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ABSTRACT 

Hypertensive heart disease is the commonest cardiac complication resulting from long-

standing hypertension. Hypertensive patients inevitably develop hypertensive heart disease 

but the intensity and progression vary. Poor control is associated with a fast progression and 

worse outcome while the outcome of adequately controlled blood pressure is antithetical to 

the former. Various biochemical mediators have been implicated in hypertension and its re-

lated complications. Angiotensin-II is involved in both hypertension and remodeling of the 

cardiac and vascular architecture. The focus on Chymase and its inhibitors in modulating an-

giotensin-II levels have cast some doubts on the efficacy of solely using angiotensin convert-

ing enzyme inhibitors.  
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INTRODUCTION 

Hypertensive heart disease (HHD) is a sequela to hypertension which inevitably develops 

especially when blood pressure is poorly controlled [1]. Its development is influenced by in-

terplay of genetic and non-genetic factors [2]. Poorly controlled hypertension has been impli-

cated as the main reason for development of left ventricular hypertrophy (LVH) [3], however, 

the role of biochemical mediators such as angiotensin-II, endothelin-I, norepinephrine and 

urotensin-II cannot be overlooked [4]. Angiotensin-II plays a key role in homeostasis by re-

gulating arterial tone and fluid balance [5], but becomes toxic to tissues in pathological states 

[6]. Angiotensin-II is the main biochemical mediator involved in LVH [7], although its inhi-

bitors do not reduce blood pressure significantly compared to calcium channel blockers, di-

uretics and vasodilators [8]. This stresses on the impact of biochemical mediators causing left 

ventricular hypertrophy independent of the level of blood pressure.  

Previously, angiotensin-II activity on tissues were known to be as a result of circulating 

angiotensin-II [ 9 ] but multiple studies have shown the  presence of locally produced angi-

otensin-II through enzymatic pathways [10]. Angiotensin-II is found in both tissues and 

plasma [11], with its effect varying and depending on the site and duration of action [12]. 

Angiotensin converting enzyme inhibitors were discovered as a result of the evidence point-

ing towards angiotensin-II in pathogenesis of vascular and cardiac hypertrophy [7]. Discov-

ery of multiple antihypertensive drugs have curtailed most deleterious effects of hypertension 

but much requires to be done as emerging evidence prove some pitfalls in treatment strategies 

[13].  

A significant number of patients, 20 to 40 % are unresponsive to angiotensin converting 

enzyme inhibitors [14]. A myriad of clinical trials has confirmed the greater antihypertensive 

effect on combining angiotensin converting enzyme inhibitor and angiotensin-II type-I recep-

tor blocker as opposed to using angiotensin converting enzymes inhibitors solely [15]. This 

further bolsters the presence of an Angiotensin Converging Enzymes (ACE)-independent 

pathway in angiotensin-II formation. In the last two decades, the activity of alternate path-

ways mediating the conversion of angiotensin-I to angiotensin-II were discovered [16], chal-

lenging renin-angiotensin-aldosterone system as the sole pathway. The raveling of an alter-

nate pathway was discovered by Cornish and colleagues in 1978, who reported the existence 

of a possible alternate pathway in angiotensin-II formation in animal models [12]. A study by 

Urata et al, 1990 confirmed the presence of an ACE-independent pathway in the formation of 

angiotensin-II in human heart [17]. Although several serine proteases such as trypsin, cathep-

sin G, Chymase and chymotrypsin were involved in in-vitro conversion of angiotensin-I to 

angiotensin-II, cathepsin G and Chymase were found to be of essence to human cardiovascu-

lar system [17]. In a study by Takai, human vascular tissue angiotensin-II formation was par-

tially blocked withAngiotensin Converging Enzymes Inhibitors (ACEIs)[18]. This signifies 

the essence of non-ACE dependent angiotensin-II formation in humans. Most of the angi-

otensin-II was inhibited by Chymase inhibitor, chymostatin [19]. This explains the phenome-

non of ‘angiotensin escape’ where angiotensin-II returned to pretreatment levels in patients 

with angiotensin converting enzyme inhibitors. Angiotensin-II mediates inflammatory actions 

and may induce Chymase activity leading to a vicious cycle as more angiotensin-II is re-

leased by the process [20]. Circulating levels of angiotensin-II is dependent on angiotensin 
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converting enzymes while tissue angiotensin-II is dependent mainly on Chymase [21]. The 

presence of serum protease inhibitors limits the activity of Chymase in circulation [22]. How-

ever, serum Chymase in hypertensive patients is high compared to non-hypertensive patients 

