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Introduction

• Hypertension is a major contributing factor for CVD and renal 

diseases, that can increase the risks of comorbidities such as 

myocardial infarction, stroke and heart failure

• Classical antihypertensive drugs include renin inhibitor, ACE 

inhibitors, angiotensin II receptor blockers ,β-adrenoreceptor

blockers ,aldosterone-related blocker
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Introduction

• Blood pressure control through the administration of first-line 

classes of antihypertensive drugs has been proven to 

significantly improve the clinical outcome of hypertension in 

the overall population and in the subgroups of patients with 

different degrees of severity of the disease
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Positions 
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Criteria for Hypertension Based on Office , ABPM , 
HBPM
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BP targets for individuals with preexisting CKD
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Combination Therapy

• Single pill combinations or monotherapy should be considered 
for initial antihypertensive therapy

• Low doses of multiple drugs may be more effective and better 
tolerated than higher doses of fewer drugs
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Combination Therapy

• Reassess patients with uncontrolled BP at least every two 
months.

• The combination of ACE inhibitors and ARBs should not be 
used

• In patients in whom combination therapy is being considered, 
an ACE inhibitor plus a long-acting dihydropyridine CCB is 
preferable to an ACE inhibitor plus a thiazide or thiazide-like 
diuretic
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Antihypertensive medication

• Patients on antihypertensive drug treatment should be seen 

every 1-2 months, depending on the level of BP, until readings 

on 2 consecutive visits are below their target

• When the target BP has been reached, patients should be seen 

at 3- to 6-month intervals
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Possible reasons for poor response to
antihypertensive therapy

• Inaccurate measurement

• Suboptimal treatment regimens

• Poor adherence

• Associated conditions

• Drug interactions

• Volume overload

• Secondary hypertension
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Is it resistant hypertension

Causes of apparent resistant hypertension

1. nonadherence

2. secondary hypertension

3. white coat effect

These should be ruled out before true resistant hypertension is 

diagnosed
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Management of Resistant Hypertension
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Evaluation of Secondary Hypertension
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Management of Resistant Hypertension

• Optimize drug therapy, using longer-duration medications and 
a diuretic, preferably thiazidelike (ie, chlorthalidone or 
indapamide)

• Increase the doses to the highest tolerated level

• Review adherence and consider obstructive sleep apnea in 
patients with suspected RHT
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Management of Resistant Hypertension

• Health behaviour modification, including a reduction in dietary 
sodium intake, might still be beneficial in patients with 
suspected RHT.

• Pharmacotherapy with the additional use of spironolactone, 
bisoprolol, doxazosin, amiloride, or clonidine with the baseline 
regimen decreases BP significantly, with the greatest BP-
lowering shown with spironolactone
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Classical targets in hypertension

• AngII-AT1R/AT2R axis

• ACE2/Ang1–7/Mas receptor axis

• Aldosterone

• Aldosterone receptor (AR)
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New targets in hypertension

• Aminopeptidase of the brain renin-Ang system (RAS)

• Vasoactive intestinal peptide (VIP) receptor

• Intestinal NHE3

• Endothelin receptor (ETR)

• Drugs targeting the NO pathway

• Vaccines

• Gastrointestinal microbiota

• Leptin
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Aminopeptidase of the brain RAS

• The activation of RAS in the brain can improve sympathetic 

tone and consequently increase vascular resistance and the 

release of arginine vasopressin which lead to elevated BP level 
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Aminopeptidase of the brain RAS

• Aminopeptidase A (APA) is a membrane-bound zinc 
metalloprotease. It is responsible for the N-terminal cleavage 
of Ang II and it can convert Ang II to Ang III

• EC33 [(S)-3-amino-4-mercaptobutyl sulfonic acid] is a specific 
APA inhibitor

• RB150 [4,40-dithio[bis(3-aminobutyl sulfonic acid)]] is a 
systemically active prodrug of EC33
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Aminopeptidase of the brain RAS

• RB150 may be the prototype of a new class of centrally active 
anti-hypertensive agents

• phase I clinical trials were conducted to evaluate the safety, 
pharmacokinetics and pharmacodynamic effects of RB150 in 
humans
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Vasoactive intestinal peptide receptor

• VIP is a neuropeptide that exerts positive inotropic, 

chronotropic and vasodilatory effects by activating the G 

protein-coupled receptors VPAC1 and VPA 2

• VIP is associated with several CVDs and cardiopulmonary 

diseases
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Vasoactive intestinal peptide receptor

