
Review

Angiotensin converting enzyme (ACE)

and HydroxyMethylGlutaryl-CoA (HMG-CoA)

reductase inhibitors in the forefront of pharmacology

of endothelium

Stefan Ch³opicki1,2, Ryszard J. Gryglewski2

�
���������� �	 
���������� ������������ ���������� ����������� ������ ������ ������������ � �

�! "�#$"� %����&� �����

�
���������� ������ '������� ������� ()�&��&��� �*� �! "�#+� � %����&� �����

Correspondence: (��	�� ��)������� �#���, �-��������.��	�����-�����&-�

Abstract

Healthy endothelium is essential for undisturbed functioning of the cardiovascular system, while endothelial dysfunction leads to its

various pathologies. For example endothelial dysfunction precedes clinical symptoms of atherothrombosis, such as acute coronary

syndrome, ischemic stroke, peripheral arterial disease or diabetic microangiopathies e.g. retinopathy and nephropathy. Accordingly,

pharmacological reversal of endothelial dysfunction may represent a new approach in preventing the aforementioned

vasculopathies.

In modern cardiovascular pharmacology, inhibitors of angiotensin converting enzyme (ACE-I) or inhibitors of

HydroxyMethylGlutaryl-CoA (HMG-CoA) reductase (statins) are among the most widely used cardiovascular drugs. Originally,

ACE-I and statins were introduced to clinical medicine to lower arterial blood pressure or to lower blood LDL cholesterol levels,

respectively. They were respectively targeted to inhibit ACE in blood or to inhibit HMG-CoA reductase in the liver. Surprisingly,

these two classes of drugs apart from their classic mechanisms of action exert pleiotropic endothelial actions, which involve the

inhibition of ACE or HMG-CoA reductase within the endothelium, as well as other less understood endothelial mechanisms.

Typically, therapeutic effectiveness of ACE-I by far exceeds the benefits expected from their hypotensive effect or as the matter of

fact of other hypotensive drugs. Similarly, statins offer cardiovascular protection irrespective of initial LDL cholesterol levels in

patients. In our view, it is the endothelial action of ACE-I or statins that contributes significantly to their anti-inflammatory,

anti-thrombotic, and vasculoprotective actions. Importantly, actions of ACE-I or statins are not limited to the correction of

functioning of a single endothelial mediator, but they do possess a broader spectrum of endotheliotropic properties that proved

efficient in preventing atherothrombosis and other vasculopathies.

Quite surprisingly, the history of ACE-I and statins has a major impact for the future development in pharmacology of endothelium.
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Abbrevations: ACE-I – angiotensin converting enzyme inhibitors,

EDHF – endothelium-derived hyperpolarising factor, HMG-CoA

reductase inhibitors (statins) – Hydroxy-Methyl-Glutaryl-CoA

reductase inhibitors, NO – nitric oxide, PGI� – prostacyclin,

O�

� – superoxide anions.

Endothelium in atherothrombosis

Current view on pathogenesis of atherothrom-

bosis

Atherothrombosis is a major cause of ischemic heart

disease, stroke and peripheral vascular disease and,

therefore, a leading cause of death. Since Anichkov’s

classical experiments in which atherosclerosis was

evoked by feeding rabbits with a high cholesterol diet

[47] it had been believed that atherosclerotic plaque

resulted from accumulation of plasma lipoproteins in

vessel wall, that progressively reduced the lumen of

vessels. Low-density lipoproteins (LDL) and oxidised

LDL (ox-LDL) were suspected to play a major role in

foam cell formation and the development of athero-

sclerotic plaques. Accordingly, it has for decades been

assumed that lowering the level of cholesterol repre-

sents the touchstone of antiatherosclerotic treatment

[52, 55].

Recently, however, the classical view on athero-

sclerosis as a cholesterol-driven pathology has given

way to an understanding of atherosclerosis as

a chronic inflammatory disease of the vascular wall.

In this vascular pathology, inflammatory and throm-

botic pathways intertwine in a complex network [1,

39, 54, 56, 57, 60, 80]. These mechanisms are far

from being entirely understood. However, it is becom-

ing increasingly clear that dysfunctional endothelium

plays a central role in the initiation and propagation of

inflammatory and pro-thrombotic mechanisms of

atherothrombosis.

