
Arterial Hypertension and Tension-Type Headache | Encyclopedia.pub

https://encyclopedia.pub/entry/8694 1/11

Arterial Hypertension and Tension-Type
Headache
Subjects: Biochemistry & Molecular Biology | Neurosciences

Contributor: Natalia Shnayder , Polina V. Alyabyeva

Arterial hypertension (AH) is a prevalent condition worldwide and is the key risk factor for non-fatal and fatal

cardiovascular complications. Tension-type headache (TTH) is the most common type of primary headache and is

considered a common everyday headache.
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1. Introduction

Arterial hypertension (AH) is a prevalent condition worldwide and is the key risk factor for non-fatal and fatal

cardiovascular complications . Tension-type headache (TTH) is the most common type of primary headache and

is considered a common everyday headache . Many studies support the hypothesis that TTH patients have an

increased risk of developing AH, while hypertensive subjects do seem to have an increased risk of TTH. The

relationship between AH and TTH is potentially of great pathophysiological and clinical interest, but it is poorly

understood . This allows us to hypothesize the presence of the AH and TTH phenotype.

The pathophysiological patterns are significantly different in the setting of chronic pain, in which the adaptive

relationship between blood pressure and pain sensitivity is reversed. The connection between acute or chronic

pain and cardiovascular changes is supported observationally , but some of this indirect evidence is confirmed by

experimental animal models and human studies. AH and TTH may share common mechanisms like endothelial

dysfunction, deficiency of autonomic cardiovascular regulation, and renin angiotensin system involvement.

Nitric oxide (NO) is an important autocrine and paracrine signaling molecule that plays a crucial role in

cardiovascular physiology and pathology regulation. NO is an important molecule involved in regulation of cerebral

and extra cerebral cranial blood flow and arterial diameters . Reduced bioavailability of NO in the endothelium is

an important precursor for impaired vasodilation and AH. Furthermore, NO is involved in nociceptive processing. A

NO-induced biphasic response with an immediate and a delayed headache is common to chronic TTH in humans

.

NO-synthases (NOSs) are expressed in three isoforms, including neuronal NOS (nNOS, NOS1), inducible NOS

(iNOS, NOS2), and endothelial NOS (eNOS, NOS3) . All NOS isoforms can catalyze the conversion of l-arginine

to L-citrulline and NO (Figure 1). The active NOSs form a homodimer and convert the amino acid L-arginine to L-

citrulline and NO. The NOS monomer contains a C-terminal reductase domain and a N-terminal oxygenase
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domain, which are linked by the calmodulin (CaM) binding region. The N-terminal oxidase domain contains the

heme, tetrahydrobiopterin cofactors (BH4), and the binding site for the substrate arginine. The oxidase domain is

the active site of NO synthesis. Production of NO requires O  as an electron acceptor. NO diffuses freely across

the plasma membrane. Therefore, NO can be transported to effector proteins in the adjacent cells and exert its

effects (e.g., endothelial NO targets soluble guanylate cyclase (sGC) in smooth muscle to accomplish vasodilation)

.

Figure 1. Scheme of nitric oxide (NO) formation from L-arginine in humans.

NOS1 and NOS3 are commonly associated with low levels of NO production, which mediates intracellular signaling

processes (NOS1) and vascular homeostasis (NOS3). In addition to NO production, eNOS can function in an

uncoupled manner and produce ROS when the available stores of BH4 are removed or oxidized, l-arginine is

depleted, or the eNOS inhibitor asymmetric dimethyl-l-arginine is overexpressed . nNOS and eNOS are most

commonly found in non-immunological cells (e.g., neurons, muscle, endothelium). As their NO output is relatively

low, these isoforms are considered less immunologically important than their inducible counterpart, iNOS .

NO and NOSs play an important role in the pathogenesis and treatment of both AH and TTH. In particular, NOSs

affect the sensitivity of the brain to stress and changes in systemic and local hemodynamics . In addition, a NO-

synthesis change in endothelial cells of peripheral and cerebral vessels is one of the identified causes of NO-

dependent vasospasm (impaired NO-dependent vasodilation) in patients with AH  and TTH , as well as

chronic pain syndrome  and changes in the response to antihypertensive drugs  and analgesics .

