism 

• Stress [40-47] 

 

Management of Hypertension 

The hypertension can be managed by Lifestyle modifications and drugs. In lifestyle, it usually restricted by “dietary 

changes, physical exercise, weight loss, yoga, meditation etc.” [48-50]. 

“Several fitness regimes can be effective in lowering the blood pressure, including isometric resistance exercise, 

cardiovascular exercise, resistance exercise and breathing related exercise” [48-49]. 

 

Medications 

Various antihypertensive drugs, such as calcium channel blockers, adrenergic receptor antagonists (beta and alpha 

blockers), vasodilators, aldosterone receptor antagonists, ACE inhibitors, renin inhibitors, diuretics, AT2 receptor 

antagonists, and endothelium receptor blockers, are currently available for the treatment of hypertension [51-53]. 

Some recent gastro-retentive drug delivery system of antihypertensive drugs are: 

• Candesartan and Simvastatin gastro-retentive medication delivery system for the efficient control of 

hypertension [54]. 

• Gastro retentive drug delivery system intended for directing Losartan and Hydrochlorothiazide [55]. 

• Formulation, Optimization, and Evaluation of Gastroretentive Drug Delivery System of Nifedipine [56]. 

• Sucralfate and Metoprolol Succinate Bi-Layer Floating Tablet as Gastro Retentive Drug Delivery System 

[57]. 

• Development and Characterization of GRDDS of Hydrochlorothiazide [58]. 

• Azelnidipine, dihydropyridine based calcium channel blocker [59] 

• Formulation and Evaluation of Propranolol HCl Floating Tablets [60] 

 

Conclusion 

The popularity of the Gastroretentive Drug Delivery System is expected to increase in the coming years owing to the 

availability of various innovations and a multitude of advantages. 
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Future Scope for GRDDS 

The pharmaceutical industry has been primarily focused on controlling drug release profiles for antihypertensive drugs 

over the past 20 years. However, there is potential for the next two decades to shift the focus towards controlling 

gastrointestinal transit profiles. This shift could lead to the development of new products with unique therapeutic 

possibilities and substantial benefits for patients. In the near future, gastroretentive products that exhibit release and 

absorption kinetics lasting approximately 24 hours are poised to supplant conventional "once-a-day" formulations. 

 

References 

[1]. Gupta, A. K., Mittal, A., &Jha, K. K. (2012). Fast dissolving tablet-A review. The pharma innovation, 1(1). 

[2]. Panigrahi, R., Behera, S. P., & Panda, C. S. (2010). A review on fast dissolving 

tablets.http://www.webmedcentral.com/article_view/1107 

[3]. Masih, A., Kumar, A., Singh, S., & Tiwari, A. K. (2017). Fast dissolving tablets: A review. Int J Curr Pharm 

Res, 9, 8-18. 

[4]. Rahane, R. D., & Rachh, P. R. (2018). A review on fast dissolving tablet. Journal of Drug Delivery and 

Therapeutics, 8(5), 50-55. 

[5]. Nayak, A. K., Malakar, J., & Sen, K. K. (2010). Gastroretentive drug delivery technologies: Current 

approaches and future potential. Journal of Pharmaceutical Education and Research, 1(2), 1. 

[6]. Yadav, G., Kapoor, A., & Bhargava, S. (2012). Fast dissolving tablets recent advantages: A review. 

International journal of pharmaceutical sciences and research, 3(3), 728. 

[7]. Chavanpatil, M. D., Jain, P., Chaudhari, S., Shear, R., & Vavia, P. R. (2006). Novel sustained release, 

swellable and bioadhesive gastroretentive drug delivery system for ofloxacin. International journal of 

pharmaceutics, 316(1-2), 86-92. 

[8]. Badoni, A., Ojha, A., Gnanarajan, G., & Kothiyal, P. (2012). Review on gastro retentive drug delivery 

system. The pharma innovation, 1(8, Part A), 32. 

[9]. Makwana, A., Sameja, K., Parekh, H., & Pandya, Y. (2012). Advancements in controlled release 

gastroretentive drug delivery system: A review. Journal of Drug Delivery and Therapeutics, 2(3). 

[10]. Dave, B. S., Amin, A. F., & Patel, M. M. (2004). Gastroretentive drug delivery system of ranitidine 

hydrochloride: formulation and in vitro evaluation. Aaps PharmSciTech, 5(2), 77-82. 

[11]. Retrieved from https://courses.lumenlearning.com/boundless-ap/chapter/the-stomach/ 

[12]. Retrieved from https:// en.wikibooks.org 

[13]. Haschek, W. M., Rousseaux, C. G., & Wallig, M. A. (2010). Gastrointestinal tract. Fundamentals of 

Toxicologic Pathology. Academic Press, San Diego. 

[14]. Prajapati, V. D., Jani, G. K., Khutliwala, T. A., & Zala, B. S. (2013). Raft forming system—an upcoming 

approach of gastroretentive drug delivery system. Journal of controlled release, 168(2), 151-165. 

[15]. Tripathi, J., Thapa, P., Maharjan, R., & Jeong, S. H. (2019). Current state and future perspectives on 

gastroretentive drug delivery systems. Pharmaceutics, 11(4), 193. 