Endothelium in inflammation and thrombosis

of atherothrombosis

Vascular endothelium, previously perceived as an in-

ert lining of blood vessels, is presently looked upon as

an important autocrine/paracrine/endocrine organ that

regulates cardiovascular function. Endothelium-

derived mediators regulate not only blood flow and

permeability, but also local and systemic inflamma-

tory response as well as thromboresistance of vessels.

On the one hand vasoprotective endothelial mediators

such as nitric oxide (NO), prostacyclin (PGI2)

endothelium-derived hyperpolarising factor (EDHF),

bradykinin (Bk) tissue plasminogen activator (t-PA),

thrombomodulin (TM) or ADP-ase do exert anti-

thrombotic, anti-inflammatory and vasoprotective ac-

tion. On the other hand, excessive production of su-

peroxide anions (O2
–), izoprostanes, angiotensin II

(ang II), endothelin 1 (ET-1), plasminogen activator

inhibitor (PAI-1), tissue factor (TF), von Willebrandt

factor (vWF), chemokines (e.g. monocyte chemotac-

tive protein MCP-1), cytokines (e.g. IL-6), and in-

creased expression of adhesion molecules (e.g. se-

lectin P, ICAM-1) promote inflammation and throm-

bosis of vascular wall that may eventually lead to the

development of atherosclerotic lesion (Fig. 1). Indeed,

as was delightfully said by Sir John Vane a couple

years ago: The Endothelium: maestro of blood circu-

lation [100]. Nowadays one can say the same in

a long and dreary way: Endothelial phenotype deter-

mines the health of the cardiovascular system.

Thereby, a pathological interaction between leuko-

cytes and endothelial cells [54, 56, 60, 79] may initi-

ate inflammatory response that step by step leads to

the development of atherosclerotic plaque. Recruit-

ment of mononuclear leukocytes through vascular
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leukocyte adhesion molecules and chemokines plays

a crucial role in that process. It is highly accelerated

by the presence of activated platelets [82]. In murine

models of atherosclerosis genetic deletions of any of

the following: P- & E-selectins, intercellular adhesion

molecule-1 (ICAM-1) [11], vascular cell adhesion

molecule-1 (VCAM-1) [53], as well as monocyte che-

moattractant protein-1 (MCP-1) [29] – retards the de-

velopment of atherosclerosis. Obviously, removal of

any endothelial mechanism that activates inflamma-

tion proves effective in retarding the development of

atherosclerotic plaque. Similarly, activation of

prothrombotic phenotype of endothelium (for exam-

ple by knockout of tissue factor pathway inhibitor

(TFPI)) promotes atherosclerosis in ApoE-knockout

mice [115].

The overwhelming evidence indicates that healthy

endothelium defends against vascular inflammation

and thrombosis, and protects against the development

of atherothrombosis, while dysfunctional endothe-

lium promotes vascular inflammation and thrombosis

leading to atherothrombosis. Thus a novel paradigm

of the pathogenesis of atherothrombosis is emerging

in which the phenotype of endothelium determines its

initiation and development. Accordingly, pharmacol-

ogical correction of the phenotype of endothelium

may offer a new approach to preventing and treating

of atherothrombosis.

Dysfunctional inflammation of endothelium as

a new prognostic factor in atherothrombosis

Numerous studies demonstrate that endothelial dys-

function (assessed as impairment of NO-dependent

vasodilatation) is one of the earliest manifestations of

atherosclerosis, even in the absence of angiographic

evidence of the disease [114].

All atherogenic risk factors such as: hypertension,

smoking, diabetes, hypercholesterolemia, hyperho-

mocysteinemia, ageing, menopause, obesity, lack of

physical activity, mental stress, as well as inflamma-

tory burden (as recently suggested) are linked to en-

dothelial dysfunction [73, 101, 103]. Impairment of

NO-dependent vasodilatation that precedes the devel-

opment of atherothrombosis was found to be propor-

tional to a number of risk factors [7, 104, 118]. Ac-

cordingly, endothelial phenotype represents a “ba-

rometer for cardiovascular risk” [102]. It integrates

the impact of various environmental as well as genetic

atherogenic risk factors and it translates them into the

biological parameters such as impairment of NO-

dependent vasodilatation as well as inflammatory and

pro-thrombotic activation of endothelium [102]. Con-

versely, modifications of atherogenic risk factors such

as the lowering of blood pressure or of blood choles-

terol levels that are known to decrease the risk of car-

diovascular events may at the same time improve the

NO-dependent endothelial function [3].