[23]. The elevation in serum Chymase signifies the role of Chymase in hypertension which is 

supposed to remain undetected or at low levels due to the presence of circulating serine pro-

tease inhibitors. This review however seeks to address the role of Chymase in hypertensive 

heart diseases. 

 

DISTRIBUTION AND ACTIVITY OF CHYMASE IN CARDIAC TISSUE 

The activity of angiotensin converting enzymes play a crucial role in formation of angi-

otensin-II but the role of Chymase in pathophysiology of hypertension and hypertensive heart 

disease needs to be recognized [ 24]. In the physiological state, Chymase activity is currently 

not clearly established but in pathological states like hypertension, cardiac failure, atheroscle-

rosis and myocardial infarction, Chymase is induced [19]. Angiotensin-II levels in the cardiac 

tissue are derived from both local sources and from the circulating pool in serum [25]. Local 

cardiac Chymase cleaves about 80% of angiotensin-I to angiotensin-II as opposed to angi-

otensin converting enzymes [26]. The distribution of Chymase and angiotensin converting 

enzymes were first determined by Urata and colleagues, who examined the distribution of 

these enzymes in patients with heart failure.  

Angiotensin converting enzymes are abundant in the right ventricle of about 3-fold com-

pared to the left ventricle similarly, the right atrium had a concentration of about 2-fold high-

er than left atrium [17]. This depicts the crucial role of Chymase enzyme in the left ventricu-

lar hypertrophy as well as differential response of cardiac chambers to ACEI therapy. Chy-

mase granules are predominantly located in the interstitium as well as the myocardium and 

might be responsible for extracellular matrix angiotensin-II formation which leads to exces-

sive collagen deposition and fibrosis [27]. In cardiac tissue, Chymase is known to induce the 

expression of transforming growth factor-beta (TGF-b) which mediates myocardial fibrosis 

[28] aside angiotensin-II. Mast cells are ubiquitous in human tissues but the concentration of 

Chymase is tissue specific, some tissues like buccal mast cells have no or little Chymase [29]. 

In a study by Nussberger et al, Chymase was immune to serum serine proteinase when bound 

to heparin sulphate [30]. This might explain the reason why Chymase remains active al-

though serine inhibitors exist in the extracellular matrix. Systolic heart failure is one of the 

sequelae to remodeling induced by angiotensin-II [31].  

Ruthie and colleagues in 2008 discovered a strong correlation between non-ischemic sys-

tolic heart failure and heart Chymase activity. The deleterious effect of unopposed Chymase 

activity was associated with poor clinical outcome [32]. In a pre-clinical study, Chymase was 

able to induce hypoxia in myocardium leading to remodeling of cardiac architecture indepen-

dent of blood pressure [33] although this has not been firmly established in humans. Acute 

myocardial infarction resulting from sudden occlusion of the coronary artery is dependent on 

sudden rupture of the atheroma cap. Metalloproteinase-9 produced by Chymase is implicated 

in the rupture [34]. However, an initial study by Holubarsch et al did not find any inotropic 

effect with angiotensin-II from Chymase in the heart [35].  This suggests that possibly, angi-
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otensin-II produced by Chymase is of different molecular structure and might have only re-

modeling effects on the heart and vascular tissues. 