[16]. Hwang, S. J., Park, H., & Park, K. (1998). Gastric retentive drug-delivery systems. Critical Reviews™ in 

Therapeutic Drug Carrier Systems, 15(3). 

[17]. Lopes, C. M., Bettencourt, C., Rossi, A., Buttini, F., & Barata, P. (2016). Overview on gastroretentive drug 

delivery systems for improving drug bioavailability. International journal of pharmaceutics, 510(1), 144-

158. 

[18]. Streubel, A., Siepmann, J., & Bodmeier, R. (2006). Drug delivery to the upper small intestine window 

using gastroretentive technologies. Current opinion in pharmacology, 6(5), 501-508. 

[19]. Shaha, S. H., Patel, J. K., Pundarikakshudu, K., & Patel, N. V. (2009). An overview of a gastro-retentive 

floating drug delivery system. Asian journal of pharmaceutical sciences, 4(1), 65-80. 

[20]. Klausner, E. A., Lavy, E., Friedman, M., & Hoffman, A. (2003). Expandable gastroretentive dosage forms. 

Journal of controlled release, 90(2), 143-162. 



Kumar S & Meel RK                                                                  The Pharmaceutical and Chemical Journal, 2021, 10(3):102-111 

 

        The Pharmaceutical and Chemical Journal 

110 

 

[21]. Abou Youssef, N. A. H., Kassem, A. A., Magda Abd Elsamea, E. M., & Boraie, N. A. (2015). Development 

of gastroretentive metronidazole floating raft system for targeting Helicobacter pylori. International journal 

of pharmaceutics, 486(1-2), 297-305. 

[22]. Pujara, N. D., Patel, N. V., Thacker, A. P., Raval, B. K., Doshi, S. M., & Parmar, R. B. (2012). Floating 

microspheres: A novel approach for gastro retention. World journal of pharmacy and pharmaceutical 

sciences, 1(3), 872-895. 

[23]. Bhalla, S., & Nagpal, M. (2013). Comparison of various generations of superporous hydrogels based on 

chitosan-acrylamide and in vitro drug release. International Scholarly Research Notices, 2013. 

[24]. Awasthi, R., & Kulkarni, G. T. (2016). Decades of research in drug targeting to the upper gastrointestinal 

tract using gastroretention technologies: where do we stand?. Drug delivery, 23(2), 378-394. 

[25]. Sowmya, B., Arvapalli, S., & Gupta, A. V. S. S. S. (2019). Review on Gastroretentive Drug Delivery 

System. World Journal of Pharmaceutical and Life Sciences, 5(4), 101-110. 

[26]. Abouelatta, S. M., Aboelwafa, A. A., & El-Gazayerly, O. N. (2018). Gastroretentive raft liquid delivery 

system as a new approach to release extension for carrier-mediated drug. Drug delivery, 25(1), 1161-1174. 

[27]. https://www.verywellhealth.com/systolic-and-diastolic-blood-pressure-1746075 

[28]. https://www.mayoclinic.org/diseases-conditions/high-blood-pressure/symptoms-causes/syc-20373410 

[29]. https://www.healthline.com/health/high-blood-pressure-hypertension#symptoms-of-high-blood-pressure 

[30]. https://www.webmd.com/hypertension-high-blood-pressure/guide/hypertension-symptoms-high-blood-

pressure 

[31]. https://www.cdc.gov/bloodpressure/measure.htm 

[32]. Giles, T. D., Materson, B. J., Cohn, J. N., & Kostis, J. B. (2009). Definition and classification of 

hypertension: an update. The journal of clinical hypertension, 11(11), 611-614. 

[33]. Williams, B., Mancia, G., Spiering, W., Rosei, E. A., Azizi, M., Burnier, M., ... & Desormais, I. (2019). 

2018 ESC/ESH Guidelines for the management of arterial hypertension. Kardiologia Polska (Polish Heart 

Journal), 77(2), 71-159. 

[34]. Simonneau, G., Galie, N., Rubin, L. J., Langleben, D., Seeger, W., Domenighetti, G., ... & Fishman, A. 

(2004). Clinical classification of pulmonary hypertension. Journal of the American College of Cardiology, 

43(12S), S5-S12. 

[35]. Ducey, J., Schulman, H., Farmakides, G., Rochelson, B., Bracero, L., Fleischer, A., ... & Penny, B. (1987). 

A classification of hypertension in pregnancy based on h Doppler velocimet. American journal of obstetrics 

and gynecology, 157(3), 680-685. 

[36]. Rodrigo, R., González, J., & Paoletto, F. (2011). The role of oxidative stress in the pathophysiology of 

hypertension. Hypertension Research, 34(4), 431-440. 

[37]. https://www.cvphysiology.com/Blood%20Pressure/BP023 

[38]. Majzunova, M., Dovinova, I., Barancik, M., & Chan, J. Y. (2013). Redox signaling in pathophysiology of 

hypertension. Journal of biomedical science, 20(1), 1-10. 