On the other hand, pharmacological correction of

hypertension or hypercholesterolemia may not neces-

sarily lead to improvement of endothelial function

[27, 63, 70, 97] [ENCORE I trial, [19]]. Paradoxi-

cally, as recently suggested by Wald and Law [108],

the presence of the classical risk factors of atheroscle-

rosis does not really differentiate between the popula-

tion of control patients and of those that succumb

myocardial infarction. It may well be that cardiovas-

cular events do not occur despite the presence of clas-

sical risk factors. On the other hand cardiovascular

events do occur despite the pharmacological correc-

tion of classical risk factors. These facts point to the

feebleness of a paradigm of cardiovascular health

based on diagnosis and treatment of classical risk fac-

tors. Undoubtedly, their correction may decrease the

risk of cardiovascular events and it is not our point to

dismiss this notion. Here, we present the following

concept: it is the phenotype of endothelium that more

precisely identifies patients at risk of developing

atherothrombosis than the classical risk factors. Ac-

cordingly, it is the pharmacological correction of en-

dothelial function that affords cardiovascular protec-

tion beyond that offered by pharmacological correc-

tion of the classical risk factors.

The above thesis is supported by at least 10 pro-

spective clinical studies [5, 14, 28, 38, 40, 63, 71, 83,

86, 94, 96] demonstrating prognostic significance of

endothelial dysfunction in atherothrombosis. Without

going into the detail of these studies, in each of them

endothelial NO-dependent function was assessed us-

ing various non-invasive or invasive methods in pe-

ripheral or coronary circulations. It was found that in

patients with hypertension [63, 71], with coronary ar-

tery disease, or with risk factors for coronary artery

disease but with normal coronary angiogram [14, 28,

38, 40, 83, 86, 94, 96], as well as in patients with pe-

ripheral arterial disease [5] cardiovascular events pre-

vailed in a group of patients with endothelial dysfunc-

tion. Among cardiovascular events were reported: sud-

den cardiac death, acute coronary syndrome, ischemic

stroke, revascularisation procedures. Results of these
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clinical studies strongly support the notion that the de-

velopment of atherothrombosis is initiated or facili-

tated by the loss of endothelial vasculoprotective

properties [16, 74].

Phenotype of endothelial dysfunction/

inflammation in atherothrombosis

Endothelial dysfunction is diagnosed as an impair-

ment of endothelial NO-dependent vasodilation [75,

76]. Even though it is the impairment of NO-

dependent vasodilation that predicts future cardiovas-

cular events in patients with coronary artery disease

or hypertension [40, 71, 83, 94], nevertheless the phe-

notype of dysfunctional endothelium involves pleth-

ora of other biochemical changes, some of which

would be more difficult to measure in clinical practice

as compared to the non-invasive assessment of flow-

dependent vasodilation in the forearm. Endothelial

dysfunction also involves the impairment of PGI2

synthesis [48, 88, 98], decreased t-PA activity [68], in-

creased plasma levels of PAI-1 [45], and of von Wille-

brandt factor [87]. It is associated with increased vas-

cular production of superoxide anion [40], and with

elevated plasma levels of endothelin-1 [51]. Further-

more, the impairment of NO-dependent vasodilation

is associated with an elevation of plasma markers of

inflammation such as cytokines (e.g. IL-6), soluble

adhesion molecules (e.g. P-selectin or sICAM-1), and

finally, CRP [1, 2, 9, 23]. It is out of the scope of the

present review to characterise in detail the alterations

of endothelial function in atherosclerosis. However, it

has to be stressed that so called endothelial dysfunc-

tion represents in fact endothelial inflammation char-

acterized by the deficiency of vasoprotective media-

tors such as NO, PGI2 and robust activation of pro-

inflammatory and pro-thrombotic phenotype of endo-

thelium. Accordingly, functional alterations of numer-

ous endothelial mediators are causally involved in the

progression of atherothrombosis.