However, the functional activity of enzymes of the NOS family depends on the carriage of wild, highly functional,

low functional, and non-functional single nucleotide variants (SNVs) of NOS1, NOS2, and NOS3 genes encoding

the enzyme isoforms.

2. Role of NO and NOSs in Pathogenesis and Treatment of
AH

AH is characterized by endothelial dysfunction, vasoconstriction and microvascular rarefaction. All of these

mechanisms are interconnected by cause and effect relationships. Moreover, NO is involved in each of these

pathogenetic mechanisms.
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Thus, NO is the main mediator of endothelial dysfunction underlying the development of AH. Endothelial

dysfunction is the first step in the development of atherosclerosis; it is characterized by reduced biosynthesis and

decreased bioavailability of NO . NO is the active radical form of both oxygen (ROS) and nitrogen (RNS). These

compounds can participate in free radical chain reactions or damage organic substrates. Chain reactions are one

of the main reasons why free radicals can cause damage far from where they form. Any organ or system can be

exposed to oxidative or nitrosative stress. However, the most susceptible to stress are the brain (high metabolic

activity and low levels of endogenous antioxidants) and the circulatory system (fluctuations in oxygen and nitric

oxide levels).

In AH, iNOS dysfunction is observed to a greater extent, since it is an isoform that catalyzes the formation of NO by

endothelial cells. Li Q. et al. (2015) described the iNOS uncoupling mechanism. Tetrahydrobiopterin (BH4) is a key

cofactor responsible for normal electron transfer from the reductase domain of one NOS2 monomer to the

oxygenase domain of another monomer to form NO. When this cofactor is deficient, iNOS produces a superoxide

anion instead of NO , which marks the induction of oxidative stress in the vessels. There are a number of

studies that confirm this mechanism: with the use of an animal model  and in clinical trials .

Kelm M. et al. (1996) identified three causes of NO-dependent vasospasm (impaired NO-dependent vasodilation)

in patients with AH: (1) reduced NO synthesis by endothelial cells due to impaired signal transduction and/or

decreased NO synthase activity, (2) accelerated NO degradation in the vessel wall, and (3) structural disorders in

the vessel wall leading to a general decrease in the dilator capacity of resistant arteries . Endothelial cells

release NO in response to shear stress and activation of various receptors. NO stimulates guanylyl cyclase to form

3′,5′-cyclic guanosine monophosphate, which leads to vasodilation of vascular smooth muscle cells. NO has a

vasodilating and antiproliferative effect on smooth muscle cells and inhibits thrombocyte aggregation and leukocyte

adhesion .

Increased NO biosynthesis enhances angiogenesis. Conversely, angiogenesis is impaired when NO levels are

reduced (e.g., in NOS2 knockout animal models). That is, conditionally, angiogenesis begins in response to

hypoxia. Thus, signs of impaired angiogenesis and, as a result, microvascular rarefaction are revealed in AH . It

is important that the degree of AH does not affect angiogenesis, and microvascular rarefaction is also observed in

normotensive people with a family history of hypertension. The genetic basis of these mechanisms has also been

studied. Recent studies have confirmed that the pathway of L-arginine conversion to NO is impaired not only in

people with AH, but also in people with normotension with a history of essential AH .

Vascular tone is regulated by a variety of autocrine and paracrine systems. The vascular renin-angiotensin system,

kallikrein-kinin system, natriuretic peptide system, endothelin, mechanosensitive ion channels, prostanoids,

catecholamines, and endothelial hyperpolarizing factor are involved . The impact on these systems is already

actively used in AH therapy. Interestingly, the effects of many cardiovascular drugs used in hypertension affect the

NO system. Activating NO signaling or increasing NO bioavailability are key mechanisms contributing to the

positive cardiovascular effects of drugs . Angiotensin-converting enzyme inhibitors, calcium channel blockers,

third-generation beta blockers, and statins significantly improve endothelial function and NO bioactivity .
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Angiogenic growth factors (vascular endothelial growth factor (VEGF) and fibroblast growth factor (FGF)) activate

NOS because they require NO to function. They do this through effector molecules and their effect on the RAAS

receptors. For example, bradykinin and angiotensin II induce angiogenesis .