 

DISTRIBUTION AND ACTIVITY OF CHYMASE IN VASCULAR TISSUES 

The vascular physiology oscillates between two main states of dilation or constriction 

based on the sympathetic tone. Vasoconstriction is the main vascular state in hypertension 

and its related disorders [36]. Angiotensin-II mediates vasoconstriction within the acute phase 

of exposure in hypertension [37], while chronicity eventually results in hypertrophy and in-

timal anatomical aberrations [38]. Vascular angiotensin-II is derived from circulating angi-

otensin-II produced by ACE [39], while the local angiotensin-II in the vessel is produced by 

both the ACE and Chymase [40]. Chymase activity is significant in the blood vessels follow-

ing vascular injury [41]. A study on the impact of Chymase and ACE on angiotensin-II for-

mation in the blood vessels revealed almost 70% production by the former enzyme. Captopril 

was infused into vascular tissues and partial vasoconstriction was achieved signifying the role 

of a possible alternate pathway to angiotensin-II formation [42].  

In a similar study by Takai and colleagues, 2001, he found almost 90%of angiotensin-

II in vessels produced by Chymase [43]. In a study of activity of ACE and Chymase in coro-

nary arteries among  patients with coronary heart disease and heart failure, it was found out 

that a blockade of either enzymes resulted in partial inhibition if angiotensin-II [44]. This 

shows that a complete blockade of angiotensin-II will require more than just an ACEI. Aneu-

rysms have also been implicated in the activity of Chymase through the angiotensin-II me-

diated matrix metalloproteinase (MMP)-9 activation [45]. Activation of MMP-9 has also 

been observed in acute myocardial infarction from rupture of the atherosclerotic capsule trig-

gering thrombosis and hence coronary occlusion [46].   

Cardiac dysfunction post-myocardial infarction is mitigated by the use of Chymase inhibitors. 

Of note, Chymase inhibitors although reduces angiotensin-II have no impact on reducing 

blood pressure compared to angiotensin converting inhibitors [47]. Probably, because it has 

no direct impact on kinins and renin angiotensin aldosterone system. Thus, Chymase can be 

used in normotensive patients for its vascular and cardiac anti-remodeling benefits without 

causing hypotension. 

 

CLINICAL IMPLICATIONS 

The burden of hypertensive heart disease remains a serious problem within the medical 

practice [49]. Influence of co-morbid conditions on prognosis of HHD cannot be understated 

[50]. However, the discovery of novel drugs led to the control of hypertension and a halt in 

the progression of its complications [51]. In hypertensive heart disease, angiotensin-II block-

ade has been the main target for the reversal of various phenotypic expressions such as left 

ventricular hypertrophy, ischemic heart disease, heart failure, arrhythmia and valvular heart 

disease [52]. The induction of left ventricular hypertrophy by hypertension has been found to 

even occur without elevated blood pressure [53 ], which justified the use of angiotensin mod-

ulating drugs (ACEIs and ARBs) even in low renin and salt sensitive populations like blacks 

[ 54 ].  
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Unfortunately, the morbidity and mortality with hypertensive heart disease still remains 

high especially in Black populations although antihypertrophic agents such as angiotensin 

modulating drugs are employed [55]. Could there be a variation in antihypertrophic response 

to angiotensin-II modulating drugs in blacks? Existence of various co-morbidities such as 

dyslipidemia, chronic kidney disease and diabetes mellitus worsen HHD [ 56]. Angiotensin 

converting enzyme inhibitors serve as the first line drugs among the angiotensin modulating 

classes in treating hypertensive heart disease [57]. This raises the concern as to whether angi-

otensin converting enzyme inhibitors alone are able to reverse or halt hypertrophy. Combina-

tion of angiotensin-II receptor type-I blockers and angiotensin converting enzyme inhibitors 

have proved effective in totally blocking both tissue and plasma angiotensin-II [58]. Howev-

er, the combination of Angiotensin Receptor Blockers (ARBs) and ACEIs is limited by the 

possible side effects usually at high doses; hyperkalemia, orthostatic hypotension and angioe-

dema which are associated with it [59, 60].  