Pharmacology of endothelial dysfunction/

inflammation with ACE-I and statins

The complexity and broad scope of biochemical dis-

turbances of endothelial dysfunction explain why

pharmacological substitution or correction of a single

endothelial mediator is insufficient to exert a substan-

tial clinical benefit in the prevention and treatment of

atherothrombosis. Indeed, L-arginine, a substrate for

NO-synthesis, and stable analogues of PGI2 (e.g. ilo-

prost) might only alleviate some symptoms but they

have not brought about unequivocal clinical benefit in

the treatment of atherothrombosis.

On the contrary, the clinical effectiveness of

HMG-CoA reductase inhibitors (statins) and angio-

tensin converting enzyme inhibitors (ACE-I) is im-

pressive, both in the prevention as well as in the treat-

ment of atherothrombosis [13, 24, 62, 66, 72]. Obviously,

in contrast with L-arginine itself or PGI2 analogues,

statins (e.g. simvastatin, lovastatin, atorvastatin) and

tissue-type ACE-I (e.g. quinapril, perindopril, rami-

pril) possess a broader pleiotropic action at the endo-

thelial level than the correction of functioning of

a single endothelial mediator [22, 50, 62, 67, 95].

The pleiotropic effects of statins and ACE-I include

anti-inflammatory, anti-thrombotic, anti-diabetic, anti-

stroke, anti-ischemic, vasoprotective or cardioprotec-

tive actions reported in numerous clinical and basic

research papers [8, 13, 22, 50, 62, 67, 95, 116]. Not

long ago we proposed [36] a common pleiotropic en-

dothelial link between both classes of drugs. This link

may explain the unexpected yet similar potential of

both classes of enzymic inhibitors in the treatment of

patients with atherothrombosis.

In the case of statins the molecular mechanism of

their endothelial action involves mechanisms depend-

ent on and independent of HMG-CoA reductase.

Statins increase the expression of NOS-3 [49], t-PA

[21], decrease expression of PAI-1 [4] of ET-1 [41]

and AT1 receptors [110], down-regulate inducible NO

synthase expression (iNOS) [107], inhibit adhesion

molecule expression in endothelial cells (e.g.

VCAM-1, ICAM-1) [65], inhibit pro-inflammatory

cytokine formation in endothelium and leukocytes

[43, 111] as well as decrease the activity of NAD(P)H

oxidase [106, 109]. Statins also inhibit the expression

of CD40 in endothelium [105]. The above listed

pleiotropic activities of statins in most but not in all

cases are related to endothelium. Their mechanisms in

many, but not in all [105] cases were ascribed to the

inhibition of biosynthesis of isoprenyl radicals, and

subsequent inhibition of prenylation-dependent activ-

ity of small GTP-binding proteins, e.g. of the Rho and

Ras family [95, 99, 117].

We extended the list of pleiotropic activities of

statins by showing that simvastatin and atorvastatin

induced immediate PGI2-mediated thrombolysis in

vivo [36], simvastatin and lovastatin induced NO-

mediated coronary vasodilation in the isolated guinea
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pig heart [36] (Fig. 2) and that simvastatin, cerivasta-

tin and atorvastatin induced endothelium-dependent

vasodilation in bovine coronary arteries mediated by

NO and/or PGI2 [58]. Interestingly, statin-induced

coronary vasodilation involved also a smooth muscle

cell-dependent component, the mechanisms of which

remain to be determined [58].

The immediate endothelial action of statins in vivo,

in the coronary circulation of the isolated guinea pig

heart as well as in bovine coronary artery rings re-

ported by us was independent on HMG-CoA reduc-

tase and prenylation of signaling proteins [36, 58, 59].

It was rather initiated by a rise in [Ca2+]i, in vascular

endothelium and involved Ca2+-calmodulin-dependent

pathways and the subsequent phospholipase A2 and

NOS-3 activation, leading to PGI2 and NO release, re-

spectively [36, 58, 59].

It is well known that statins accomplish their hy-

polipemic activity by inhibiting cholesterol synthesis

in the liver. Our data tend to indicate that endothelium

is a main target for the pleiotropic action of statins.

Although a major part of this pleiotropic effect of

statins seem to be HMG-CoA reductase dependent,

there also exists a HMG-CoA reductase independent

component. Interestingly, it was suggested that anti-

inflammatory effect of statins involves direct binding

of statins to leukocyte function antigen-1 (LFA-1) re-

ceptor [113]. It remains to be determined whether en-

dothelial HMG-CoA-independent action of statins

bears any similarities to this direct mechanism of

statins reported in leukocytes.