• Vasomera (PB1046) was developed by fusing an analog of VIP 
with an elastin-like polypeptide

• This drug exerts its effects through selectively binding VPAC2, 
thereby avoiding the gastrointestinal side effects associated 
with VPAC1 activation

• PB1046 has a longer half-life than native VIP
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Intestinal NHE3

• The imbalance of sodium intake and excretion plays an 

important role in the pathogenesis of hypertension and its 

complications

• NHE3 expressed on enterocytes throughout the intestinal 

lumen plays a dominant role in intestinal sodium absorption

10/25/2022
New drug targets for hypertension

BBA - Molecular Basis of Disease 1867 (2021) 166037 34



Intestinal NHE3

• Inhibition of NHE3 has been considered a potential strategy for 

controlling hypertension and its complications

• SAR218034 (SAR) is an orally nonabsorbable specific NHE3 

inhibitor
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Intestinal NHE3

• SAR (1 mg/kg per day in chow) increased fecal sodium 

excretion and reduced urine sodium excretion

• Drug increased feces water content and reduced SB

• the hypotensive effect of SAR can be significantly enhanced 

when combined with the ACE inhibitor ramipril
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Endothelin receptor (ETR)

• Endothelin-1 (ET-1) is an endothelium-derived contractile 

factor released by vascular endothelial cells

• It is the most potent vasoconstrictor and an important factor 

for maintaining vascular tension 
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Endothelin receptor (ETR)

• ET-1 can bind with its specific receptors ETRs including ETAR 
and ETBR which are G-protein coupled receptors

• The binding of ET-1 to ETAR can promote vasoconstriction, cell 
proliferation, tissue fibrosis and vascular endothelial injury

• The binding of ET-1 to ETBR can activate endothelial cells to 
produce NO, thereby relaxing vascular smooth muscle and 
inhibiting vasoconstriction and cell proliferation 

• Therefore, inhibition of ETAR may be a strategy for the 
treatment of hypertension.
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ETR antagonists

• Selective ETAR antagonists such as darusentan and 

ambrisentan

• Nonselective ETRAs such as bosentan and macitentan

• Selective ETBR antagonists
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Drugs targeting the NO pathway

• NO is a vasodilation factor that plays an important role in BP 

regulation

• Asymmetric and symmetric dimethylarginine (ADMA and 

SDMA, respectively) are endogenous NOS inhibitors that can 

inhibit the production of NO

10/25/2022
New drug targets for hypertension

BBA - Molecular Basis of Disease 1867 (2021) 166037 40



Drugs targeting the NO pathway

• Increasing NO levels in the body may reduce BP 

• NOS substrates and drugs that reduce ADMA and ADMA levels 

and NO donors may be useful for reducing BP
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Drugs targeting the NO pathway

• Sphingosine-1-phosphate, the bioactive lipid mediator is a 

potent activator of endothelial nitric oxide synthase through G 

protein-coupled receptors 

• The autocrine/paracrine activation of Sphingosine-1-

phosphate receptors (SIPR) plays an important role in the 

regulation of BP level
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Drugs targeting the NO pathway

• Drugs that reduce ADMA and SDMA levels such as resveratrol, 

melatonin, and N-acetylcysteine (NAC) can also play an 

important role in regulating BP

• NO donors such as sodium nitrate and pentaerythritol

tetranitrate can also lower BP
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Vaccines

• Vaccines targeting the RAS for the treatment of hypertension 

have been reported since the 1950s

• The antihypertensive effect of vaccines must be verified in a 

broader population with hypertension
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Gastrointestinal microbiota

• The metabolites of the gastrointestinal microbiota play an 

important role in BP regulation

• Microbial abundance and diversity were dramatically reduced 

in the pre-hypertension and hypertension group
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Gastrointestinal microbiota

• High intake of fruit and vegetables, which are considered as 

sources of SCFAs, can reduce BP

• Lactobacilli can play a protective role against the development 

of hypertension
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Leptin

• Obesity is the most common cause of primary HTN and is 

directly proportional to increases BMI

• The relationship of leptin and hypertension is mutual

• Whether the selective leptin antagonists have the property of 

antihypertensive drugs remains unclear
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Sodium-glucose cotransporter 2

• The mechanisms of SGLT2 inhibitors lowering BP level may be 

via natriuresis and osmotic diuresis

• SGLT2 inhibitors seem to reduce nighttime BP compared with 

daytime
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10/25/2022
New drug targets for hypertension

BBA - Molecular Basis of Disease 1867 (2021) 166037 50



10/25/2022

51