Based on this, new treatment plans targeting the NO system are currently being investigated and developed; they

include NO donorship and NOS stimulants . In 1996, Preik M. et al. (1996) showed the effectiveness of NO

donorship (glycerol trinitrate, isosorbide dinitrate and sodium nitroprusside), and also noticed that it depended not

on the drug class, but on the severity of AH . These data form the basis of modern research. Rajapakse N.W. et

al. (2019) suggested that the decrease in NO bioavailability makes a significant contribution to the development of

resistant AH. This means that NO donorship may be the most effective treatment in this cohort of patients .

Today, these are pilot projects and developments, and the first clinical trials. However, they are promising and of

great scientific and clinical interest.

It is assumed that drug action on the NO system, in addition to other links of therapy, is especially advisable in the

case of resistant AH and comorbidity with other diseases (heart failure, diabetes mellitus, obesity). NO-mediated

endothelial dysfunction in such patients is more pronounced. Consequently, today, when developing drugs for AH

treatment, special attention is paid to the NO system. For example, nebivolol (a third generation β-blocker) is highly

selective for β1-adrenergic receptors and causes vasodilation through interaction with the L-arginine/NO

endothelial pathway. Although nebivolol lowers blood pressure to the same extent as conventional β-blockers and

other types of antihypertensive drugs, it will have a positive effect on the vascular endothelium . Nebivolol

releases NO, thereby preventing the development of hypertension associated with chronic NO deficiency, and this

effect appears to be dependent on inhibition of the renin-angiotensin system .

3. Role of NO and NOSs in Pathogenesis and Treatment of
TTH

TTH is a highly prevalent disorder with a significant impact on society. Understanding the pathophysiology of TTH

is paramount for development of effective treatments and prevention of chronic TTH . Advances in basic pain

and clinical research have improved our understanding of the TTH pathophysiologic mechanisms . Pain

perception studies such as measurement of muscle tenderness, pain detection thresholds, pain tolerance

thresholds, pain response to suprathreshold stimulation, temporal summation and diffuse noxious inhibitory control

have played a central role in elucidating the pathophysiology of TTH . Increased excitability of the central

nervous system (CNS) generated by repetitive and sustained pericranial myofascial input may be responsible for

the transformation of episodic TTH into the chronic form . Molecular mechanisms that underlie TTH have not yet

been clarified. Studies in which TTH was induced by intravenous infusions of glyceryl trinitrate (an exogenous NO

donor) and histamine (which liberates NO from vascular endothelium) suggest that NO is likely to be a responsible

molecule. The release of NO from blood vessels, perivascular nerve endings or from CNS tissue is an important

molecular trigger mechanism in spontaneous headache pain . Sarchielli P. et al. (2001) assessed the variations

in L-arginine/NO pathway activity and platelet cyclic guanosine 3′,5′-monophosphate (cGMP) levels in patients

affected by chronic TTH. A reduction in platelet aggregation response was found. The reduction in platelet
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aggregation was coupled with increased NO and cGMP production. A significant increase in cytosolic Ca(2+)

concentration was also detected compared to control individuals. This was accompanied by a reduced platelet

content and collagen-induced secretion of serotonin and increased content of NO in patients with TTH. The above

findings were more pronounced in patients with analgesic abuse. It can be hypothesized that the increased NOS

activity shown in platelets of TTH patients reflects an analogous central up-regulation of NOS activity in the spinal

horn/trigeminal nucleus and supraspinal structures; these structures are involved in the modulation of nociceptive

input from myofascial cranial structures contributing to central sensitization. The increase in NOS activity seems to

be associated with a hyposerotonergic status, particularly in patients with analgesic abuse. This can contribute to

central sensitization in patients with TTH. The increase in platelet glutamate content in the same patients suggests

the implication of the above excitatory amino acid in spinal and supraspinal structures involved in head pain

induction and maintenance .