Summing up, vascular protection that is offered by

inhibitors of HMG-CoA reductase does not exclu-

sively depend on their lipid-lowering properties. To

a great extent, it seems to derive from their pleiotropic

actions, including the reversal of endothelial dysfunc-

tion followed by anti-inflammatory, anti-thrombotic

effects. This view is supported by recent clinical data:

in the HPS trial simvastatin lowered the risk of car-

diovascular events irrespective of the blood choles-

terol levels of the patients treated [64].

Similarly to statins, the efficacy of ACE-I to de-

crease the risk of cardiovascular events in two major

trials HOPE and EUROPE [26, 89] extends beyond

that expected from their classic, i.e. hypotensive

mechanisms of action. ACE in plasma constitutes

only a minor part of total ACE in the body. The major

site of ACE localization is the surface of the endothe-

lium [18, 78, 120]. The most likely mechanism for

pleiotropic endothelial action of ACE-I would be ac-

cumulation of bradykinin in the vicinity of endothelial

B2 kinin receptors [22, 42, 67, 77]. Hence, ACE-I in-

crease the production of vasoprotective anti-thrombotic

and anti-inflammatory NO and PGI2 by the endothe-

lium. Following chronic administration of ACE-I, in-

duction of endothelial B1 receptors may also take

place [61]. On the other hand, inhibition of angio-

tensin II formation by ACE-I may also contribute to

the reversal of endothelial dysfunction, e.g. via de-

creased NAD(P)H oxidase expression and diminished

O2
– formation by vascular endothelium [67, 69]. It is

worth adding here that some authors suggest central

role of angiotensin II and NAD(P)H oxidase in athero-

genic activation of the endothelium [30, 67, 69], while

others perceive bradykinin as the central modulator of

endothelial function [35]. It remains to be determined

whether diminished angiotensin II production or ac-

cumulation of bradykinin prevails in the reversal of

pathologic endothelial dysfunction. Possibly both ef-

fects of ACE-I are equivalent to each other.

We claim that in Wistar rats in vivo thrombolytic

action of ACE-I is associated with a bradykinin B2 re-

ceptors mediated release of endothelial PGI2 but not

that of NO or t-PA [31, 34, 36] (Fig. 3, 4). The ACE-

I-induced release of endogenous NO had rather
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a weak permissive effect on thrombolysis by ACE-I,

while the delayed appearance of t-PA antigen in blood

feebly correlated with their thrombolytic potencies.

Therefore, in our hands blood levels of 6-keto-PGF1�,

a stable product of the spontaneous breakdown of endothe-

lial PGI2 proved to be an important marker of the pleio-

tropic endothelial effects of ACE-I, associated with dura-

tion and intensity of their thrombolytic action in vivo [34].

Interestingly, the potency to induce thrombolysis in

vivo by the most active ACE-I greatly surpassed that

observed for statins. Effective doses were 30 µg/kg

vs. 3 mg/kg, respectively [36]. Thrombolytic and

PGI2-releasing potencies in vivo for ACE-I was

quinapril = perindopril >> captopril, pointing to the

superior endothelial action of lipophylic tissue-type

ACE inhibitors if compared with plasma-type ACE

inhibitor such as captopril (Fig. 3).

In summary, a wide spectrum of endothelial actions

of statins and ACE-I seems to offer a good validation

of their clinical effectiveness. We suggest that correc-

tion of endothelial function by statins and ACE-I con-

tributes significantly to their clinical benefits such as

the inhibition of progression of atherothrombosis, and

a decrease in mortality from myocardial infarction

and stroke. Importantly, the above is achieved by cor-

rection of various functions of the endothelium, not

only of e-NOS/NO pathway. Indeed, inhibition of en-

dothelial ACE or HMG-CoA reductase is able to re-

verse complex phenotype of activated pro-inflammatory,

pro-thrombotic endothelium towards healthy quies-

cent phenotype.

Perspectives

The present review may lead to the conclusion that it

was serendipitously discovered that an activation of

two endothelial enzymes (ACE and HMG-CoA re-

ductase) represents the essential biochemical mecha-

nisms for pathological endothelial inflammatory re-

sponse.

Indeed, it might be speculated that the activation of

these two endothelial enzymes represents key ele-

ments of endothelial response to injury. This term,

which was initially coined by Ross et al. [81], may

well describe the phenomenology of endothelial in-

flammation that in a biological sense is a reparative

response.