[39]. Heilpern, K. (2008). Pathophysiology of hypertension. Annals of emergency medicine, 51(3), S5-S6. 

[40]. https://emedicine.medscape.com/article/1937383-overview 

[41]. Gillum, R. F. (1979). Pathophysiology of hypertension in blacks and whites. A review of the basis of racial 

blood pressure differences. Hypertension, 1(5), 468-475. 

[42]. Folkow, B. (1993). The pathophysiology of hypertension. Drugs, 46(2), 3-7. 

[43]. LaMarca, B. (2012). Endothelial dysfunction; an important mediator in the Pathophysiology of Hypertension 

during Preeclampsia. Minerva ginecologica, 64(4), 309. 

[44]. Burnier, M., & Wuerzner, G. (2015). Pathophysiology of hypertension. In Pathophysiology and 

Pharmacotherapy of Cardiovascular Disease (pp. 655-683). Adis, Cham. 

[45]. Gilbert, J. S., Ryan, M. J., LaMarca, B. B., Sedeek, M., Murphy, S. R., & Granger, J. P. (2008). 

Pathophysiology of hypertension during preeclampsia: linking placental ischemia with endothelial 

dysfunction. American Journal of Physiology-Heart and Circulatory Physiology, 294(2), H541-H550. 



Kumar S & Meel RK                                                                  The Pharmaceutical and Chemical Journal, 2021, 10(3):102-111 

          The Pharmaceutical and Chemical Journal 

111 

 

[46]. Büchner, N., Vonend, O., & Rump, L. C. (2006). Pathophysiology of hypertension: what's new?. Herz, 31(4), 

294-302. 

[47]. Hall, J. E., Granger, J. P., do Carmo, J. M., da Silva, A. A., Dubinion, J., George, E., ... & Hall, M. E. (2012). 

Hypertension: physiology and pathophysiology. Comprehensive Physiology, 2(4), 2393-2442. 

[48]. Arguedas, J. A., Perez, M. I., & Wright, J. M. (2009). Treatment blood pressure targets for hypertension. 

Cochrane Database of Systematic Reviews, (3). 

[49]. Vasan, N., & Przybylo, J. (2013). Do good well: Your guide to leadership, action, and social innovation. John 

Wiley & Sons. 

[50]. Brook, R. D., Appel, L. J., Rubenfire, M., Ogedegbe, G., Bisognano, J. D., Elliott, W. J., Fuchs, F.D., Hughes, 

J.W., Lackland, D.T., Staffileno, B.A. & Townsend, R. R. (2013). Beyond medications and diet: alternative 

approaches to lowering blood pressure: a scientific statement from the American Heart Association. 

Hypertension, 61(6), 1360-1383. 

[51]. Krause, T., Lovibond, K., Caulfield, M., McCormack, T., & Williams, B. (2011). Management of 

hypertension: summary of NICE guidance. Bmj, 343. 

[52]. Law, M., Wald, N., & Morris, J. (2003). Lowering blood pressure to prevent myocardial infarction and stroke: 

a new preventive strategy. In NIHR Health Technology Assessment programme: Executive Summaries. 

NIHR Journals Library. 

[53]. Diao, D., Wright, J. M., Cundiff, D. K., & Gueyffier, F. (2012). Pharmacotherapy for mild hypertension. 

Cochrane Database of Systematic Reviews, (8), 1-22. 

[54]. Chourasiya, K., & Chakraborty, A. K. (2023). Formulation, characterization and evaluation of gastro-

retentive drug delivery system for the treatment of hypertension. Eur. Chem. Bull. 12 (6), 1045 – 1053 

[55]. Maddiboyina, B., Hanumanaik, M., Nakkala, R. K., Jhawat, V., Rawat, P., Alam, A., ... & Kesharwani, P. 

(2020). Formulation and evaluation of gastro-retentive floating bilayer tablet for the treatment of 

hypertension. Heliyon, 6(11). 

[56]. Karemore, M. N., & Avari, J. G. (2019). Formulation, optimization, and in vivo evaluation of gastroretentive 

drug delivery system of nifedipine for the treatment of preeclampsia. AAPS PharmSciTech, 20, 1-16. 

[57]. Das, S. R., Panigrahi, B. B., & Pani, M. K. (2019). Formulation and evaluation of sucralfate and metoprolol 

succinate bi-layer floating tablet as gastro retentive drug delivery system. Wjpmr, 5(1), 241-258. 

[58]. Pandiya, H., & Sharma, C. S. (2021). Development and Characterization of Gastroretentive Drug Delivery 

System of Hydrochlorothiazide. Annals of the Romanian Society for Cell Biology, 5435-5458. 

[59]. Gaikwad, S. S., & Avari, J. G. (2019). Improved bioavailability of Azelnidipine gastro retentive tablets-

optimization and in-vivo assessment. Materials Science and Engineering: C, 103, 109800. 

[60]. Banik, K., Phalguna, Y., & Sangeetha, B. (2019). Formulation and Evaluation of Propranolol HCl Floating 

Tablets-A Gastro Retentive Drug Delivery. Research Journal of Pharmaceutical Dosage Forms and 

Technology, 11(3), 169-172. 

 