Tenderness of pericranial myofascial tissues and number of myofascial trigger points are considerably increased in

patients with TTH. Mechanisms responsible for the increased myofascial pain sensitivity have been studied

extensively. Peripheral activation or sensitization of myofascial nociceptors could be one of the causes for

increased pain sensitivity, but firm evidence for a peripheral abnormality is still lacking. Peripheral mechanisms are

most likely of major importance in episodic TTH . Sensitization of pain pathways in CNS due to prolonged

nociceptive stimuli from pericranial myofascial tissues seems to be responsible for TTH chronification. Neck muscle

nociception mediated by NO may play a role in TTH pathophysiology . The role of NO in the antinociceptive

effect of indomethacin was assessed in the pain-induced functional impairment model in the rat (PIFIR model); the

antinociceptive effect of indomethacin involves, at least in part, the NO-cyclic GMP pathway at the peripheral level

. Furthermore, the role of NO in the antinoceptive effect of other drugs used for TTH treatment (diclofenac ;

ketorolac ; nimesulide ; celecoxib ; rofecoxib ; gabapentin ; melatonin ) has been shown.

Chronic TTH may be caused by prolonged painful input from pericranial myofacial tissues, such as tender points,

which results in central sensitization (increased excitability of neurons in the CNS). Animal studies have shown that

sensitization of pain pathways may be caused by or associated with activation of nNOS and generation of NO.

Furthermore, it has been shown that NOS inhibitors reduce central sensitization in animal models of persistent pain

.

nNOS is involved in the induction but not the maintenance of nerve growth factor (NGF) caused by facilitation of

nociception in the brainstem. The results from an experimental animal model may support the idea of nNOS and

eNOS as potential targets for pharmacological treatment of TTH . Infusion of α,β-methylene ATP (α,β-meATP)

into murine neck muscle facilitates brainstem nociception. Unspecific NOSs inhibition prevents and reverses this

sensitization. It is unclear whether nNOS, iNOS or eNOS isoenzymes are involved in this α,β-meATP effect. Ristic

D. et al. (2010) provided evidence that nNOS plays a major role in induction and eNOS in maintenance of

facilitation in neck muscle nociception. Divergent roles of NOS isoenzymes may promote research on target-

specific treatments for headache and neck muscle pain .
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The role of nNOS and iNOS in central sensitization induced by an intradermal capsaicin injection was investigated

by Wu J. et al. (2001) . Obtained results by Budziñski M. et al. (2000) suggest that NO derived from iNOS plays

an inhibitory role in carrageenan-produced hyperalgesia in rat .

The analgesic effect of the NOS inhibitor L-N(G) methyl arginine hydrochloride was investigated. This drug

significantly reduced headache and myofascial factors in patients with chronic TTH. These studies show that NO

plays a crucial role in the pathophysiology of TTH. The analgesic effect of NOS inhibition in patients with chronic

TTH is probably due to a reduction in central sensitization at the level of the spinal dorsal horn, trigeminal nucleus

or both. Furthermore, NOS inhibition may become a novel principle in the future treatment of chronic TTH .

4. Role of SNVs of NOSs Genes in the AH and TTH
Phenotype and Comorbidites

All three isoforms of the protein (nNOS, iNOS, eNOS) and its genes (NOS1, NOS2, NOS3) described above play

key roles in the pathogenesis of both AH and TTH. They also negatively influence the leading environmental trigger

of these nosologies: stress (Figure 2) and related neuropsychological disorders (anxiety and depression) .

Figure 2. Similarities in pathogenesis and unresolved issues of the role of NOS1, NOS2, NOS3 genes as genetic

predictors of the AH + TTH phenotype.

However, the prognostic role of NOS1, NOS2, NOS3 genes in the development of the common AH + TTH

phenotype has not been studied in comparison with the second most common phenotype (AH + migraine). Our

analysis testifies to the importance of planning and conducting associative genetic research in the role of NOS1,
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NOS2, NOS3 genes as genetic predictors of the AH + TTH phenotype (Figure 3) in various racial and ethnic

groups.

Figure 3. Potential SNVs of NOS1, NOS2, NOS3 genes predisposed to the AH + TTH phenotype.

This is important from a scientific and clinical point of view, because a new class of drugs that inhibit NOSs has

been proposed in recent years, both for the treatment of AH and TTH. A new strategy for predicting and disease-

modifying therapy of the common AH + TTH phenotype can increase the effectiveness and safety of treatment,

improve patient’s quality of life, and reduce the risk of life-threatening cardiovascular complications.
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