ACE appears in cardiomyocytes next to myocardial

infarction, and this enzyme may be involved in tissue

repair after cardiac injury [91, 112]. Its role in the en-

dothelium may serve the similar purpose to alleviate

the injury inflicted by atherogenic risk factors. How-

ever, with time, as is the case with many biological re-

sponses, adaptation gives way to maladaptation. In

line with that hypothesis, excessive ACE activity in-

stead of repairing the vascular wall brings a perpetua-

tion of vascular inflammation and thrombosis. Hence,

there might be found a potential of ACE-I to alleviate

this maladaptive endothelial response.

HMG-Co reductase converts HMG-CoA to meva-

lonate. It is the first enzyme opening the cascade of

cholesterol biosynthesis, and most importantly the in-

termediate isoprenyl radicals such as farnesyl and
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geranygeranyl pyrophosphates that allow the mem-

brane anchorage for numerous signalling small G pro-

teins. Obviously endothelial activation and the ap-

pearance of its pro-inflammatory and pro-thrombotic

phenotype involves the activation of several signal-

ling pathways that are not active in healthy endothe-

lium. Hence, there is to be seen a potential role for in-

hibitors of biosynthesis of isoprenyl radicals in fa-

vourable modulation of the endothelial phenotype.

Interestingly, in 1959 Janusz W. Supniewski et al.

[92, 93] synthetized 2-methyl-2-butene-carboxylic

acid (MBCA), a simple analogue of isoprenyl inter-

mediates in the cholesterol biosynthesis, and found

that MBCA prevented the development of atheroscle-

rosis in animal models. This effect of MBCA was as-

cribed to its inhibitory action on the cholesterol bio-

synthetic cascade [92, 93] (Fig. 5). Nowadays we

would describe MBCA as an “antimetabolite” of an

isoprenyl radical in the cholesterol biosynthetic cas-

cade. It must be stressed that these events took place

17 years before Akiro Endo et al. [20] isolated from

the mould Penicillium citricum the first statin-mevastatin

that inhibited cholesterol biosynthesis.

It is tempting to speculate that the antiatheroscle-

rotic potential of MCBA was due to the elimination of

isoprenyl radicals rather than to the inhibition of cho-

lesterol biosynthesis. Thus MBCA could act as an

agent reversing endothelial dysfunction in experimen-

tal models of atherosclerosis. It would be fascinating

to test this hypothesis experimentally today, when the

antiatherosclerotic potential of statins is unquestion-

able, notwithstanding their hypolipemic activity.

Endothelial action of ACE-I and statins, drugs which

served for many years as important cardiovascular

drugs, has undoubtedly a strong impact on the current

understanding of the mechanisms involved in pathologi-

cal endothelial activation and in consequence on the cur-

rent approach to the treatment of atherothrombosis.

The lesson learned from the clinical success of statins

and ACE-I should direct future endothelial research to-

wards the development of new efficient endotheliotropic

drugs for the prevention and treatment of atherothrom-

bosis that need not necessarily be hypotensive or hypoli-

pemic, but certainly ought to stimulate the generation of

vasoprotective endothelial mediators and to inhibit

a number of pro-inflammatory and pro-thrombotic path-

ways of the activated dysfunctional endothelium.

Obviously there are numerous endothelial enzymes

and receptors which might constitute targets for new

promising endothelial drugs, Indeed, number of

agents display beneficial endothelial action, e.g. an-

tagonists of angiotensin II receptors (sartans) [6, 119],

ADPY12 receptors (thienopyridines) [17, 32, 33, 44]or

�-adrenoceptors (e.g. nebivolol, carvedilol) [10, 46],

calcium channels antagonists [25], endothelin-1 re-

ceptor antagonists [12], aldosteron antagonists [84]

vasopeptidase inhibitors [85], PPAR agonists [15, 90],

xanthine oxidase inhibitors [37] and many others.

A challenge for pharmacologists is to find out what is

the therapeutic significance of endothelial action of

these drugs and their mechanisms of endothelial

action. After gaining the knowledge from basic and

clinical studies on the endothelial potential of ACE-I

and statins this seem to be a feasible task. Now, phar-

macology of endothelium has on its own two classes

of endothelial drugs of reference.
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