The reasoning behind the combination stems from the fact that alternate pathways are 

now known to be involved in formation. In clinical studies, restenosis after percutaneous co-

ronary intervention is one of the main complications following this procedure. The use of 

ARBs and ACEIs produced varying results; the former inhibited restenosis significantly 

while the latter had no major influence [61]. These results galvanize further studies on the 

role of Chymase inhibitors in such circumstances, since Chymase not only increases angi-

otensin-II but other remodeling factors like TGF-alpha. Chymase inhibitors in both animal 

models and human models have shown to play a significant role in angiotensin-II formation 

especially in the cardiac and vascular tissues [62]. In a study by , chymostatin inhibited more 

than 90% of Chymase [43], while alpha-1 antitrypsin inhibited about 95%[ 63] Reversal of  

various stages of hypertensive left ventricular hypertrophy was associated with the use of 

Chymase inhibitors alone compared to angiotensin converting enzyme inhibitors but a com-

bination provided maximum angiotensin-II inhibition [ 64 ]. In Blacks, poor blood pressure 

control in response to angiotensin modulating drugs in hypertension has been clearly defined 

[65]. However, its benefits to heart, kidneys and blood vessels are mainly extrapolated from 

clinical trials with an assumption that bigger numbers will produce same results. Further the-

rapeutic studies on the role of Chymase inhibitor in hypertensive heart disease management 

should be considered.  

Chymase has been shown to play a role in hypertension and its related disorders through 

angiotensin-II [66]. Chymase has also been recently implicated in patients with diabetic 

nephropathy resistant to antihypertensive medications [67]. A study by park and colleagues 

explored one of the possible mechanisms in unresponsiveness in patients with diabetes neph-

ropathy to ACEIs. It was realized that angiotensin-II produced in the kidneys of these patients 

were predominantly from Chymase and hence angiotensin converting enzyme inhibitors had 

no major impact on its blockade [68]. Conditions affecting production of serum proteins have 

been shown to affect the levels of Chymase. In the serum, Chymase activity is limited by the 

presence of serine protease inhibitors such as alpha-1 antitrypsin [34]. The liver is the anabol-

ic site for alpha-1 antitrypsin and hence conditions such as liver cirrhosis and hepatoma can 

reduce its levels significantly [69]. Genetic disorders affecting alpha-1 antitrypsin levels 
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(PiSS, PiSZ and PiZZ) are known to cause emphysema [ 70 ] but the role in hypertension  has 

not  been fully researched on since studies on Chymase is still embryonic.  

Albuminuria is one of the markers of kidney disease [71]; it has been realized to cause a 

significant loss of alpha-1 antitrypsin in patients with nephropathies. This loss can also ex-

plain the reason why ACEIs are less effective in diabetics with nephropathy. Multiple trials 

have shown the effectiveness in reducing proteinuria on combining ACEIs and ARBs com-

pared to using either agents alone [72]. 

 

 

CONCLUSION 

Angiotensin converting enzyme inhibitors remain the first line agent in the class of 

angiotensin modulating drugs in the management of hypertensive heart disorder. Current evi-

dence points towards a possible impact of an alternate pathway, Chymase in angiotensin-II 

production. Chymase istissue bounded and plays a crucial role in both vascular and cardiac 

remodeling. Chymase at tissue level produces majority of angiotensin-II compared to angi-

otensin converting enzyme. It serves as the connection between the immune system and car-

diovascular diseases. Inhibition of Chymase activity results in maximum extenuation of angi-

otensin-II, mainly tissue form which improves patient’s outcome in not only hypertensive 

heart diseases but also in renal and inflammatory conditions. Pharmacodynamics of Chymase 

inhibitors differ from ACEI, the former, although it causes a significant reduction in angi-

otensin-II do not have any influence on blood pressure control compared to the latter. A com-

bination of an ACEI and a Chymase inhibitor will yield a maximum reduction in angiotensin-

II and its related complications compared to angiotensin converting enzyme inhibitors and 

angiotensin-II type-I receptor blockers. This will obviate the untoward effects from using the 

latter combination. Further studies required in the use of Chymase inhibitors solely and in 

combination with angiotensin converting enzyme inhibitors. 
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